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FOREWORD 

The Associated Cement Companies' fraternity of the mid 70's knows well Mr. S. P. Deolalkar, as an young well 
qualified Engineer with a penchant desire to "Learn the nuances of Design and Developments" in Engineering in 
Cement Machinery, in addition to getting hands on experience in Operation & Maintenance of the Machinery in 
manufacturing the mundane Cement. I had the good fortune of rubbing shoulders with Deolalkar at every stage of 
his illustrious career, and his unique approach was to share "Knowledge and Experience" and above all 'perception' 
of Quality Control as one Mantra from start to finish and not as a 'perfumery & cosmetic' at the end of the 
manufacturing process be it of Cement or the Machinery for Manufacturing Cement. 

"Comparing and Contrasting" is an art and Deolalkar in his voluminous "Handbook for Designing Cement 
Plants" has perfected in highlighting the strengths and weaknesses, in the SWOT Analysis mode. It is amazing that 
the references are far and wide keeping in mind that ultimately the proof of the pudding is in the eating, and it is a 
'Total System Approach', from concept to conclusion. The numerous sketches, drawings and photos give the 
reader an 'on line' concept to understand the thought process of the author. 

A very important concept brought out by Deolalkar is in the 'Layout' of the entire Cement Plant as well as 
individual Departments. This is very crucial as the Layout is the 'heart and soul' of the project and providing for 
major expansion in phases over the decades is the order of the day, the world over. Further with the need for 
continuous monitoring at every process stages and timely and effective control the Layout should have enough leg 
room for ease of approach and movement of maintenance men and their tools and tackles. 

It would be no exaggeration if I reiterate that I have not come across such a comprehensive reference Handbook 
as this to inculcate a deep sense of understanding of the Design aspects to match the manufacturing processes and 
ensure "Quantity and Quality" of Cement from the plant at an affordable cost. Whilst from the financial aspect, the 
pundits would insist on "Cost Benefit" the Designer's approach is "Value Benefit" at affordable cost. 

One unique approach I have noticed in Deolalkar is "MBWA" - "Management By Walking Around" - they do 
not teach you at Harvard I believe. He was always keen to find out for himself the actual performance at the Plant 
of the Machinery he had designed as that would give him a feed back for betterment. 

The interest and expertise of Deolalkar bloomed as the Capacity of the Plant rose geometrically from 300 Tons 
per day in the fifties to 10,000 tons per day in modem plants, in the current decade. 

The following golden words in a Live situation, would illustrate the commitment needed not only of such designers 
but the factory staff and workers, the generators of wealth for prosperity -

MACHINES DO NOT FAIL BUT MEN DO 

Machines do not fail, but the people who design, build, operate and maintain them fail. 



(viii) Foreword 

There was a time when trains rarely derailed, when cranes rarely buckled, when roofs rarely collapsed and 
when military gears functioned even in a snow storm. But on the evening of 24th April 1980, when the United 
States of America, launched a dramatic military operation to release 50 American hostages held in Tehran, in the 
early hours of the following morning the rescue mission had to be aborted because of the mechanical failure of 
three out of eight helicopters assigned to the mission. Eight American servicemen died during the withdrawal 
operations. 

On the 3rd June, and again on the 6th June of the same year, 1980, an acclaimed computer failure in the 
American defence system triggered an erroneous warning that Russian missiles were launched and were speeding 
towards targets in the USA. Nuclear counter-measures were initiated by the Americans but retaliatory strikes 
were finally called off after several minutes of frantic checking to determine the validity of the computer signals. 

Machines would fail to work, if the people - from top to bottom - who are responsible for their design, 
construction, operations and maintenance, are not imbued with strong and continuing sense of responsibility for 
their respective jobs. Competent leadership is no doubt important, but in the end the acid test would be the individual 
responsibility that would determine whether our democracy would remain or sink. 

"If a system fails dear Brutus, do not blame the system, blame yourself" 

This Handbook is a unique contribution of Mr. S. P. Deolalkar, a highly devoted and dedicated Engineer to the 
society at large, and I would recommend this to the Engineers at the corporate offices and Cement Plants, and also 
for all Technical Libraries for knowledge up-gradation. 

15th May '07 T. V. BALAN 
FIE, FlEE, FSCI 

Retired Director and CEO of 
The Associated Cement Companies. Ltd 

Retired M.D. of 
Cement Corporation of Gujarat Ltd. 



PREFACE 

I joined the Associated Cement Companies in August 1956, as a Junior Engineer. Ever since, I have been associated 
with the Cement Industry in various capacities. For over forty years I have been engaged in the design of Cement 
Plants of all sizes and types; they have been new plants at green field sites; they have been expansions of existing 
plants; and also in upgrading and modernization of running plants. In a large number of cases I was involved from 
conceptual stages to their completion. 

In the discharge of my duties as a Design Engineer, as a Project Engineer and as a Consultant, I had to ask 
questions and collect pertinent information on the project, infrastructure and so on so that I could give shape to 
clients' aspirations and help them to make them a reality. 

I realized that the basic principles in going about setting up a cement plant, whatever the process, the size and 
machinery were practically the same. . 

If these steps are taken in an organized and sequential manner, the objective can be achieved to the entrepreneur's 
satisfaction speedily and the results could be obtained without too many teething troubles or in other words "sins of 
omission and commission". 

It therefore appeared to be worthwhile to document the steps involved in designing of cement plants so that 
they could be useful not only to cement entrepreneurs and their executives but also to cement consultants who help 
cement entrepreneurs in achieving their objectives. 

This book is an outcome of this process of thought. I of course realize that it is well nigh impossible for anyone 
person to cover all the aspects of designing a Cement Plant in depth and to do justice to them all. 

In writing this book I have kept before me the various aspects that I needed most in my task of designing. In my 
working days I had taken steps to 'standardise' engineering needed so that my approach was consistent and the 
chances of overlooking anything were minimized. Ultimately we took the first steps to put on computer design and 
process calculations, calculations for sizing machinery and even for designing Cement Machinery. 

I had good fortune to work with late Mr. H.J. Canteenwalla. He was a stickler for perfection. No detail was too 
small for him to go into. He was a very practical engineer and could visualize layouts ~nd departmental drawings 
in three dimensions and could thus foresee problems that could arise. I thus learnt from him all the finer points of 
making layouts, departmental drawings and in detailed engineering. I continued with the same approach in my 
working life and took great pains in finalizing layouts and in detailed engineering. 

I was also fortunate to work with late Mr. P.S. Sharma. I had a long association with him. He was my mentor 
in aspects of Instrumentation and Process Control and in aspects of design of Power Distribution Systems. Here 
was another great engineer who was thorough in his subject. 



(x) Preface 

There are many excellent books like Duda, Otto Labahn, Peray and others for educating cement engineers in 
processes of manufacture of cement and in types of machinery that was available to make cement. Having 
worked as a Designer with a machinery manufacturing company for over 20 years I was of course familiar with 
the aspects of sizing, selecting and mechanical design of cement machinery. However there was no book which 
could guide me in designing layouts and departmental drawings; while data was available on how to calculate 
frictional losses in ductings elsewhere, there was need to put together the 'things' needed most by a cement plant 
designer whether working as a plant engineer or as a process engineer or as a consultant or as a cement machinery 
manufacturer. This book is an honest attempt to fill that gap. I have been working on it for about 5 years. 

Readers will perhaps still find some aspects missing and some not covered in detail to the extent they would 
have liked them to be dealt with. I apologize for my inadequacies. I have tried to bring out various facets of the 
same machine for example, foundations and drives, maintenance and safety needs, separately to stress their 
importance. Hence some repetition was inevitable. Some repetition is deliberate so that the reader does not have 
to go back and forth looking for references. 

Through the context is largely Indian because of my association with the Indian Cement Industry, the principles 
and procedures of design are Universal and applicable to designing a cement plant anywhere. 

Technology develops very fast these days and it is difficult to keep pace with it. I would have very much liked 
to deal with new developments in clinker coolers for example, in greater depth. But here also principles of developing 
departmental layouts would remain the same. 

A special feature of this book is its Reference Section (Section 8) in CD format. In it are number of frequently 
required 'live' calculations in Excel format. Reader can use these reference memoranda to do his own calculations 
according to his particular system and raw materials and fuel. 

I believe that this is a practical book. It may not serve as a 'text book' but it surely is a Guide and a Handbook 
that would be found very useful in working life. 

If I succeed in making Entrepreneurs, Consultants, Cement Technologists and Cement Machinery Manufactures 
aware and conscious of the necessity for going about the business of designing a Cement Plant in a professional 
manner and this book actually helps them in taking these steps, I would be very happy. 

-Author 
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CHAPTER 1 

OVERVIEW OF MANUFACTURE OF CEMENT 

1.1 Beginning of Cement 
"Cement" as Portland Cement was first made in a 
shaft kiln using dry process and later in rotary kilns. 

That "Slaked" lime hardens with water was well 
known and was used as "Mortar" with sand in 
construction industry before the advent of cement. 

Some "Natural rocks" contained all ingredients like 
CaO, Si02, Al20 3 and Fe20 3 in approximately right 
proportions so that they did not need any additions and 
when ground calcined and sintered in a kiln produced 
clinker which when ground with 5% gypsum produced 
what has come to be known as "Portland Cement". 

Cement has hydraulic properties like slaked lime 
and hardens when mixed with water. Compressive 
strength increases in time and reaches its practical top 
limit after 28 days. 

Mixing crushed stone, sand, cement and water 
makes "Concrete". When hardened it is like rock and 
hence is called "Synthetic rock". It has similar 
properties of high compressive but low tensile strengths. 

When concrete is poured around steel it becomes 
Reinforced Cement Concrete - popularly known as 
RCC - and has high tensile strength also. 

RCC has revolutionized construction industry and 
it is well nigh unimaginable to construct roads, dams, 
skyscrapers and silos and many other large and heavy 
buildings for residential or for industrial purpose without 
RCC. 

Cement the main strength giving and binding 
ingredients is thus an all-important part of RCC and 
thus plays a vital role in the progress and development 
of a nation. 
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At present there is no substitute for cement. 
Hence, it will continue to play an all-important role in 
construction industry. 

Yardsticks like inter alia per capita consumption of 
steel, power and cement are used to indicate state of 
development of countries. Advanced and developed 
countries have per capita consumption of cement of 
400-500 kgs. As against it in India per capita 
consumption of cement is only about 110 kgs. 

1.2 Making Cement 
Cement Industry started in a very small way, first as 
shaft kilns using dry process. 

When it was found that the proper composition of 
raw mix required to making good quality clinker almost 
always needed. additions or correcting materials to 
compensate for constituents like Silica, Alumina and 
Iron Oxides, it became necessary to "Blend" the 
constituents after "Grinding". 

Blending was then more convenient in wet stage in 
the form of slurry. 

By this time Rotary Kiln had come to be used to 
make Cement. It would conveniently receive slurry as 
well. Thus process of cement making changed from 
Dry to Wet. 

1.3 Dry to Wet to Dry 
Process of Manufacture 

Wet Cement plants continued to grow in number and 
size and wet process was the predominant process of 
manufacture of cement till 1950 or so. It continued to 
be the dominant process in India for another two 
decades. 
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Wet process was simple and required less process 
control and instrumentation and manpower. But it 
consumed a large quantity of heat energy in drying the 
slurry. 

As fuel costs rose, alternative processes were 
investigated to reduce water content of slurry and 
thereby fuel consumption. 

1.4 Semi-dry Process 
Thus came into use 'semi-dry' process which needed 
only 8-10% water compared to 35-36% for wet slurry. 
Raw materials were ground and blended dry. Water 
was added to dry raw mix in a revolving pan to make 
nodules. The nodules were dried on a travelling grate 
preheater before feeding them to a rotary kiln or to a 
shaft kiln. 

1.4.1 V. S. Kilns 
Vertical Shaft Kilns also came to be developed for 
capacities up to 300 tpd (in Europe). They needed low 
volatile fueb like coke breeze. 

1.5 Dry Process 
When wet process plants had reached their peak 
capacity of 750-1000 tpd, developments in processes 
and machinery took place that once again changed 
the course of cement making. 

1.6 Suspension Preheaters 
In early 50s of the 20th Century, an epoch making 
concept was developed - that of Suspension Preheater. 

The suspension preheater, with rotary kiln and grate 
cooler formed the heart of the cement plant and 'dry 
process' came to be adopted fast and number of wet 
process plants and semi dry process plants declined. 

Even in India, which had predominance in wet 
process plants in numbers and capacity as late as 
sixties, the percentage has decreased to less than 
3 % now. 

1. 7 Vertical Mills and Calciners 
Other epoch making developments took place in 70s. 
They were using Vertical mills for grinding raw 
materials and coal and development of calciners which 
calcined raw meal before it entered the kiln. With a 

calciner, output of the same kiln could be increased by 
about two and a half times. 

Vertical mills have also came to be used for grinding 
cement clinker and slag. 

These two developments gave tremendous boost 
to the size of the plant and also to economies in power 
consumption. 

1.8 Benchmarks in Manufacture of Cement 
Progress in making cement described above has 
been shown in Table 1.1 and pictorially in 
Figs. 1.1(a) and 1.1(b). 

1.9 Fuel and Power Consumption 
Fuel consumption was also steadily brought down from 
1500 Kcal/kg clinker for wet process kilns to 
800 Kcal/kg clinker for dry process kilns with 4 stage 
preheater and grate cooler. This has further come down 
to less than 700 Kcal/kg by using 6 stage preheaters. 

Power Consumption has come down to 85-90 K wh/ 
Ton. 

1.10 Differences in Processes 
Differences in various processes of making cement 
and equipment used therein have been brought out 
in Annexure 1, Table 1.2 and Annexure 2, 
Table 1.3 and in Fig. 1.2. 

1.11 Size of the Plant 
From beginning with a 20-30 t.p.d. capacity, individual 
kilns have gone up in size upto 7500-10,000 tpd 
capacity. Plants of 3-4 mtpa capacity in one place have 
also become common. 

The trend even in India is to go in for large plants 
to avail of economies of scale which can be achieved 
by using machineries (Vertical Mills, ESPS, etc.) which 
are suitable for and affordable by large plants. 

The days of small plants and particularly those of 
VSKs are over and they would not be considered for 
any future cement projects. 

1.12 Sizes of Cement Plants in India 
Even in conventional plants using rotary kilns, there 
was a distinction. 
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Table 1.1 Benchmarks in manufacture of cement. 

Benchmarks 

Kilns Shaft kiln-Rotary Kiln - Wet - Long dry - Short - Semi dry and Dry 

preheater kilns 

Coolers Rotary Cooler - planetary cooler; 

Traveling and Reciprocating grate coolers; 

Static grate, pendulum coolers and cross bar coolers 

Preheaters Calciners in wet kilns, traveling grate preheaters; 

Suspension preheaters 4 - 6 stages. 

Mills Ball and tube mills - mills with slide shoe bearings; 

Vertical ring and roller mills; 

Roller press and ball mill combinations; 

Horizontal Roller mill 

Blending Slurry blending - slurry mixer; 

Air merge blending - batch and continuous 

Classifiers Wet classifiers; 
Dry c1assifiers- grit separators, mechanical air separators; 

High efficiency separators 

Crushers Jaw, Hammer, Roll and Impact, mobile and semi mobile 

crushers 

Packing machines Stationary - rotary - rotary electronic 

Calciners In and off line; spouted bed, fluidized bed and many others 

Despatches Mechanized-automated loading of bagged cement; 

Bulk cement by road and rail and sea 

Dust collectors Cyclones; poly and multiclones; 

Bag filters- glass bag filters; 

Gravel Bed filters; 

Electrostatic PreCipitators 

1. Mini Plants of capacity - 300 tpd - to start 
with- but up to 900 tpd now 

Most of Mini plants with rotary kilns have upgraded 
the contents and have increased their capacity by 
installing calciners on their kilns to 1000-1200 tpd or 
higher. Mini VSK plants however are closing down 
one after another. 

2. Large Plants of capacity - 600 tpd and above 
earlier, 3000 tpd and above now 

1.12.1 Mini Cement Plants 
Mini plants with rotary kilns started with 200 tpd and 
earned concessions in Excise Duty and Sales Tax rebate 
etc., to make them viable. The limiting capacity has 
been progressively raised to 900 t.p.d. Concessions in 
Excise Duty are available only up to first 99,000 tons 
production. 

Hence, the incentives to get classified as 
"Mini Plants" have dwindled. 

Thus as far as process and types of machinery 
used are concerned, the distinctions between large and 
small plants have almost blurred. New projects are 
almost invariably for dry process plant~ of + 1.0 MTPA 
capacity. 

1.12.2 Large Cemellt Plants 
There are already about 68 cement plants of + I MTPA 
capacity with a total annual installed capacity of 
119 million tons which is about 82 % of the present 
installed capacity in India. 



Sr. No. 

1. 

2. 

3. 

4. 

Annexure 1 

Table 1.2 Basic Differences between Various Processes of Manufacture of Cement. 

Section Wet Semi Wet 

(A) Raw material preparation 

Semi Dry Dry 
Dry with 
calciner 

Crushing Common to all processes;machinery selected depends on size of plant and properties of stone 

Grinding Wet grinding in ball mills 
sometimes in closed circuit; 
product slurry with 35-40% water 

Homogenising wet, air and mechanical agitation 
product blended slurry wth 35 % water 

Kiln feed slurry with.:: 34 % 
moisture 
synchronised with 
kiln 

either extruded 
pellets with 15% 
moisture or, dry 
raw meal dried 
in flash dryer 

Dry grinding; drying during grinding; mostly in closed 
circuit; using kiln gases for drying. 
ball mills, vertical mills and roller press in hybrid grinding 
product dry raw meal with less than 1 % moisture 

fluidisation techinques for blending dry pulverised raw meal 
batch or continuous blending;continuous blending will 
be preceded by prehomogenising in stock piles; 
product dry blended raw mix 

pellets with 8-10% 
% moisture 

dry pulverised raw meal fed through 
volumetric or gravimetic feeders 

Annexure 1 Table 1.2 Contd .... 



Sr. No. 

1. 
2. 

3. 

4. 

5. 

Section 

(8) Pyroprocessing 

drying 
preheating 

calcining 

sintering 

clinker cooling 

Wet 

in kiln 
in kiln 

in kiln 

Semi Wet Semi Dry 

drying of pellets drying of nodules 
in travelling grate preheater 
preheating in preheater 

Dry 

preheating in kiln 
for long dry kiln 

dissociation of CO2 beginning at - 600°C and completing at - 950 °C 
in kiln largely in kiln partly in preheater 

balance in kiln 

formation of clinker at 1250-1450 °C in kiln 

cooling of clinker to 65- 150°C common to all processes 

Dry with 
calciner 

preheating outside 
kiln in dry preheater 
kilns; mostly 
cyclone preheaters 

almost totally out 
of kiln in calciner 

now mostly reciprocating grate coolers with variations like static grate, controlled flow and pendulum 
type are used 



Annexure 2 

Table 1.3 Different types of Equipment used in various Processes. 

Sr. No. Process Wet Semi Wet Semi Dry Dry Dry with Calciner 

1. 

2. 

3. 

4. 

5. 

crushing 

grinding 

common to all 
two stage crushing for ball mills; single stage crushing for Vertical mills and Roller Presses 

Jaw crusher - Hammer crusher combination for two stage crushing 
Impactors - single or two stage for single stage crushing 

semi mobile, mobile crushers for large plants 

ball mill open or closed circuit 
autogenous mill 

ball mills-air-swept or bucket elevator in closed circuit 
with conventional or high efficiency separators 
vertical roller mills - vrms with external circuit 

and high efficiency separators 
roller press and ball mill in various combinations 

prehomogenising stacker reclaimer systems used for prehomogenising 
of limestones and coal during building up of and 

extraction from stock piles 

homogenising pneumatic and mechanical agitation 

kiln feed 

slurry mixers 

metering of slurry 
synchronised with 
kiln 

filter press and 
disagglomerator 
and flash dryer 
or filter press and 
extruder 

blending systems basedon 'fluid ising' techniques 
batch and continuous blending systems 

noduliser with 
variable speed 

weigh feeder or solids flow meters 
with prefeeders 

Annexure 2 Table 1.3 Contd .... 



Sr. No. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Process 

preheater 

calcining 

clinkering 

clinker cooling 

coal grinding 

cement grinding 

cement packing 
loose cement 

cement 
despatches 

Wet Semi Wet Semi Dry Dry Dry with Calciner 

calcinator travelling grate travelling grate suspension preheater or shaft kiln 
preheater or 
suspension 
preheater 

rotary long kiln rotary short kiln 

preheater or 
suspension 
preheater or 
shaft kiln 

rotary short kiln 
shaft kiln 

rotary short kiln 
rotary long kiln 

calciners in or off 
line 

rotary short kiln 

common to all; rotary and planetary coolers for small plants - now almost discarded; 
reciprocating grate coolers of various designs like static grate, controlled flow grate 

pendulum cooler cross bar cooler etc. 

Following processes are common to cement plants of all types differing in scale according 
to size of plant 

ball or vertical mills with drying facilities 

ball mills in closed circuit and high efficiency separators 
vertical mills with external circuit and high efficiency separators 

roller press and ball mill and high efficiency separators in a number of ways 

rotary or stationary packers to pack cement in jute/paper bags 
cement sent in bulk in bulk carriers by road byships etc. 

by road or rail of bagged cement using semi or fully mechanised loading machines 
also by ship loads for export 
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CHAPTER 2 

2.1 Cements 
"Cement" is a general nomenclature and is known all 
the world over as Ordinary Portland Cement (OPC). 
Over a period of time, Special Cements have been 
developed to suit specific needs of construction. 
Further for specialized heavy duty applications cements 
that develop higher strengths in shorter time and with 
low evolution of heat have also been developed. 

OPCs 
In "OPC" itself there are three grades now in the 
Indian context 

1. OPC - 33 Grade - BIS Ref. - IS 269 

2. OPC - 43 Grade - BIS Ref. - IS 8112 

3. OPC - 53 Grade - BIS Ref. - IS 12269 

Broadly speaking 33, 43 and 53 grade cements 
develop 330, 430 and 530 Kg/cm2 compressive 
strengths after 28 days. 

2.2 Other OPCs 
Other types of OPCs are : 

1. High early strength cement 

2. Rapid hardening cement 

3. Oil well cement 

4. Low heat cement 

5. White cement 

2.3 Blended Cements 

BIS - Ref. 

IS - 8041 

IS - 8229 E 

IS - 269 

IS - 8042 

Apart from the OPC's - "blended" cements have also 
been developed. Blended cements serve two purposes: 

1. Conserve clinker and hence limestone deposits 
of cement grade. 
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2. Use "waste materials" of other industries and 
thus help in keeping environment cleaner. 

Principal blended cements are : 

1. Blast Furnace Slag Cement (BFSC) 

IS - 455 

2. Portland Pozzolana (Fly Ash) Cement (PPC) 
IS - 1489 

Blended Cements can meet requirements of OPC 
but have an additional advantage that they give out 
'less heat' during hydration and hence are well suited 
for "mass constructions" like dams. 

There were some prejudices about "blended 
cements" the principal being that they were 
'adulterated' hence "inferior" compared to pure OPe. 
If properly made by choosing blending materials of 
right qualities and used in specified proportions, they 
are not "adulterated" cements. 

2.4 Detailed Specifications of Various 
Types of Cements 

Detailed of specifications of these various types of 
cements are covered in respective Standards 
mentioned above. These standards specify physical 
and chemical properties that the respective cements 
should possess. 

Further each Country has its own Standards. It is 
useful to know corresponding Standards for given 
type/s of cementis of different Countries. 

Each of these types of cement meets specific needs 
and should really be used for the purposes for which 
they are developed. 
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2.5 Special Cements 
Special cements like 'Oil well cement' and 'White 
Cement" have limited demand and hence the plants 
producing these would necessarily be smaller in size 
in comparison to OPC Plants. The price that special 
cements fetch can still make them viable. But obviously 
plants producing them will come up at irregular 
intervals. 

2.6 Making Different Types of Cement 
All these types of cements with the exception of 'White 
Cement' require basically same raw materials and use 
the same manufacturing process. Hence any cement 
plant in principle can produce all types of cements with 
existing facilities but at somewhat different capacities. 

However, there would be small differences in 
qualities of materials. 43 and 53 grade cements require 
comparatively higher grades of limestone and are 
generally ground finer. So the cost of production is 
slightly higher. 

Hence, where there is no need to use cements of 
43 and 53 grade when strengths required do not 
warrant them, it is wasteful to use them in terms of 
natural resources and power. However, forces of 
competition have driven entrepreneurs to market 
53-grade cement regardless of applications. 

2.7 White Cement 
'White Cement' requires special lime stones with 
negligible iron content, which causes pigmentation or 
colouring. Till a few years back, white cement was 
produced by using oil as fuel so that ash from coal 
would not discolour it. With reduction in fuel 
consumption, by using multistage preheaters, and 
quenching coolers, coal can now be used as fuel. 
Clinker is rapidly quenched in reducing atmosphere to 
avoid oxidation and hence coloring. Special silica stone 
liners and grinding media are used in grinding mills to 
maintain 'whiteness'. 
See Fig. 2.1. 

2.8 Slag Cement - BFSC 
Blast Furnace Slag, a waste product of Steel Industry 
has 'hydraulic properties' of hardening like Cement 

clinker and hence serves as an ideal 'blending' material 
so much so that slag and clinker can be mixed in 
proportions of 60 : 40 and ground with gypsum to make 
slag cement. Thus a million ton slag cement plant needs 
to install a kiln of only 1500 tpd capacity. 

2.9 Pozzolana Cement - PPC 
'FI y Ash' collected from exhausts of power plants using 
high ash fuels is another material which serves as a 
'blending material' but to a smaller extent of 
25-30 % only. 

There are other natural pozzolanic materials and 
clays burnt bricks among them, which also serve as 
blending materials for producing Portland Pozzalona 
Cements. 

2.10 Tables of Specifications and Properties 
Tables 2.1 to 2.5 furnish specifications and properties 
of different types of cement, raw materials and blending 
materials. 

Table 2.1 

Table 2.2 

Table 2.3 

Table 2.4 

Table 2.5 

2.11 

Principal Types of Cements. 

Properties of different types of 
Cement. 

Typical compositions of different 
Cements. 

Typical compositions of slag and fly 
ash. 

Typical chemical compositions of 
lime stones and correcting 
materials. 

The entrepreneurs would make up their mind as to 
what cements they would like to produce taking into 
account, various technical and commercial factors. 

It stands to reason though that wherever there is a 
possibility to make blended cements due proximity to 
steel plants or large thermal power plants, they should 
design the plant for making blended cements as capital 
cost of investment per ton of installed capacity would 
be substantially less compared to OPC of the same 
capacity. 
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Table 2.1 Principal Types of Cements and their uses. 

rJ). 
('t) 

Sr.No. Type of cement Short Name Salient Properties Uses ~ .... _. 
Q 

= 1 rapid hardening cement RHC similar to OPC; ground where speed of construction is .... 
finer; develops strengths important OJ 

more rapidly )-
en -n 

2 sulphate resistant cement SRC composition adjusted to for lining of canals, culverts and en 

give increased resistance where construction is exposed 
to sulphate bearing waters severe alkali conditions. 

3 low heat cement LHC composition reduces heat for constructions involving mass 
of hydration; strengths concrete like dams 
developed more slowly 

4 high alumina cement made by sintering limstone where speed of work is most 
and bauxite;develops important like roads in cities 

strengths rapidly approaches and casting piles 
final strength in 24 hours 

5 oil well cement cement of special chemical for cementing steel casing of 
composition; rather coaresly walls of bores 

ground 

6 white cement WPC very low < 0.4 % iron oxide white in color; used for 
decorative purposes, mosaic 

tiles; cement paints 

7 pozzolana cement PPC has low heat of hydration for mass concrete 

8 blast furnace slag cement BFSC low heat of hydration; is also used for dams and other 
more sulphate resistant water retaining structures 

9 early strength cement used in constructions where 
shuttering is required to be 

removed early; in construction 
of silos with slip form shuttering 



Annexure 2 
Table 2.2 Detailed properties of different types of cements. 

Sr.No. Type of Cement Short B.I.S. Year Modulii Chemical Requirements Fineness Compressive Strength 
Name Standard MgO S03 I.R. L.0.1. Sulphur Blaine < days--> 

No. % max. sq.cm/gm 3 7 28 
liS min. kg per sq.cm, min. 

Ordinary Portland 
Cement O.P.C. 

33 Grade 33 269 1969 LSF 0.66-1.02 6 2 5 <2.75 2250 160 220 330 
A/F> 0.66 

43 Grade O.P.C. 
43 8112 1976 LSF 0.66-1.02 6 2.5-3 2 5 2250 230 330 430 

A/F> 0.66 

53 Grade O.P.C. 12209 1987 L.S.F 0.8-1.02 6 2.5-3 2 4 2250 270 370 530 
53 A/F> 0.66 

2 Low heat cement LHC 269 1976 LSF 0.66-1.02 3200 100 160 350 
A/F > 0.66 

3 Rapid hardening RHC 8041 1978 6 2.5-3 4 5 3250 275 
cement ~ 

":5 
SRC DOCI 6 2.5 4 5 2250 102 163 337 

~ 
4 Sulphate resistant "" cement BDC2 ~ 

4335 <J 
~ 

5 High alumina ~ 
~ 

cement 6452 1972 2250 350 ;: 
1::i 

6 Oil well cement 8229 E 1976 5 2.5 0.75 3 ~ 
~ 

7 White cement WPC 8042 1978 6 2.75-3 2 2250 144 198 297 
~. 

'"i:l 

8 Puzzolana portland 
(3 

":5 
cement PPC 1489 1991 6 3 3000 160 220 330 ~ 

:t fly ash not < 10, nor ~. 

> than 25 % "" $:l 
;: 

9 Blast furnace $:l.. 

slag cement BFSC 455 1976 8 3 2.5 4 1.5 160 220 ~ slag not < 25,nor ~ 

"" > 65 than 65 % 

Note: Though fineness has been mentioned as 2250 blaine, minimum, in many cases, very rarely cements are ground to less than 
2700 blaine; ppc is ground generally to 3200 blaine and slag cement to 3400 blaine. ..... 

C1I 
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Sr.No. 

1 

2 

3 

4 

5 

6 

Annexure 3 

Table 2.3 Typical chemical compositions of different types of cements. 

Compound OPC Slag Cement High Alumina White Cement 
Cement 

< % 

Si02 19-24 24-30 7-17, 23-25 

AI20 3 4-9, 7-16, 35-50 4.5-7 

Fe20 3 1.6-6 1-3, 6-12, 0.2-0.5 

CaO 60-67 43-35 36-47 65-67 

MgO not> 5 not> 6 not> 2 0.8-1.5 

S03 not> 3 not> 4 not> 0.5 0.5-1.0 

Annexure 3 

Table 2.4 Typical compositions of Blast Furnace Slag and Fly Ash used to make 
Slag and Pozzolana Cements respectively. 

Sr. No. Compound Slag Fly Ash 

< % > 

Si02 30-40 45-55 

2 AI20 3 8-18 25-30 

3 Fe20 3 0.5-1 5-10 

4 Cao 30-40 2-6 

5 MgO 0-8 2-3 

6 S03 0.2, 0.5-3 

> 
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Table 2.5 Typical chemical compositions of Lime stones and correcting materials. 

Sr. Description Lime- Sea Clay Shale Bauxite Laterite Iron Sand Coal 
No. stone shells ore ash 

~---------------------- %-------------------------~ 

1 5i02 8-13 0.5-2 40-70 40-80 5-15 10-30 5-10 55-95 50-70 
2 Ab03 1-4 0.5-1 15-30 15-30 40-55 20-40 2-5 2-5 15-30 
3 Fe203 0.2-5 0.1-0.5 3-10 3-10 2-10 20-40 85-95 1-3 5-10 
4 CaO 40-50 53-55 1-10 1-10 2-4 2-4 Trace 1-3 2-5 
5 MgO 0.2-4 0.5-1 1-5 1-5 1-2 1-2 Trace 1-3 1-3 
6 Alkalies 0.2-1 0.3-0.5 1-4 1-4 Trace Trace Trace 1-2 2-4 
7 Chlorides 0-0.1 0.2-0.5 Traces 
8 503 0-1 0.1-0.3 Traces 1-3 
9 L.O.!. 35-40 42-45 5-15 2-5 20-30 15-25 0-5 2-5 0-2 



CHAPTER 3 

PROCESSES OF MANUFACTURING OF CEMENT 

3.1 Process of Making Cement 
Cement is a good example of developments in 
manufacturing processes used to make a product, which 
by itself has not changed much. 

Developments in processes of manufacture of 
cement are reflections of the needs of the periods such 
as scale of production, product quality and specific 
consumption of thermal and electrical energy to 
produce it. 

3.2 Predominance of Wet Process 
A developed country like America persisted for a long 
time (compared to Europe) with the wet process of 
manufacture of cement because of : 

1. Alkaline aggregates that were used in 
Construction Industry in America. 

2. Higher requirements of manpower. 

Till about middle of 20th century, power and fuel 
were cheap. There was no oil crisis. America used oil 
as fuel even in wet process plants, which required 
1300-1500 KcaUKg clinker, fuel consumption. 

Labour costs used to be higher than power costs. 
Therefore 'simple' wet process, which did not have 
too many 'auxiliaries', was preferred. 

Another fact on account of which 'wet process' 
had a long innings was the ease with which constituents 
of raw mix feed to kiln could be blended and 
homogenized in a 'slurry' form. 

3.3 Marginal grade Limestone 
and Froth Flotation 

Decades ago even when cement plants were few and 
high quality limestones were readily available, marginal 
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grade limestones was sought to be used to make cement 
by 'enriching' them. The 'froth flotation' process used 
to enrich limestone, removed silica from limestone and 
thus increased the carbonate content. This process 
required 'slurry' with moisture content of36-38%. The 
slurry was agitated and aerated in cells with additions 
of doses of chemicals that removed 'silica' in a 'froth' 
form. 

Naturally therefore where it is proposed to use 
limestone of marginal grade 60-70% CaC03, wet 
process of grinding and formation of slurry was a 
necessity. Therefore in the past, wet process kilns were 
used to make cement from marginal grade limestones. 

3.4 Dry and Semi Dry Processes 
Dry process has evolved with time. The first cement 
was produced by dry process. White cements were 
produced by dry process. Initially dry process kilns 
were long kilns with chain systems like wet process 
kilns. Chains had to be of heat resisting steels. 

However as sizes of plants increased due to growth 
in market and importance of blending to mix uniform 
raw mix was realized, the wet process took over as 
the main process used for manufacture of cement and 
continued to do so for almost half a century. 

3.4.1 Semi Dry Process 
Semi dry process was developed to make cement in 
early 40's of the last century. It took two routes: 

(i) Development of shaft kiln that could use low 
volatile fuels. 

(ii) Lepol Grate Preheater followed by a rotary kiln. 



3.5 Dry Grinding and Blending 
As a corollary two developments became necessary : 

1. Drying and Grinding of Raw Materials in 'Dry 
Grinding'. This was not difficult as coal mills 
and cement mills were already dry grinding mills. 
Hence, same ball mills could be used to grind 
materials dry. 

2. Blending Dry - As a result of dry grinding it 
became necessary to blend dry ground fine 
powders. Development of 'fluidization' 
techniques resulted in 'Airmerge blending' 
systems - first 'batch' systems and then 
'continuous' systems. Air was used as medium 
which 'fluidized' or aerated raw meal and 
created different densities cyclically within the 
sections of silos. This resulted in internal flows 
and circuits within the silo that thoroughly mixed 
the raw meal. In continuous blending, it helped 
to break and mix layers of raw meal in the silo. 
Filling, mixing and extracting operations took 
place simultaneously. 

Dry process or semi dry process became a reality 
after dry blending and pneumatic conveying was 
developed. 

3.6 Semi Wet Process 
Many Paper and Fertilizer plants produced calcium 
carbonate sludge as byproduct. It could be used to 
make cement with small corrections for composition 
and fineness. 

In early days, wet process was used to make cement 
from such sludge. Filter presses reduced the moisture 
in sludge which was subsequently treated in a long 
wet kiln. 

Now 'Semi wet' process would be used to produce 
cement. In this process preparation of materials is wet 
just as in regular wet process. Slurry produced is 
passed through filter presses to reduce moisture to 
15-17 %. Cake so produced would be passed through 
either: 

1. an extrusion press and made into briquettes 
which would be dried and preheated in a 'Lepol' 
preheater as in semi dry process. 
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or 

2. a disagglomerator and flash drier and would be 
preheated in a three stage preheater as in case 
of dry kilns with cyclone preheaters. 

3.7 Preheaters 
The next stages in development were : 

1. Traveling grate preheaters. 

2. Suspension Preheaters 

The long dry kilns - performed all functions or 
processes like preheating, calcining and sintering within 
themselves. Though shorter than long wet kilns which 
had a length to diameter ratio (lid) of 30-35 : 1, long 
dry kilns still had lid ratios of 25-30: 1. 

3.7.1 Lepol Grate Preheater 
"Lepol Grate' was a traveling grate preheater which 
was used to dry granules formed in a granulator by 
adding 8-10% water to dry pulverised raw meal. 

Lepol grate preheater took away the function of 
'preheater' out of the kiln. Kiln thus became much 
shorter - lid s were ~ 18 : 1, or less. 

3.7.2 Suspension Preheater 
Suspension Preheater - 4 stages to start with - used 
kiln exit gases to 'preheat' dry raw meal, when 
suspended in hot gases. Cyclones arranged one over 
the other received raw meal in connecting ducts. It 
was carried by kiln gases coming from lower stage to 
the upper stage; in transit, raw meal received heat while 
gases lost it. In cyclones, raw meal was separated 
from gases, then this meal entered the duct of the lower 
stage. Thus in stages, kiln exit gases lost temperature 
from 1000 °C to 340°C and raw meal got preheated 
from 60-80 °C to 800°C. In the process, raw meal 
entered the kiln partially calcined (25-30%). Thus kiln 
became ever shorter as it had to do only balance 
calcining and sintering. Kiln lengths were reduced to 
14:1 to 16:1. 

Suspension preheater was an epoch making 
development in making of cement and all plants which 
can use dry process, now use suspension preheaters. 

Plant sizes jumped from 300 tpd to 1200 tpd. In 
wet process, sizes of kiln almost peaked at 1000 tpd 
though there were some exceptions. 
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3.8 Clinker Coolers 
Clinker coming out of the kiln had to be cooled to 
temperatures at which it could be handled by the then 
available conveying equipment like pan, drag chain 
conveyors and by even belt conveyors. 

3.8.1 Rotary and Planetary Coolers 
In early stages rotary coolers were used to cool clinker. 
Cooling air was heated to temperatures of 
approximately 600°C for burning as secondary air in 
the kiln. 

To avoid a separate rotating cylinder, a ring of 
concentric tubes attached to the kiln itself at discharge 
end served as coolers called Planetary Coolers. In this 
type too, cooling air served as secondary air for 
combustion 

3.8.2 Grate Coolers 
In grate cooler, which consisted of a 'reciprocating 
grate' it was possible to add more cooling air to cool 
clinker quickly and to temperatures lower than 100°C 

Only air required for combustion entered the kiln; 
the balance was vented out. 

Reciprocating Grate cooler was another break
through which helped to reduce fuel consumption of 
clinkering process because of better recuperation or 
recovery of heat from hot clinker. 

Lepol grate used as preheater was also used for 
cooling clinker but did not become very popular. 

3.9 Increase in Size of the 
Cement Plant - Large Kilns 

1950s and 60s saw great strides in sizes and capacities 
of individual kilns. In Europe and Japan kilns of 
2000-3000 tpd came to be installed. In Japan this limit 
was crossed and kilns as large as 7000-7500 tpd with 
diameters of +5 meters were operating. 

At this point it was realized that kilns larger than 
this diameter had shorter brick life and gain in capacity 
tended to be lost due to lesser number of working 
days. 

3.10 Calciners 
At this juncture another epoch making development -
that of 'calciner' - took place. Calciner carried out 
the process of calcination outside the kiln almost up to 
90%. The kiln was thus liberated from the task of 
calcination and hence the same kiln could achieve 
2-2 V2 times more production. The total fuel was divided 
between kiln and calciner; kiln receiving only 40-50% 
and calciner receiving 60-40%. 

The same kiln thus jumped in capacity and hence 
many existing pre heater kilns were converted into 
calciner kilns. Particular beneficiaries were small plants 
of 300 tpd in this country. After installing calciner, their 
capacities have been raised to 800 t.p.d. and above. 

3.11 Technical Collaborations 
India had Technical Collaborations with World's leading 
Process designers and Machinery Manufacturers of 
Cement Plants since early Sixties. But rate of transfer 
of 'Know how' was rather slow in the decades of 
sixties to eighties. After that due to policies of 
liberalization, the rate of transfer of technology 
accelerated greatly. New developments in Process and 
Machinery were soon available either by way of 
importing machinery or by way of fresh Collaborations. 
Thus Calciners of various designs came to be installed 
in the country from early eighties. Plants with Vertical 
Roller Mills and Roller Presses also came up in the 
country since late eighties. Cement Plants became 
modem in every sense and plants that have come up 
since nineties can compete with the best plants in 
developed countries. 

3.12 Various Processes, Machinery 
and Size of Cement Plant 

In a way process and machinery to be selected were 
related to the size of the plant. Equipment like Vertical 
Roller mill and process like Continuous blending could 
be afforded by large plants. In each type of machinery 
also there were several options: for example in vertical 
mills there were options like external circuit and mills 
fitted with high efficiency separators. Such diverse 
possibilities have been summarized briefly in Table 3.1. 
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Annexure 1 

Table 3.1 Summary of Developments. 

Section 1 2 3 

Quarrying Operations Manual Semi-Mechanised Mechanised 

Hand drilling and breaking Pneumatic & hand Pneumatic drilling; 
of stone, manual loading of drilling; shovels and dumpers 

stone used to load stone; 
stone size still 

capacity of shovels 
small - 300 mm- loaded 

in 
gone up to 4-5 m3 ; 

trucks manually 
and 

that of dumpers to 
50-100 tons 

Crushing 

Single stage Two stage Three stage 
Hammer; Jaw crusher; jaw crusher 

double rotor gyratory/cone crushers; gyratory 
hammer crusher; Hammer; Hammer/ impact; 

impactors for Impactor; tertiary crusher; 
vertical mills (for ball mills) (for ball mills) 

Raw Mills 

Ball mill Vertical roller mill 
wet grinding drying & grinding 

with built in separator 

Ball Mill Vertical roller mill 
dry grinding closed with external circuit 

circuit with separator built in separator 

Ball Mill Vertical roller mill 
Dry Grinding with external circuit and 

Closed Circuit High efficiency separator 
High efficiency Separator 

Roller press with ball mill Roller press and 
And high efficiency disagglomerator and 

separator High efficiency 
separator 

Horizontal roller mill 
And high efficiency 

separator 

Dry Grinding 
Blending and Wet grinding Raw meal 

storage slurry Air merge blending system 
Aeration in silos Batch blending I Continuous blending 

Annexure 1 Table 3.1 Contd ..•. 
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Section 1 2 3 

silos Slurry silos Double decked Storage cum blending 
Slurry Silos Blending and storage Silos large capacity 

silos 15000 t onwards 

Kilns Wet- Long Dry Semi-dry 

Wet - Calcinator kilns Long Kilns Shaft kilns 
Semi wet process Short kiln and pre heater 

preheaters Wet short kiln with Suspension preheater Lepol grate 
Filter press and 

calciners Preheater and calciner Short kiln with 
Preheater and calciner 

Grate-travelling 
Coolers Rotary Planetary Grate- reciprocating 

Old & New Conventional 
Static grate 

Suspension pendulum 
Cross bar cooler 

Coal Grinding Ball Mill Vertical Mill 
Air Swept drying and Ring ball Mill 

grinding Vertical Mill roller 
cyclone separator Built in separator 

Bag filter I esp to collect 
product 

Cement Grinding Open circuit Closed Circuit Vertical mill 
High efficiency 

Long Cement Mill Cement Mill Separator 
Conventional separator I Mill with external 
High efficiency Separator circuit 
Roller press with ball mill 

and High efficiency 
separator 

Cement Storage Silos Multi compartment 
Silos 

Packing Stationary packer Rotary packer Rotary packer 
1 or 2 loading points Electronic weighing 

Loading and Manual loading Mechanized loading Automatic feeding of 
Dispatches of bagged of trucks and wagons Packing machines and 

cement Mechanized loading of 
Trucks and wagons 

Bulk handling of Loading of bulk carriers Bulk dispatches by 
cement on road and rail ship 



CHAPTER 4 

SELECTION OF PROCESS AND MACHINERY 

4.1 Wet Process Unlikely to be 
Selected in Future 

Unadulterated wet process would hardly be used in 
future. 

Wet process by itself is unlikely to be used hereafter 
even where raw materials are available in a slurry form 
like waste 'by products' of fertilizers plants and paper 
mills. Even for such situations, as mentioned in 
chapter 3, 'Semi Wet' route would be used in future. 

As high grade limestones are used up it may become 
necessary to use low grade and hence in future we 
may have to go back to 'semi-wet' process. 

On the other hand 'semi dry' process is not at all 
likely to be used in future to make use of low grade / 
marginal limestones because 'enrichment' is presently 
not known in dry process. 

4.2 Using Sweeteners 
If a quarry contains deposits with marked variations in 
CaC03 content, 'blending' of high and low grade 
limestones would be resorted to get raw mix of correct 
composition. 

If the 'high grade' available, is not sufficiently high 
then 'sweetener' would be added. This may be 
required to be brought in from distant sources. 

In normal course, limestones containing say + 80 % 
Carbonates when mixed with clays containing 20 % 

carbonates in proportion of :::: 94 : 6 would yield raw 
mix containing 76 % Carbonates. 

If the deposits have substantial quantities of 
limestone with 75% carbonates, attempt should be made 
to use it by blending the two grades with a 'sweetener' 
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of say 90 % carbonate brought from outside. In this 
instance, 75 % and 90 % grades blended in the ratio of 
2 : 1 would yield a blend containing 80 % carbonates. 

4.3 Froth Flotation Process for 
Enriching Limestone 

However there is a limit to the minimum grade of 
limestone, which can be used in this fashion. But by 
using 'froth flotation' process it would be possible to 
use limestone containing 65-70 % CaC03. In such 
circumstances, wet process would have to be selected 
for grinding and 'semi wet' for pyroprocessing. 

4.4 Dry Process 
Dry process is suitable for almost all limestones except 
when they contain alkalies higher than 3-3.5% and 
chlorides higher than 0.03%. 

This is because in a preheater kiln, in the riser duct 
between kiln and bottom cyclone and in the bottom 
two cyclones, alkalies and chlorides go into cyclic 
evaporation and condensation. They need to be 
absorbed by sulphur in coal to form sulphates. 

If the alkalies continue to condense, they form 
coatings on the walls of preheater cyclones and in the 
riser duct between kiln and in the duct between two 
bottom cyclones and thereby restrict passage of gases 
through the system. 

The coatings soon assume massive proportions and 
literally choke or throttle the preheater kiln system. 

4.4.1 Alkali Bypass 
If a quantity of gases at kiln exit is 'bypassed' that is 
removed from the system, then the rate of formation 
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of coating is greatly reduced and it is then possible to 
run the kiln on a continuous basis. 

With Precalciner this problem is greatly reduced 
as only 40-50% of gases pass through kiln and balance 
through precalciner - where temperatures are lower 
than at kiln inlet. 

See a note on 'Alkali Bypass' in Annexure 1 

Thus a calciner makes it more feasible to use 
difficult raw materials containing high alkalies and 
chlorides. Much smaller quantity of gases is required 
to be 'bypassed' and cost of by passing, cooling and 
passing through an ESP is much reduced. Increase in 
fuel consumption is also much less. 

4.4.2 
For all these reasons the predominant process of 
manufacture of cement in future would continue to be 
dry process using 'preheater, ca1ciner, kiln and grate 
cooler combination' . 

4.4.3 
Grate cooler helps in supplying air for combustion 
separately to calciner whether 'in line' or 'off line' 
type according to the quantity required for combustion 
in it. 

4.5 Kilns with Planetary Coolers 
It is possible to a limited extent to draw air for 
combustion that would be required to bum fuel to be 
fired in calciner, through the kiln, but this quantity is 
limited to about 30% only. Beyond that, it cools down 
combustion zone and increases velocity of gases 
through kiln requiring a bigger kiln for the same output. 
Therefore kilns with planetary coolers and 'air through' 
ca1ciners would also be seldom used or selected 
particularly for new installations. 

4.6 Equipment and Processes for the Future 
Table 4.1 in annexure 2, shows fuel and power 
consumption for different processes and for different 
types of mills used for grinding. It brings out the 
differences and it would be seen that : 

1. mechanized mining 

2. single stage crushing and stacker reclaimer 
systems 

3. vertical mills for drying and grinding all three 
materials viz. raw materials, coal and clinker 

4. 6 stage preheater, kiln, ca1ciner and grate coolers 
with static grates, pendulum and cross bar 
coolers 

5. continuous blending systems 

6. mechanized loading of bagged cements and 
more and more dispatches of bulk cement 

would be the most preferred processes and 
systems in cement plants of the future. 

However, size of the plant which in tum depends 
on availability of funds, may tilt the balance in favour 
of ball mills which are much cheaper in first costs than 
vertical mills for plants upto 1000 tpd capacity. Even 
small plants are installing vertical mills for making slag 
cement. 

For higher capacities, vertical mills will be used 
almost always for grinding raw materials and coal and 
increasingly for cement grinding. 

Older large plants have conventional machinery; 
newer plants have the latest energy saving equipment 
like vertical mills for cement and static grate coolers. 
Table 4.1 in Annexure 2 furnishes salient features 
of large and small plants including operational 
parameters. 
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Annexure 1 

Note on Alkalies and Chlorides and Bypass 

1.0 Alkalies and Chlorides 
Minor components in raw mix like alkaies and chlorides 
evaporate in burning zone and condense when cooled 
at kiln inlet and in riser pipe from kiln. Repeated cycles 
of evaporation and condensation result in increasing 
internal circulation till eqUilibrium is reached. 

Compounds involved are mainly of Potassium, 
Sodium, Chlorides and Sulphur 

All compounds, not removed, end in clinker and 
affect its properties. 

When escaping through gases there are problems 
of disposal of dust. Operational problems occur when 
circulating compounds reach high concentrations in the 
system. 

1.1 Evaporation of Alkalies and Chlorides 
Chlorides evaporate almost totally and they facilitate 
evaporation of alkalies; Sulphur retards evaporation 
of alkalies. 

Practical limits of alkalies and chlorides in raw mix 
feed to preheater kiln is 1.5% Alkalies and 0.03 % 
chlorides. If alkalies do not combine with S02 coming 
in with fuel and raw mix, heavy condensations take 
place chiefly in the riser duct from the kiln and in 
between the last two cyclones. They increase to such 
proportions as to choke flow of gases and affect kiln 
production. 
See Fig. 4.1. 

pI 
1 Riser duct 

I calciner 
Fu~ = • 

Fuel / (' --+ rY-
/ ~ 0 

+-- • 
Kiln 

/ ~/ / / / / Sulfate Chrolide 

g/kg clinker 

I Cooler Input raw 
material 2.14 0.2-1.3 

Clinker Air 
Kiln inlet 3-37 6-51 

Circulation factor 2-3 30-50 

Fig. 4.1 Cycles of alkali sulphates and alkali chloride between Kiln and preheater. 
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1.2 Overcoming Effect of Alkali Cycles 
One way to overcome this is to by pass part of the kiln 
gases at kiln inlet. However bypass increases sp. fuel 
consumption. Practically it is feasible to remove about 
25 % gases maximum. Such a large quantity of bypass 
will increase fuel consumption by 100 to 125 kca1/kg 
of clinker. 

1.3 Alkali Cycles in Calciner Kilns 
With preca1ciner kilns only 40 % gases pass through 
kiln and k-line preheater. Therefore problem is very 
much reduced and hence it is now possible to use 
materials with high alkalies and chlorides in pre heater 
kilns. If 10 % by pass was necessary as a preheater 
kiln, only 4 % would be necessary as a ca1ciner kiln 
and increase in sp. fuel consumption would be limited 
to 20 kca1/kg of clinker. 

1.4 Provision for ByPass 
Bypass is taken at kiln inlet. Temperature of gases 
here is ~ 1000 dc. Gases need to be cooled either by 
air or in a gas cooling tower before they can be handled 
in a dust collector. An ESP would be used to collect 
the dust contained in them. 

However it is possible to precipitate dust in separate 
cyclones and take gases back to preheater stream in 
between first and second stages. 

1.5 Return of Collected Dust 
When dust is collected in a separate ESP, it may be 
possible to return it to the system; however, if the 
concentrations of chlorides are very high, then it would 
have to be thrown out. 

1.6 Choosing Process to Suit Raw Materials 
Thus raw materials and fuel both need to be carefully 
assessed at planning stage and when selecting the 
process. Some limestones - those that are sedimentary 
deposits in or near the sea will naturally have more 
chlorides. In some situations they must be used. Then 
the kiln must be a precalciner kiln restricting flow of 
gases through kiln to 40 %. 

Layout must be designed to allow for above 
mentioned auxiliaries when a by pass has to be installed 

See Flow Charts 4.1 and 4.2 showing arrangements 
for providing alkali by pass. 



Flow chart. 4.1 

Flow chart. 4.2 
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1 Kiln 
2 Preheater 
3 Alkali by pass 

extraction of gases 

4 Cold air fan 
5 Cyclones 
6 Gases fed back to system 
7 Collected dust 
8 Main preheater fan 

Alkali by pass arrangement - 1 Gases withdrawn are fed back to the system. 

1 Kiln 
2 Preheater 
3 Alkali by pass 

extraction of gases 
4 Gas coditioning tower 
5 Water spray 
6 ESP for extracted gases 
7 Fan for ESP 
8 Collected dust can be 

recycled or thrown out 

9 Main preheater fan 

Alkali by pass arrangement - 2 Gases withdrawn are cooled & passed through separate ESP. 
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Annexure 2 

Table 4.1 Fuel and power Comsumption in Large and Small Plants. 

Sr. No. Section (1) (2) (3) 
1 small plant 2la~e plant 3la~e plant 

Sp. power consumption kwh/ton cement 
1 Crushing 

Single stage yes 2.5 yes 2.5 
Two stage yes 3.5 

2 Raw mill 
Ball mill yes 25 
Vertical mill yes 20 yes 20 

3 Batch I continuous 5 4 4 
Blending and yes batch yes cont. yes cont. 
Kiln feed blending blending blendinQ 

4 Pyroprocessing 
5stage preheater yes 25 
conventional cooler 
6stage pre heater yes 25 yes 25 
static grate cooler 

5 Coal crushing 
Grinding 
Vertical mill yes 6 yes 6 yes 6 

6 Cement mill 
Ball mill yes 30 
Roller press and ball mill yes 26 
Vertical mill yes 24 

7 Packing despatches yes 1.5 1 es 1.5 1 es 1.5 
8 Miscellany es 5 yes 5 yes 5 

Total 101 90 88 
Sp. fuel consumption kcal/~ clinker 

Pyroprocessing section 
5stage pre heater yes 750 
conventional cooler 
6stage pre heater yes 720 
conventional grate cooler 
6 stage preheater static yes 700 
grate cooler 



CHAPTER 5 

RAW MATERIALS, ADDITIVES AND FUELS 

5.1 Raw Materials for Making Cement 
In Chapter 2, different types of Cements and their 
properties were seen. Cement concrete is 'synthetic 
rock' made up by processing raw materials like 
limestone, clayey materials and ferruginous materials 
in proportions that would yield clinker of suitable 
quality- after going through processes like calcining 
and sintering. 

Very few materials will be 'natural rocks' which 
would have same chemical composition as that of 
clinker after processing. 

Therefore it is necessary to make a 'raw mix' of 
suitable composition by 'blending and processing' two 
or more suitable materials in right proportions. 

5.2 Constituents of Raw Mix 
and their Proportioning 

As mentioned above. limestone. and clay, sand and 
iron ore or laterite are usual components of raw 
materials which when added in suitable proportions 
and ground produce 'raw mix' . 

5.2.1 Limestone 
Quarries hardly ever contain limestone of uniform 
grade. Different sectors contain carbonates in different 
proportions. Sometimes the difference is marked; so 
as to call them 'high' and 'low' grade limestones. 
To conserve high grade limestone it will be blended 
with low grade. 
See para 4.2 in Chapter 4. 

Thus limestone. the principal constituent itself could 
be of two grades. 

5.2.2 Silica and Alumina 
Other major constituents are silica and alumina which 
can be added by way of sand or clayey material and 
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bauxite. Most limestones contain both silica and 
alumina. The 'additives' as these 'correcting' materials 
are called are added to limestone/s in suitable 
proportions to produce 'raw mix' of the desired 
composition. 

5.2.3 Iron Oxide 
Iron oxide is obtained by adding iron ore or laterite in 
small quantities usually 1-2 %. 

5.3 Proportioning Constituents 
How to arrive at these proportions is decided by 
following certain norms and applying certain yard
sticks. These yardsticks are : 

Hydraulic Modulus or Lime Saturation Factor 

Silica ratio 

Alumina ratio. 

5.3.1 Correcting Materials 
Depending on the representative composition of 
principal raw material that is limestone, suitable 
correcting materials are obtained. Normally there would 
be 3 materials so blended viz. limestone for CaO, clays 
for Silica and A120 3; and iron ore/ laterite for Fe20 3. 

When individual compositions of the constituents 
are available. their proportions with one another can 
be calculated. 

5.4 Composition of Clinker 
Clinker should also have, complex compounds. that are 
formed during the process of sintering, in certain 
proportions to obtain desired strengths in cement; they 
are C3S and C2S and C 4AF. 
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Free lime in clinker should also be limited to less 
than 1.5 %. Burnability factor is another yardstick 
which furnishes information on temperatures to be 
maintained in the burning zone to limit free lime to 
desired values. 

5.5 Quality Control 
Quality Control in manufacture of cement is a highly 
specialized field and is not the subject of this book. It 
is touched upon to highlight their impact on design of 
Plant and machinery in a cement plant. 

Table S.2 in annexure 1, lists the various pertinent 
quality control aspects with their definitions and the 
ranges in which they should be maintained to produce 
clinker and cement of good quality. 

For a plant designer it is sufficient at design stage 
to know the representative Chemical compositions of 
lime stones and correcting materials to be used and 
their proportions; the coal proposed to be used and its 
ash content, calorific value and composition of coal 
ash; Gypsum proposed to be used and its composition. 

5.5.1 Commonly Found Proportions 
Quarries supply limestone/so Often overburden itself 
serves as an additive to correct silica and alumina. 
Interstitial material found alongside the deposits also 
serves as correcting material. Otherwise clays and 
sand are obtained from nearby sources like sand from 
river beds. 

Iron ore or laterite is obtained from nearest sources 
of iron deposits. 

Commonly found proportions would be : 

Limestones clay iron ore 

~-----------------~--------------~ 
80 - 85 10-15 1-2 

5.6 Blended Cements 
When making blended cements compositions of fly ash 
and slag should be known so that in what proportions 
they could be added to clinker could be worked out to 
produce Pozzolana and Slag Cements respectively. Up 
to 65% slag can be added to make slag cement; up to 
30 % fly ash can be added to make pozzolana cement. 

5.7 Fuels 
Fuels supply the heat energy required to make clinker 
from raw mix. Solid fuels like coals which have ash in 
proportions varying from 10 to 40 % also influence the 
composition of clinker. 

5.S Fuel in Shaft Kilns 
Shaft kilns require low volatile coals. Presently coke 
breeze is used as fuel in them. Its volatile content is 
negligible. Coke breeze is ground with raw materials 
in suitable proportions. Ground raw meal is made into 
nodules for feeding shaft kilns. 

5.9 Fuels for Rotary Kilns 
Rotary kilns can use all types of fuels - solid i.e., coals, 
lignite and petcoke; liquid i.e., oil and also gas. 

Solid fuels are fired in pulverized form. Liquid fuels 
are atomized and fired through oil burners. They need 
to be heated to obtain correct viscosity to facilitate 
atomization. Gas - commonly natural gas is used - can 
be fired most easily. 

Liquid and gaseous fuels are uniform in physical 
and chemical properties. Ash content is negligible and 
calorific value is consistent varying only slightly in 
similar fuels. From this point it is advantageous to use 
them as fuels. Clinker of uniform quality can be 
produced consistently. 

5.10 Coals as Fuel 
Coals vary in principal properties like calorific value 
and ash content from place to place or even in the 
same place. They are more difficult to burn and quality 
of clinker produced needs to be watched closely as 
ash in coal gets almost wholly absorbed in clinker 
formed- affecting its composition thereby. As a 
corollary, to maintain uniform quality of clinker, raw 
meal composition has to be modified to counteract 
effect of coal ash. 

Oils and gas can be transported and handled easily 
as compared to coal. 

5.10.1 Preparation of Coal for Firing 
Because coal is needed to be pulverized for firing in 
kilns, preparation required for it is maximum - involving 
crushing, drying and grinding. Metering it while firing 
is also not easy. 



5.10.2 Preparation of Oil for Firing 
Oils need only heating and atomization which can be 
done by a self contained heating and pumping unit. 
Atomisation can be done by pressure or by compressed 

air. Firing and metering is easy and accurate. 

5.11 Costs of Fuels 
Cost wise oils are more expensive than coal. Let cost 
of oil be 32 rupees per litre or 0.9 kgs. Useful calorific 
value of oil is :::: 9600 kcal/kg. Therefore cost of 1 kcal 
is 0.37 paise. 

Let cost of coal be:::: 2000 Rs/ton. Useful calorific 
value is 4500 kcal/kg. Therefore cost of 1kcal is 0.048 
paise. Costs of coal as fired would be say 0.1 paise 
per kcal. Even then it is considerably cheaper than oil. 

Therefore presently coal is the dominant fuel even 
in developed countries and even in countries that have 
substantial oil reserves of their own. 

5.12 Coals 
Composition of coal is commonly expressed in two 
ways: 

1. proximate analysis which is sort of a ready 
reckoner. 

It furnishes : carbon, volatiles, moisture, ash 
and calorific value. 

2. ultimate analysis which furnishes : carbon, 
hydrogen, oxygen, nitrogen, sulphur, moisture, 

ash and calorific value. 

5.12.1 Typical Compositions of 
Coal and Coke are 

carbon 

hydrogen 

oxygen 

nitrogen 

sulphur 

ash 

moisture 

Coals coke 

~-----9b---~ 

50-90 

1-5 

2-14 

0.3-2 

0.5-4 

35-50 

2-15 

80-90 

0.4-2 

0.4-1 

8-14 

1-1.5 
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5.12.2 Typical Composition of Coal Ash is 

A1 20 3 15-2090 

Si02 25-4090 

Fe20 3 20-4590 

CaO 1-5 90 

MgO 0.5-1 % 

S03 2-8 90 

Coals normally contain 8-10 90 moisture. It can go up 
to 15 90 in wet season. Coals are therefore required to 
be dried during grinding, reducing moisture to 1.5- 2 %. 
It is not desirable to dry coals completely. 

5.12.3 Volatiles 
Loss in weight as a result of carbonization of coal under 
exclusion of air is the measure of volatile mater. 
Volatiles promote combustion in pulverized coals. 
Therefore Indian coals though they contain high ash -
more than 30 90, are not difficult to bum as the volatiles 
are between 28-30 90. 

5.13 Calorific Value of Fuels 
All fuels yield heat when burnt. Calorific value is a 
measure of heat thus available per unit weight of fuel 
(volume in case of gaseous fuels). 

There are several definitions of calorific values 
ranging from 'gross on dry' to 'net on wet'. From 
practical point, the useful calorific value is the most 
important. 

Theoretically calorific value can be obtained from 
ultimate analysis. It is readily calculated from empirical 
formulae. 

Lower heat value (LHV) = HHV (higher heat 
value) - (Vw + Fw) x R 

where V w is water generated during combustion 

Fw is moisture in fuel 

R is latent heat of evaporation of water-
539kcal/kg 

Various formulae have been furnished in 
Reference Section. 

Table 5.3 in annexure 2 furnishes empirical 
formulae for calculating calorific values of solid, liquid 
and gaseous fuels. 
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5.14 Oils 
Significant fuel oils are: 

Mineral fuel oils 

Coal tar oils 

Bituminous coal tar oil. 

Typically fuel oils contain 

Carbon 

Hydrogen 

oxygen} 
Nitrogen 

Sulphur 

85-90 % 

5-10 % 

together 3-4 % 

In some fuels sulphur may go up to 3% 

Calorific value of oils range between 8500-10000 
kcal/kg. 

Most important property of oil is its viscosity. It is 
measured on different scales in different countries. Oils 
are classified as light medium and heavy. 

5.15 Gas as Fuel 
Mostly natural gas containing ethane CH4 and Methane 
C2H

6 
in varying proportions is used as fuel. Heating 

value is in the range of 8000-10000 kcallm3 at 
;::: 16.5 °C. 

Typical properties are given in Table 5.1. 

As mentioned earlier gas does not need any 
preparation for firing in the kiln. 

5.16 Specific Fuel Consumption Obtainable 
using Different Fuels 

Relative values of sp. fuel consumption achievable 
with the three types of fuel from actual installations 
indicate that sp. fuel consumption with coal as fuel is 
lower than that for oil or gas. 

Plant 
Capacity tpd 

800 

1500 

sp. fuel consumption 
Kcal/kg 

Coal 

900 

835 

oil 

950 

850 

Flame temperature in case of natural gas is 
70-150 °C lower than that of coal. When using natural 
gas, secondary temperature must be high and excess 
air must be minimum. 

Plant sp. fuel consumption 

Capacity tpd Kcal/kg 

Coal oil gas 

800 855 900 940 

1600 715 750 835 

3500 710 740 780 

5.17 Requirements of Raw Materials and Fuel 
With these details, requirements of individual materials 
and fuels, their rates of feed and capacities of 
conveyors and feeders needed at different stages of 
manufacture can be worked out. 

Table 5.1 Typical properties of natural gas by volume. 

% 
Sr.No. CO2 N2 CH

4 
C2H6 sp. gr. Calorific value 

Air :1 kcal/m 3 

Higher Lower 

1. 0.8 3.2 96 0.57 8600 7766 

2. 1.3 80.5 18.2 0.65 10000 9118 

3. 1.1 67.5 31.1 0.71 10930 9900 
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Table 5.2 Quality Control Formulae. 

Sr No Item symbol unit formula normal range 

1.01 loss of iginition L.O.I % 37-39 
0.44CaC03 +0.524MgC03 

CaC03 0/0 

MgC03 0/0 

L.O.I. 

1.02 silica ratio (modulus) SR ratio SR=Si021 (A120 3 + Fep3) 1.2-2.4 
ave. 2.4-2.7 

Si02 
0/0 

AIP3 
% 

FeP3 
0/0 

1.03 alumina ratio AlF ratio AlF=Alp/Fep3 1.2-4.0 
ave 1.5-2.5 

AIP3 0/0 ~ 
\:l 

Fe20 3 0/0 ~ 

~ 
~ 

1.04 lime saturation LSF ratio ~ 

S· 
factor ..... 

.Yo 
~ 

a AlF> 0.64 LSF=CaO/(2.8xSi02+ 1.65 x AIP3+0.35 x Fep) ~ .... 
~. 

CaO 0/0 ~ 

'" 
Si02 

0/0 \:l 
:::l 

AIP3 
0/0 t:l.. 

~ Fe
2
0

3 
0/0 ~ ..... 

'" 

Annexure 1 Table 5.2 Contd .... 
Co) 
Co) 



rJ1 
SrNo -Item symbol unit formula normal range ('!:) 

(') ..... -. 0 
b AlF < 0.64 LSF=CaO/(2.8xSi02 + 1.1 xAIP3 +0. 7xFep) 90-95 = 

forOPC 
~ 

OJ 
>-en -CaO 0/0 (j 

Si02 
% 95-98 for 

en 

AIP3 % high alumina 
Fep3 0/0 cement 

1.05 hydraulic modulus HM ratio HM=CaO/Si02 +AIP3 +Fep3 1.7-2.2 for 
oPC 

CaO % 0.5- 0.55 for 
Si02 % high alumina 

AIP3 % cement 

Fep3 % 

1.06 percent liquid L % L=1.13C3A+ 1.35C 4AF+MgO+Alkalies 

C3A C3A=2.65xAIP3 -1.692xFep3 
C4AF C 4AF=3.043xFeP3 

AlF=>0.64 
C3S C3S=4.071 CaO-(7.602xSi02+6.718xAIP3+ 1.43xFep3+2.852xS03) 45-55 

C2S C2S=2.867xSi02 -0. 7544xC3S 25-35 

Annexure 1 Table 5.2 Contd ..•. 



Sr No Item symbol unit formula normal range 

AlF = < 0.64 C3S=4.071 xCaO-(7 .602xSi02 +4.4 79xAIP3 +2.859xFep3 +2.852xSO) 

1.07 burnability index BI 2.8-3.5 

1.08 burnability factor BF BF=LSF+ 1 OxSR - 3x (MgO+Alkalies) 100-110 

source : cement managers handbook 
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Annexure 2 

Table 5.3 Calorific values of Fuels. 

Sr.No. 

Unit of calorific value 

Gross calorific value Hh 

Useful or effective value H 1 

A Theoretical formulae for Solid and Liquid fuels 

Hh = 81 OOxC+34200x(H-O/8)+2500xS 

H1 = 81 OOxC+29000x(H-O/8)+2500xS - 600W 

where, 
C=Carbon; 
H=Hydrogen; 
S=Sulphur; 
O=Oxygen; 
W=Water are quantities in kg of fuel. 

B Formulae for gaseous fuels 

kcal/kg for liquid and solid fuels 

kcal/nm3 for gaseous fuels 

Cal. Value measured in bomb calorimeter 

steam in combustion is discharged outside 
the system without being utilised 

kcal/kg 

kcal/kg 

kcal/nm3 

kcal/nm3 

Source: Onoda Handbook 



CHAPTER 6 

TAKING UP THE DESIGN OF A CEMENT PLANT 

6.1 Techno Economic Feasibility Studies 
Previous five chapters would have served to give a 
fairly good idea of the present status of the processes 
and machinery used to make cements. 

Taking up the design of a cement plant presupposes 
that an Investment Decision has been taken to install 
a cement plant. 

The next logical step would be to take up 'Techno 
Economic Feasibility Studies' (TEFS) to examine all 
aspects - technical and commercial and financial of 
taking up the Project. Since this is a comprehensive 
and specialized activity it is best to entrust it to specialist 
Consultants. However Companies already in the field 
can do these studies themselves. 

Because of its great importance, the various 
aspects of TEFS have been dealt with in Section 3. 

In the process of carrying out'TEFS such aspects 
as availability of suitable Deposits and their probable 
locations and markets to be targeted would be 
examined. This serves as basis for working out the 
design of the plant and even the types of cements to 
be made, their mode of dispatches. Location of plant 
with respect to the deposits may also be decided. 

6.2 TEFS and Design of Cement Plant 
TEFS uses this data to work out the basic design of 
the plant - such as sizes and capacities of main sections 
and major machinery and auxiliaries. Thus TEFS 
contain all the steps needed to be taken to design a 
plant. The only difference would be the details and the 
depth in which various aspects would be gone into. 

Having carried out the TEFS, and having arranged 
for the finances, Detailed Engineering of the Plant 
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would be taken up. This activity may also be entrusted 
to experienced Consultants. 

In this chapter the various steps in taking up the 
design have been explained. The steps have been 
further dealt within subsequent chapters. 

6.3 Basic Approach in the Design 
of a Cement Plant 

In designing a cement plant it is necessary: 

1. to select a process that would be most suitable 
for raw materials and fuels proposed to be used, 

2. to use technology and designs and machinery 
that would require minimum inputs, 

3. to take into account infrastructural facilities in 
designing the layout and related aspects, 

4. to take into account requirements of the market 
not only for the present but also for the future 
and to incorporate facilities to make different 
cements and different modes of dispatching 
them, 

5. to design process control and instrumentation 
and quality control facilities that would ensure 
production of high quality continuously at 
optimum costs, 

6. to leave adequate room for expansion, 

7. to keep investment costs within the limits of the 
resources of the entrepreneur. 

6.3.1 Basis of Design to be Finalised 
To achieve these objectives it is very essential that the 
Entrepreneur and his Consultants are on the same 
wavelength in the various aspects of design. 
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It is necessary to agree upon, margins and factors 
to be considered in arriving at sectional capacities, sizes 
of storages, locations of plant, crusher, and mines; 
types of cements to be made and their proportions; 
modes of dispatches of cement - in bagged or in 
bulk - by rail or road; provisions to be kept for 
expansion in future. 

6.4 Questionnaires 
A systematic beginning can be made by devising 
'Questionnaires' and to try to answer them in as much 
depth as possible. Alternatively the Consultant would 
furnish such Questionnaires and ask the Entrepreneur 
to fill them. 

Questionnaires would have to be specially designed 
for various situations like: 

1. a new plant at a greenfield site, 

2. expansion of an existing plant, 

3. upgrading or modernization of an existing plant 

accompanied by increase in capacity. 

6.S Specimen Questionnaries 
Specimen Questionnaires of the three types are furnished 
at the end of the Chapter as Annexures 1 to 3. 

Details of Infrastructural facilities are required for 
TEFS. They are required to finalise several aspects 
of technical design and also other aspects like size of 
colony and social amenities to be provided for the 
Workers. 

Hence a Questionnaire on Infrastructural facilities 
is also necessary. Such Questionnaire is furnished as 
Annexure 4. 

6.6 Minimum Agreement 
Entrepreneurs and Consultants should mutually agree 
upon at least on the following points at the time of 
taking up the design: 

1. rated clinkering capacity in tpd / tpa, 

2. design margin, 

3. types of cements to be made and their 
proportions, 

4. gypsum whether natural or synthetic to be 
used - its source, 

5. coals to be used - their average useful calorific 
values and ash content, 

6. representative physical and chemical properties 
of limestones, 

7. sources of correcting materials and their 
chemical and physical properties, 

8. sources of slag / fly ash when blended cements 
are to be made, 

9. modes of receiving crushed limestone, correcting 
materials. coals, gypsum and blending materials, 

10. modes of dispatches of cement - bagged and 
or in bulk - their proportions; by rail and or road 
and their proportions, 

11. source and availability of power - voltage of 
transmission, 

12. source of water, 

13. provisions to be kept for expansion in view of 
availability of deposits and size of markets. 

6.7 System Flow Charts 
In Chapter 7, necessity of finalizing 'flow charts' has 
been explained. In Chapters 8 to 10 procedures of 
arriving at requirements of materials and sectional 
capacities have been outlined. In Chapter 11, sectional 
capacities have been arrived at using these procedures. 

As an illustration, sectional capacities for a 3000 
tpd plant have also been worked out. 

6.8 Visits to Cement Plants 
It would be a very good idea for a new entrepreneur 
and even for an old one to visit a few cement plants 
with capacities corresponding to his objectives and 
using state of the art processes and machineries and 
that have very good operational efficiencies. 

Such plants can now be seen in India also. Visits to 
plants overseas will be a 'bonus point'. Such visits 
would give a much better idea to an entrepreneur as 
to what he can expect and what he can achieve. They 
also help to crystallize ideas about machinery to be 
installed and plant layouts. 
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Annexure 1 

Questionnaire For Setting Up A New Cement Plant At A Green Field Site 

2 

3 

4 

5 

6 

Name of Company 

Location / address 

Phones/ fax! e-mail details 

Capacity of proposed cement plant tpd / tpa 

Types of cements proposed to be made and rough proportions thereof 

1 O.pc.s - 43 and 53 grades 

2 Blast furnace slag cement 

3 Portland Pozzolana Cement 

Proposed location of the plant 

1 village, mandaI, district and state 

2 nearest town, city 

3 nearest railhead- gauge of rail link 

4 nearest highway 

7 Data on deposits proposed to be used 

1 exact location 

2 location with respect to proposed location of plant 

3 representative quality of limestones found and estimated quantities in million tones 

chemical analysis of limestone 

high grade / low grade 

SiOl AIP3 CaO MgO Fep3 Alkalies Chlorides L.O.I. 

~ %-------------~ 

8 Fuel coal/oil 

8 Sources of fuel 

9 Coal proximate and ultimate analysis 

Ash content min., max., and average 

Moisture in coal- min., max., and average 

Calorific value min, max and average-also useful heat value 

10 Distance over which coal is to be brought and how 

11 Similar information when oil is to be used 

12 Likely sources of correcting materials (clay, sand, iron ore etc.), gypsum, slag and fly ash 
(whichever blended cement is proposed to be made) 

13 Distances from proposed plant site and modes of transport 

14 Source of power and voltage of transmission availability of power 

Will it meet full requirements all round the year 

Will it also meet future requirements after expansion 

15 Provision for diesel generator set / thermal power station 

Annexure 1 Contd .... 
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16 Source of water supply - perennial- distance from plant approximate capacity in litres / day 

17 Conversion factors and margins to be used for arriving at sectional capacities 

design margin 

safety factor for fuel consumption and power 

conversion ratios raw meal/clinker; cement / clinker 

for blended cements clinker / slag and clinker / fly ash 

margins for feeders and conveyors 

running hours in various sections in hrs/shift; nos of shifts/day; hrs/day; 

days/week; days per year etc. 

18 Markets for different types of cement and seasonal demands for them 

19 Proportions of cements bagged and loose 

20 Proportions of dispatches by road and by rail 

21 Storages to be maintained for: 

i. limestone crushed and correcting materials 

ii. coal crushed 

iii. gypsum 

iv. slag / fly ash 

v. cements of different types 

types of storages proposed for them 

22 Stacker reclaimer cum preblending systems to be included for limestone 

and for coal 

23 Extent of process control and instrumentation and automation and extent of 

sampling and quality control systems - x ray analyzer - to be included 

24 Targeted operational norms like 

sp. fuel consumption 

sp. power consumption 

clean gas dust burden 

man hours per ton 

Note: This is a typical Questionnaire. A specific one can be developed for any 

particular project to take into its specific needs like terrain and soil 

Conditions; climatic extremes and such. 

Entrepreneur should indicate and discuss his preferences if any with his Consultants for 
machinery such as vertical mills / roller press for grinding clinker; bag filter or electrostatic 
precipitator for venting kiln exhaust gases for example. 
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Annexure 2 

Basic Data Normally Required To Take Up Any Assignment 
On Design Of Cement Plants 

1 Exact location of Plant 
2 Altitude: meters 
3 Ave. ambient temperature: °C 
4 Average annual rainfall: cms 
5 Detailed chemical analysis of limestones/ correcting materials, 

Clinker, gypsum, blast furnace slag, fly ash, coal ash etc. 

%---------------
Si02 AIP3 Fep3 CaO MgO Alkalies Cl2 L.O.I. moisture 

Limestone 
Gradel 
Limestone 
Grade2 
Clay 
Sand 
Bauxite 
Iron ore 
Hematite 
Gypsum 
Clinker 
b. f .slag 
fly ash 
coal ash 

6 
7 

8 

Proportions of limestones and additives 
Common quality control ratios 

Hydraulic modulus 
Raw meal 
Feed to kiln 
Clinker 
Properties of cement produced 
Type Grade 

in raw meal feed to kiln 

Silica ratio 

Fineness 
Blaine 

iron modulus 

strength 
kg/cm2 

days--------
3 7 21 

9 Sources of fuel and details ( assuming coal as fuel) 
proximate and ultimate analysis of coals used, at least 

fixed carbon volatiles ash sulphur 
moistures max. min & average 
calorific values -- gross and useful to be considered for design 

Annexure 2 Contd .... 
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10 Flow charts of various sections and general plant layout for existing plants 
11 Machinery schedules of various sections describing size, capacity, nos and drive details 

a typical format would be 

item nos size capacity 
tph 

12 For proposed new plants and expansions and modernization etc. 
intended norms for the following should be advised 
i. design margins above rated capacities 
ii. running hours in various sections days/year 

days/week 
shifts/day 
hours/shift 
hours/day 

iii. storages of various materials in various stages of production 
in terms of requirement for number of days 
limestone/clay/iron ore/gypsum 
raw meal 
clinker 
fly ash 
b. f. slag 
cements of different types 
coalls 

iv. margins in feeders and conveyors 
v. plans for expansion should be outlined 
vi. data on mines distance from factory 

representative quality of deposits 

motor 
kw 

inferred / indicated / proved quantities of reserves 

13 When TEFS to be made involves, market studies, then details of markets proposed to be served 
such as: 
distance/s of marketls from proposed location 
size of marketls in terms of cement consumed in tpa 
growth potential-estimates of rate of growth 
cement plants already existing or proposed to be 
added in the vicinity to serve the marketls 
whether market is saturated 
how is the market being served and share that 
can be expected in near / distant future 

14 Transport and communications facilities 
Rail links 
Highway links 

15 Power distribution and availability 
Location of substation 
Capacity 
Voltage of transmission 
Surplus capacity as of today 
Proposed addition to demand in near future 

16 Size of own power generating facility in terms of % of power requirements 
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Annexure 3 

Questionnaire On Increase In Capacity Of Clinkering Section 

Present Capacity - tpd 

2 Proposed capacity after expansion - tpd 

3 Logic behind the proposed expansion 

(i) limestone reserves permit / do not permit expansion with calciner 

(ii) funds do not permit large scale investment 

(iii) propose to make use of surplus capacity in other sections 

(iv) propose to improve operational efficiency - increase in production to match improvement in 
efficiency 

(v) propose to install grate type clinker cooler and hence propose to realize maximum kiln apacity 
without calciner 

(vi) propose to install a calciner and a 2nd stream preheater to get maximum output from existing 
kiln 

Alternatives (i) to (iv) above can be achieved in several ways such as 

(a) modifying and enlarging cyclones of pre heater 

(b) installing smaller capacity calciner 

Alternative (v) can be combined with (i) to (iv); Alternative (vi) would cost maximum but 

increasein capacity would be 2.5 times and hence returns would be higher. 

Alternatives (i) to (v) would involve upgrading of mills to cope with enhanced clinker 
production;whereas in alternative (vi) above, almost all sections would need enhancement of capacity. 

4 On learning more details and logic behind the proposals, Consultants can formulate specific 
questionnaire to collect all the relevant information and data on plant and machinery as also full 
operational data 

5 Full details such as chemical and physical properties of raw materials, correcting materials and 
fueVs used. 

6 Types of cements produced and their quantities. 

7 Furnish sizes and capacities of major machinery and auxiliaries and rated and achieved capacities 
of various sections starting from quarries and ending with cement mills and packing. 

8 Running hours in each section. 

9 Also furnish general plant layout. 
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Annexure 4 
Questionnaire for Infrastructure 

A Physical Location of site / sites 

village 
2 mandai 
3 taluk 
4 district 
5 State 
6 Latitude Longitude 
7 Altitude m above sea level 
Attach map 

B Data on deposits to be exploited to make cement 

I Name 
2 Location village / mandai/district / State as above 
3 nearest village / town / 
4 estimated area hectares 
5 between longitudes and 

between latitudes and 
6 Is it in area marked as forests or sanctuary 
7 broad nature of deposits 

a plain 
b hilly 
c outcrops 
d on fallow or cultivated land 
e state or private land 
f access road / tracks to deposits 
g estimated reserves : inferred / indicated / proved in million tons 
h other details like over burden, interstitial clays, 
J clay and other correcting materials - nearby sources 

C Details about proposed location of factory site 
I availability ofland 
2 private / state owned 
3 cultivated / fallow 
4 is it in area earmarked as forests / sanctuary ? 
5 is land level or needs development 
6 contour map of area showing streams, rivulets and other natural drainage 
7 climatic details for the last ten years like temperatures mean, max.and min; 

year round rain fall for average and minimum and maximum 
8 ground water level in different parts of the year min, max and average 
9 depth of rock bed from surface / load bearing capacity of soil 
10 seismic zone of area 
11 wind velocities at different heights and wind rose 

Annexure 4 Contd .... 
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D Distance between proposed plant site and deposits min and maximum; 
Is terrain plain or uneven ? 

E Proposed site and its linkages with the outside world 
1 road links between site and nearest village / town / city 

existing / under construction / planned 
pucca / tar / concrete 
distance in kms 

2 rail links 
nearest railway station kms 
single or double line 
gauge 
if rail link does not exist, are there plans for future 

3 Nearest grid substation 
Distance 
Capacity 
Voltage of transmission 
Routes of transmission lines around proposed site 
Distance from site 
Is surplus capacity available in substation and in transmission line 

4 Perennial sources of water in the vicinity 
River / stream 
Estimated quantity available in different parts of the year 

F General nature 
size of nearest town /city and facilities availale there by way of 

I labour force for construction and operation of plant 
2 housing facilities 
3 markets for provisions, milk, vegetables etc. 
4 educational facilities - primary secondary schools and colleges, Industrial 

Training Institute etc. 
5 Health and medical care like hospitals and dispensaries - ESIS 

Establishments etc. 
6 commercial establishments like Banks 
7 Government facilities like Post and Telegraph offices, courts and other 

government offices 
8 Entertainment - Cinema, Cable TV etc. 



CHAPTER 7 

7.1 Process Flow Charts 
After selecting the process of manufacture and types 
of cement to be made, the next steps would be : 

1. to select process flow charts of various sections, 

2. to decide on sectional capacities. 

Selecting process flow charts presupposes that 
some basic decisions have already been taken 
regarding selection of major machinery. For example: 

1. single stage crushing 

2. vertical roller mills for raw materials and coal 

3. off line ca1ciner - two stream preheater - grate 
cooler with static grate 

Once these decisions are taken, it follows to fit them 
in a system along with auxiliaries so that as a group 
they produce or process what is expected of them in a 
given section. 

For example : crushing section should produce 
crushed stone suitable for the subsequent grinding 
section and so on. 

7.2 What Flow Charts Show 
Process flow charts show pictorially how various 
machinery are arranged in a section. They try to show 
sequence or direction of material and gas flows in the 
section and help to arrive at a clear understanding of 
what happens in the section. 

Process flows can be depicted in several ways. 
One way is to just show blocks for Major machinery 
and auxiliary and draw lines to connect them in proper 
sequence. 

The other, more prevalent one is to show machinery 
and auxiliaries in outline for ease of identification. 
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7.3 Different Systems and Flow Charts 
Illustrations of two types are shown in Flow charts 
7.1 and 7.2. 

Same type of machinery and auxiliaries can be 
arranged in more than one way to arrive at the same 

end result. 

In two stage crushing, both crushers can be in open 
circuit, or the secondary crusher can be in closed circuit 

to ensure a definite product size. 
See Flow charts 7.3.1 and 7.3.2. 

In raw material grinding, drying can be done either 

in mill or in separator; 

Fresh feed can be taken either to mill first or to 
separator first. 
See Flow charts 7.4 a to c. 

In vertical roller mill, mill shall be either in 
conventional circuit with conventional separator, or it 

can be in external circuit with high efficiency separator 
built in. Such alternatives result in changes in layouts 
as also in gas and material flows. 
See Flow chart 7.5. 

Each section of a cement plant can thus have a 
'family' of commonly used flow charts. 

7.4 Uses of Flow Charts 
Process flow charts can also be used to: 

1. Build up machinery schedules for sections, 
indicating numbers, capacity, size and drive 

details. From such a schedule specifications of 
major machinery and auxiliaries can be built up 
for procurement, 



Flow chart. 7.1 

Flow chart. 7.2 

Feed 
-1-

Roller press 
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Hgh efficiency r-
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3 

Feed 

~w 

Roller press 

Disagglo 
merator 

High efficiency 
separotor 

Product 

4 

Feed 

~w 

Disagglo-
-merator 

If 

High efficiency 
separotor 

r- Roller 
press t-

Product 

Flow chart (block type) showing various possibilities of using roller press. 

Short belt 

Flow chart of single stage crushing. 
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4 

1 Hopper 
2 Apron feeder 
3 Jaw/primary crusher 
4 Belt under crusher 
5 Belt to feed secondary crusher 
6 Secondary crusher-Hammer/Impactor 
7 Belt under crusher 
8 Dust collector and fan 
9 Dust collector and fan 

Flow chart. 7.3.1 Flow chart of two stage crushing. 

1 Belt from primary crusher 
2 Secondary crusher 
3 Belt from secondary crusher 
4 Screen 
5 Belt for coarse return 
6 Belt to stock pile 

(~:v 
7 

Flow chart. 7.3.2 Flow chart of two stage crushing, wih secondary crusher in closed circuit. 



a) 

o 

b) 

() 

c) 

o 

Flow chart. 7.4 

1 

Air swept mill & grit separator 
drying in mill 
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1 Feeder belt 
2 Pendulum flap valve 
3 Ball mill 
4 Grit separator 
5 Coarse return screw 
6 Cyclones 

7 Mill fan 
8 Hot gas entry 
F Fresh feed 
C coarse returns 

7 P Product 

Bucket elevator mill with mech.separator 
drying in separator 1 Feeder belt 

2 Pendulam flap valve 
3 Ballmi" 

Bucket elevator mill with high efficiency separator 
drying in mill 

4 Air slide 
5 Elevator 
6 Mech.separator 
7 Air slide for coarse return 
8 Hot gas entry 
9 Bag filter 

10 Bag filter fan 

6 High efficiency separator 

9 Dustcollector(product) 

10 Bag filter fan 

Flow charts of drying and grinding ball mill systems. 
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Total circulating load A+B 

a) Plain circuit 

F Fresh feed 
P Product 
A Circulating load separator 
B Circulating load roller 
C Circulating load external-circuit 

b) External circuit 

Total circulating load = A+B+C 
B Very much reduced in external circuit mill 
A+B above = A+B+C 

Flow chart. 7.5 Vertical roller mills basic systems. 



2. to show material and gas flows in the section. 
These are used to size materials handling 
equipment between processing machines and 
also to arrive at capacities of fans to handle 
required gas flows and to work out sizes of ducts 
and chutes, 

3. to indicate temperature and pressure / draught 
profiles in the section as also important 
parameters like Oxygen content, CO content 
etc. They can thus be used to work out details 
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of process control and instrumentation for the 
section including locations of field sensors. 

7.7 Typical Flow Charts 
Possibilities of various arrangements in various sections 
of a cement plant are far too numerous to be put 
together. More commonly found flow charts for the 
various sections of a cement plant beginning with 
crushing and ending with dispatches are enclosed. 
See Flow Charts 7.2 to 7.12. 
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2 

a) Batch blending system for small plants 
Double deck blending & storage silos 

4 

6 

I 7 I~+---' n-=1i 2 Mill 

1-2 Batch blending silos 

3-4 Storage silos 

5-6 Stfeed to storage silo underneath 

7-8 Cross air slides 

9-10 Rotary valves/flow control gates 

11 Air slide to kiln feed system 

12 Elevator 

1 & 2 - Raw mills 1 &2 

3 & 4 - Preheater 1 & 2 

5 & 6 - Kiln feeds 1 & 2 

7 & 8 - Air lifts to blending silos-A&C 

9 & 10 - Air lifts to preheaters 

11 & 12 - Airslides to blending silo B 
A,C, Blending & storage silos for 1st mill 

B Blending & storage silo for 2nd mill 

7 & 8 - Feed silos A,B,C cyclically 

b) Flow chart of Batch blending & storage silos for 2 kilns 
it offers - flexibility & interchangeability 

Flow chart. 7.6 Flow charts of batch blending systems. 



2 

Flow chart. 7.7 
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a) Direct firing system for coal in kiln 

6 

b) Indirect firing system for coal in kiln 

Flow charts of coal firing systems for cement kiln. 

2 

3 
4 

5 

6 

7 

Kiln 

Cooler 

Cyclone 

Mill fan 

Coal mill 

Screw feeder/table feeder 

Raw coal hopper 

1 Kiln 

2 Cooler 

3 Cyclone 

4 Mill fan 

5 Coal mill 

6 Screw feeder/table feeder 

7 Raw coal hopper 

8 Cyclone 

9 Fine coal hopper 
10 Screw feeder for 

pulverisectoal 

11 P.A fan 

12 Dust collector 

13 Screw conveyor 

14 Dust collector fan 

15 Rotary air lock 
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Flow chart. 7.8 

p 
4 

a) Roller press as pregrinder 

b) Roller press in hybrid grinding circuit 

2 
3 

4 

5 
6 
7 
8 

1 Hoppers 

2 Roller press 

38allmill 

4 Elevator 
5 Grit seperator 

6 High efficiency 

7 Dust collector 

8 Fan 

1 Hoppers 

2 Roller press 

38allmill 

4 Elevator 

5 Grit seperator 

seperator 

6 High efficiency seperator 

7 Dust collector 

8 Fan 

Hoppers 

Roller press 

Disagglometer 

Elevator 

Grit seperator 

High efficiency seperator 

Dust collector 

Fan 

c) Roller press & disagglometer in finish grinding circuit 

Flow charts of Roller Press and ball mill in different combinations. 
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12 
FI ash - 1,2 Clinker&gypsum hoppers 

3,4 Feeder 
5 Belt in to c.mill hopper 
6 Cement mill 
7 Air slide 
8 Elevator 
9 Separator 

10 Coarse return 
11 Fly ash feed 
12 Product 

a) PPC made by intergrinding clinker & fly ash 

o dust collector 1,2 Clinker&gypsum hopper 
3.4 Feeder 

p) Grinding O.P.C in closed circuit 

q) Grinding fly ash in a separate mill 

r) Blender for making ppc 

5 Belt 
6 Cement mill o.p.c 
7 Elevator 

8 Separator 
9 Coarse return 

10 Ground o.p.c 

1 Fly ash pipe I belt 
2 Bin 
3 Feeder 
4 Elevator 
5 Separator 
6 Mill for fly ash 
7 Air slide 
8 Ground fly ash 

1,2 Bins on load cells 
3,4 Rotary feeders 
5,6 Solids flow meters 

7 Conveyor 
8 Mixer 
9 Pozzolona cement 

b) PPC made by grinding fly ash & opc separatly. and mixing them 

Flow chart. 7.9 Flow charts of different systems to make PPC. 
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, 
• ! 

1,27 
Slag circuit 
14 Hood 
15 Belt for dried slag 
16 Dryer 
17 Hood 
18 Belt wet slag 
19 Bin ~ 

~'1 11; :]L~14tTI[}~8~==~ ~ ~ 16 a~ 131 : 12- ::--=>. 

~ 
-Ege-._. 

cL:J 

20 dust collector 
21 Screw feeder 
22 Fan 

23 15 23 Belt for dust 

a) Self contained dryer and coal firing system 

+ Clinker storage 
I Preheater C I (L) 

D
· ooer i '--'-'-D-'-'-'-II-'-'~ 1-._._._._. j 

Ir--lCoal mill ~ 
.~ I 

I +Im I 
~ t + .~ _ I C.mills 
i ,*,"3~ H I 
I I CL U H I 
! "f _ i I '+._._._.I}_.-.... -.•. __ ._._._._._._._._._._._._.+.,._., 
. I . 

I I~!ROO~~ 
I ! ! 
i ! . 
! I 
I Coal storage Dry slag . .+.-. 
! I 
! I 
! i 
I ! 

! Wet slag 0- +-
! 
I 
i 
I 

b) Bringging pulversied coal pneumatically 
from main coal mills 

Flow chart. 7.10 Flow charts of coal fired rotary dryer for slag. 

Coal circuit 
1 Raw coal belt 
2 Raw coal hopper 
3 Feeder 
4 Hot air generator 
5 Coal mill 
6 Grit separator 
7 Cyclones 
8 Screw conveyor 
9 Fine coal bin on 

load cell 
10 Coal feeder 
11 PAfan 
12 Firing pipe 
13 Combustion 

chamber 
24 Dust collector 
25 Screw 

26,27 Fan & chimney 
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1 Belt bringing in raw material 
2 Hoppers 

3 Feeders 

4 Mill 

5 Air slide 

6 Elevator 

7 High efficiency separator 

8 Coarse return 

9 Screw 

10 Air lift 

BF1- bag filter & fan for mill hoppers 
BF2- bag filter & fan for auxiliaries 

BF3- bag filter & fan for product 

V1 to V6-venting points in system 

a) Venting systems in grinding cifcuit as an example 

V2 

b) 

Flow chart. 7.11 

BF2 

V3 V4 V5 

Vent volumes of 

V2- Feeders 

V3 - Coarse return 

V4- Air slide 

V5- Elevator 

V - Capacity of bag 

filter BF2 rrr/min 

= V2+V3+V4+V5+ margin 

for leakage + margin 

for design 

Volumes to be vented in cub m/min for sizing bag filter 

Flow chart of vent system in a ball mill circuit. 
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I 
I 

I 2 

3 

Flow chart. 7.12 Flow chart of cement packing and despatches. 

1 Cement silo 
2 Cement extraction 
3Airslide 
4 Bucket elevator 
5 Screen 
6 Packing machine 
7 Slat conveyor 
8 Loading belt 
9 Loading belt 

10 Truck 
11 Dust collector 
12 Fan 
13 Spillage collection 
14 Spillage screw 



CHAPTER 8 

8.1 Conversion Factors 
As mentioned earlier, Cement is made by processing 
minerals like limestone, clay, bauxite, sand, iron ore, in 
suitable proportions to prepare a 'raw mix' for sintering 
it to make cement clinker. Proportioning is done to 
achieve various 'modulii' as explained in chapter 5. 

Conversion factors could be defined as factors that 
are dependent on chemical composition of constituent 
materials individually and collectively to make unit 
quantity of clinker or cement as the case may be. 

8.2 Conversion Factors for Raw Materials 
When Carbonates in 'raw mix' feed to kiln are 
'calcined' to tum them into oxides Carbon Dioxide is 
given out and is lost with exhaust gases. 

Ca C03 = CaO + CO2 

If raw mix consists of 100 % Ca C03, to make 
lkg of CaO would require 100/56 = 1.79 kg of 
Carbonate. The loss due to dissociation is 4411 00 or 
44 % expressed in terms of carbonates. If limestone 
has 85 % carbonates then loss on ignition (LOI) 
would be 0.85 x 44 = 37.4 % 

This factor is used to find out quantity of limestone 
required to make 1 kg of Clinker. 

8.2.1 Raw Meal to Clinker Ratio (Consumption) 
IfL.O.I. of 'raw mix' feed to kiln is 37 %, then quantity 
of raw mix required to make 1 kg clinker would be 
1/(1-0.37) = 1.59 

Raw mix is made up of limestone and additives like 
clay or sand or bauxite and Iron ore or laterite in various 
proportions to maintain the various modulii. These 
proportions decide quantities required to make unit 
quantity of clinker. 
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Continuing with above example, 1.59 kg raw mix is 
required to make 1 kg clinker. 

Let raw mix be made from 85 % limestone, 13 % 
clay and 2 % iron ore. 

Then to make 1 kg clinker, quantities of these 
constituents needed would be 

1.59 x 0.85 = 1.35 kg limestone 

1.59 x 0.13 = 0.21 kg clay and 

1.59 x 0.02 = 0.03 kg iron ore. 

Total conversion factor for raw mix would be 1.59 

and individual conversion factors for limestone, clay 
and iron ore would be 1.35,0.21 and 0.03 respectively. 

They are needed to work out quantities of these 
materials and also to calculate capacities of feeders 
and conveyors. 

8.2.2 Raw Meal to Clinker Ratio (Kiln Feed) 
Preheater gases carry with them quantity of dust 
depending upon the efficiency of the cyclones which 
is generally between 0.92 - 0.94. Thus to produce 
1 kg Clinker. it is required to feed to preheater-kiln 

raw meal factor above / efficiency of top cyclones. 
Thus if efficiency is 92 %, and raw meal factor 1.59, 

raw meal to clinker ratio for kiln feed would be 

1.59/0.92 = 1.73 

8.3 Conversion Factors for Fuel 
A quantity of heat input is required representative of 

the process used to make unit quantity of clinker. This 
heat input measured in kilocalories per kg of clinker is 

known as 'sp. heat consumption' or 'fuel efficiency'. 
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To know sp. fuel consumption it is necessary to 

know the 'useful' heat value of fuel used, and quantity 

of fuel used to make unit quantity of clinker. 

'U seful' heat value is heat released by unit quantity 
of fuel 'as fired' in a kiln. In case of solid fuels it will 

contain 1-2 % residual moisture. Sp. fuel consumption 
is often also expressed as % of coal (fuel) required to 

produce unit weight of clinker. 

Thus if sp. heat consumption for a dry process kiln 

with 6 stage preheater is 700 kcallkg, and useful 
calorific value of coal used is 4500 kcal/kg, then coal 

consumption is 15.55 %. 

This conversion factor can be used to find out 

quantity of coal to be obtained and processed. 

8.4 Conversion Factors for 
Blending Materials 

1. Conversion factor of cement to clinker 

In OPC lkg clinker + ~ 0.04 kg gypsum makes 

1.04 kg cement. 

If plant capacity is expressed in terms of kiln 
capacity of clinker produced, then to arrive at 

capacities of cement mills this factor would be 

taken into account. 

Conversion factor of cement to clinker = 1.04 

2. conversion factors for slag cement 

Slag cement is made by blending blast furnace 

slag, clinker and gypsum. A maximum of 65 % 
of slag can be used to make slag cement. 

slag cement could be made from say 38 % 
clinker, 58 % slag and 4 % gypsum. Conversion 
factors with reference to clinker would be : 

cement/clinker = 100/38 = 2.63 

slag / clinker = 58/38 = 1.53 

slag /cement = 58/1 00 = 0.58 

Actual factors can be worked out by using actual 
proportions 

These factors would be useful to find out 

quantities of slag needed and total cement 
produced etc. 

3. conversion factors for Pozzolana cement 

Pozzolana cement is made by blending fly ash, 
clinker and gypsum. A maximum of 30 % fly 
ash can be used. Pozzolana cement may be 
made from say 72 % clinker, 24 % fly ash and 
4 % gypsum. Conversion factors with reference 
to clinker would be : 

cement! clinker = 100/72 = 1.39 

fly ash / clinker = 24172 = 0.33 

fly ash / cement = 24/100 = 0.24 

like slag above, these factors would needed to 
work out quantities of fly ash and capacities of 
respective feeders. 

8.5 Factors for Moisture in 
Materials as Received 

When reference in quantities of raw mix or proportions 
of constituents is made, it is with respect to 'dry' 
materials. Most materials like clays, iron ore, coal, 
gypsum and slag are received wet with moisture 
content varying between 5 - 20 % and with seasonal 
variation therein during dry and wet seasons. It is 
therefore necessary to know how much wet or as 
available material is to be received and processed to 
obtain desired dry quantities. 

In most locations in India, limestones do not contain 
more than 2-3 % moisture during dry months and 
seldom more than 5 % even during wet months. 
Therefore moisture in limestone is ignored in process 
calculations except where very wet materials like sea 
shells are used. 

Coals habitually contain moistures ranging between 
8 to 15 %. Granulated slag would also often contain 
10-15 % water. 

Quantity of wet material = quantity of dry material 
+ moisture 

Thus if, 

moisture 

10% 

20% 

factor for allowing it 

(100 + 10) /100 = 1.1 

(l00 + 20) / 100 = 1.2 

Quantity of wet material to be obtained and 
processed would be multiplied by factors as explained 
above. 
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8.6 Loss in Transit 
Many a times materials like coal, gypsum etc., are 
procured from long distances and their receipt at site 
from the place of loading involves a number of 
transshipments and shifting from railway wagons to 
trucks and vice versa. A certain amount of loss in 
transit is therefore inevitable. As a convention it is being 
taken as 3 %. Thus to obtain at site 100 tons wet 

material, 103 tons would have to be procured and paid 
for. This has a direct effect on variable costs of 
materials. Therefore where necessary it is allowed for. 

Sr. No. 

1 

2 

3 

4 

5 

6 

7 

8 

Various conversion factors mentioned above are 
applied where needed for accurate estimation of 
quantities and capacities of feeders and conveyors. 
Table 8.1 summarises them. 

Table 8.1 Conversion factors. 

Conversion factor 
Definition Normal 

Explanation for range 

Raw meal/clinker Kg raw meal/Kg clinker 1.5-1.55 Depends on 
(consumption) L.O.I 

Raw meal/clinker Kg raw meal fed to kiln/kg 1.6-1.7 Allows for 
(kiln feed) clinker dust loss 

from 
preheater 

Cement/clinker Kg of cement from 1 kg 1.04-1.05 Depends on 
clinker gypsum 

added 
Coal/clinker Kg coal consumed to 0.17-0.20 Depends on 

make 1 kg clinker sp. fuel 
consumption 
and calorific 
value of coal 

Slag / slag cement Kg of slag in 1 kg slag 0.48-0.58 Depends on 
cement slag that can 

be added 
Fly ash / ppc Kg fly ash in 1 kg ppc 0.2-0.24 Depends on 

fly ash added 
Moisture Wet material/dry material Depends on 

moisture 
Loss in transit Qty material at source/ Generally 

qty received at site 1.03 
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DESIGN MARGINS TO ARRIVE AT CAPACITIES 

9.1 Sectional Capacities 
Sectional capacities depend on 'running hours' in each 
section and also on factors or margins to be provided 
for to arrive at capacities of major machinery and 
auxiliaries in the section. 

Knowing the total tonnage of materials to be 
processed in the section and the number of running 
hours, basic capacity can be arrived at. This capacity 
multiplied by margins mentioned above gives the 
'design capacity' of a given machine for procurement 
and sizing. 

Running hours in various sections of the plant will 
be dealt within the next Chapter. In this Chapter the 
rationale behind various factors and margins commonly 
used for arriving at capacities and sizing is explained. 

9.2 Design Margin 
It is a margin over the rated capacity more or less for 
all sections of the plant. Usually it is 10 %. This margin 
ensures that rated capacity will be achieved in spite of 
fluctuations normally expected to occur in quality of 
raw materials and fuel. 

It takes care of some unforeseen stoppages or 
interruptions. 

On the positive side, it helps in higher production 
under favourable operating conditions 

9.3 Safety Margin 
Even when there is absolute certainty about the 
efficacy of the process and machinery selected, it is 
prudent to play safe as regards sp. fuel consumption 
and sp. power consumption. Therefore a 'safety 
margin' is added to arrive at capacities of all entities 
dependent on them. 
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For example a margin of 5 % on fuel consumption 
would directly govern size of coal grinding and coal 
firing sections and also gas flow in kiln and preheater 
sections. 

Safety factor on power consumption would 
influence even maximum demand and ratings of 
transformers etc. 

9.4 Margin for Feeders and Conveyors 
Material handling equipment of any kind should never 
be a bottleneck to achieve the production over margins 
mentioned above in major machinery and auxiliaries. 
Therefore a margin of 20 to 25 % is allowed for over 
design capacity in sizing material handling equipment 
and in feeders. 

9.5 Margin for upset Conditions 
Machinery like kiln can run under upset conditions by 
as much as 30 %. Such conditions can last for several 
hours at a time. During this time, clinker conveyors 
handle under burnt clinker at high temperatures and 
high rates. Therefore conveyors for spillage and main 
product for clinker going right up to clinker storage 
are sized with a margin for 30 % for this condition. 

9.6 Margins for Fans 
A margin of 10 to 15 % is allowed in arriving at 
capacities of fans over volumes arrived at after applying 
design and safety margins mentioned above. Since 
system resistance is proportional to square of velocity, 
a 10 % increase in volume results in an increase of 
20 % in system resistance. Therefore a margin of 
20-30 % is necessarily added on static pressures of 
fans. 
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9.7 Margin for Crushers 
Because of irregularities in mining operations, a margin 
of 20 % is added over design margin, conversion factor 
and working hours to arrive at crusher capacity. 

However primary crushers are sized to suit bucket 
capacities of shovels selected. It may so happen that 
crusher so selected would render it unnecessary to 
use above irregularity factor separately. 

9.8 Cement Mills 
A margin of at least 10 % is usually added on design 
capacity in sizing cement mills. It takes care of spurts 
in demand and also helps in clearing accumulated stocks 
of clinker. 

9.9 Packing and Dispatches 
In actual practice, proportions of bagged and bulk 

cement- dispatches by road and rail could be quite 
different from those assumed at project stage - based 
on data collected. 

Even if 30 % dispatches should be in bulk it could 
so happen that there would be periods when all of 
dispatches are for bagged cement. Therefore capacities 
of packing machines should be such as to be able to 
cope for such a contingency. Same logic applies to 
designing facilities such as mechanized loading for 
dispatches by road or rail. 

In short it should be assumed that 

100 % cement would be bagged or in bulk 

100 % dispatches could be either by road or rail 

Table 9.1 summarises various margins mentioned 
above. 

Table 9.1 Margins and multiplying factors. 

Sr. No. Item Margin 
Multiplying 

Remarks 
factor 

1 Design Margin 10% 1.1 In special 
cases this 
could be 
higher 

2 Safety margins for fuel and 5% 1.05 
power consumption 

For sizing substation 25% 1.1 x 1.25 
capacity, maximum 
demand 

3 Margin for feeders and 15-20 % 1.1 x (1.15-1.2) 
conveyors 

4 Upset condition of kiln 30% 1.1 x 1.3 

5 Fans 

On volume 10-15 % 1.1 x (1.1-1.15) 
On pressure 20-30 % 1.2 -1.3 

6 Crusher 20% 1.1 x 1.2 

7 Cement mills 10% 1.1 x 1.1 

8 Packing and dispatches 

Cement bagged and bulk 100 % 1.1x1.1x1 
Cement by road / rail 100 % 1.1x1.1x1 
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Above factors are to be used in conjunction with 
conversion factors explained in Chapter 8 
(See Table 8.1). 

9.10 Margin for power cuts 
When power cuts are severe, hours available for 
running the plant are curtailed. Design margin of 10 % 
cannot compensate for production lost. One way of 
course is to include a power plant in capital costs. 
Another is to allow for reduced available number of 
hours of running in various sections so that machinery 
selected has a larger capacity and produces required 
rated capacities even in less available time. 

Scheduled or unscheduled power cuts result in a 
far greater loss in production because it takes some 
time in each department to reach normal production 
levels after an interruption. 

Some entrepreneurs prefer to oversize machinery 
to meet this contingency. 

Factor to be allowed for will vary from location to 
location. It could be between 20 to 30 %. 

It is assumed that in normal circumstances such a 
margin is not required. Hence it is not included in 
Table 9.1. 



CHAPTER 10 

TECHNICAL CONCEPTS 
RUNNING HOURS IN VARIOUS SECTIONS 

10.1 Running Hours 
Running hours in various sections per day, per week 
and per year decide the capacity of the section required 
to achieve the yearly production targets. 

These capacities in tum influence directly the sizes 
and drive ratings of the major machineries and 
auxiliaries in respective sections. 

Over a period of time and for practical reasons, 
some conventions have already been established in the 
cement industry in this regard. These are described 
below. 

10.2 Clinkering Operations 
Clinkering being a continuous process, the operation 
of kiln and connected sections and auxiliaries must go 
round the clock for days on end. 

For kiln section, conventionally, 330 working days 
are assumed per year of 365 days. This gives about 
10 % of time for 2-3 stoppages in a year for 'brick 
lining' and maintenance and upkeep of the various 
machineries in kiln section itself and in sections 
immediately upstream and down stream of it. 

For all practical purposes, the upstream section 
starts with extraction from raw meal storage silos and 
includes metering of kiln feed and its feed to the 
preheater/s and calciner. 

Down streamside ends with clinker conveyor 
discharging into clinker storage. 

Fuel metering and firing section must also work 
continuously with kiln; so also dust collecting equipment 
for kiln, cooler and kiln feed sections. 

Design running hours of a pyroprocessing section 
per year are therefore 24 x 330 = 7920. 
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Before the advent of calciners in case of large kilns 
(5 m and above in dia) running days used to be taken 
as 300 only as life of brick lining in large kilns used to 
be shorter. With ca1ciner kilns this is no longer 
necessary. 

10.3 Preparation of Raw Materials 

10.3.1 Quarrying and Crushing 
In the past quarries worked mostly in day time in one 
shift to start with and in two shifts later. 

With plant capacities now reaching 3000-5000 tpd 
even in India, this is hardly practical any longer. 

Crushing section would normally be designed for 
2 shifts working to start with and then 3 shifts working 
after expansion (which in normal course would be 
assumed as duplication or doubling of capacity) 

The crusher capacity would therefore be so 
selected as to supply requirements of crushed stone 
for double capacity in 3 shifts. 

Quarries likewise would work initially in 2 shifts 
and later in 3 shifts. 

For quarrying and crushing operations, effective 
hours per shift are not all of 8 hours of the shift as 
time is lost because : 

(a) at beginning of first shift in starting mining 
machinery, in directing them to faces in operation; 
dumpers would normally return to the garage. 
They too would have to be fuelled before going 
to the loading points. 

(b) There is a lead of say 1-3.5 kms between loading 
face and crusher hopper. While it is planned to 
have a continuous supply of stone to crusher to 
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keep it filled, this may not always be so. Some 
'idle hours' are to be expected. 

(c) It is a good idea to empty the hopper of crusher 
at the end of the day so that when restarted 
feeder / crusher do not start on load. 

For these reasons, the effective time of crushing 
and quarrying operations is taken as 6 hours / shift 
in first two shifts and 5 hours in third or night 
shift. 

Quarry and crusher sections work for 6 days of 
the week. Hence are required to supply 7 days' 
requirement of crushed limestone in 6 days. 

Thus number of hours working / week in quarrying 
and crushing: 

2 Shifts 

Per Day 6 x 2 = 12 

Per Week 72 hours 

Per year 3744 hours 

10.3.2 Grinding Operations 

3 Shifts 

2x6+1x5=17 

102 hours 

5304 hours 

In size reduction crushing is followed by grinding 
including drying where required. 

Grinding mills prepare raw materials, coal for 
further processing and convert clinker into cement. 

Conventionally, for all the 3 grinding mills - raw, 
coal and cement, 

Running hours are taken as 20 per day. 

Running days per year are taken as 360 per year. 

Total running hours per year are 7200. 

10.4 Raw Material Grinding 
This operation grinds crushed stone and additives to a 
fine powder, drying out moisture in its constituents 
during grinding by using hot gases from kiln. 

Conventionally working hours for grinding are 
20 days, 7 days a week or 360 days a year - 20 x 360 
= 7200 ; though maximum running hours available in 
52 weeks would be 7280. 

This allows for 4 hours /day for maintenance and 
upkeep. It is not as if mill would be stopped after 
20 hours. It will be allowed to run continuously as long 
as possible. These hours are of course insufficient for 
major grading and loading of grinding media in a ball 

mill or change ofliners of rollers, table etc., in a vertical 
mill. These operations would take anything between 
3-6 shifts. A long stoppage will be taken for such jobs 
taking advantage of the margins available because of 
20 design running hours per day. 

In case of large ball mills, material handing 
equipment is installed over the mill for loading the mill, 
taking out lining plates etc. 

Short portable conveyors are also used to load the 
mill with grinding media. 

It is also necessary to shift quickly unloaded grinding 
media, to keep the area clean. 

Vertical roller mill installation has to be provided 
with cranes and gantries to take out liners of rollers 
and tables and for jacking up the mill to remove gear 
box. The equipment becomes an integral part of the 
mill and the layout. 

As major jobs mentioned above would take longer 
than 4 hours, it is customary to synchronise them with 
stoppage of kiln for brick lining. In doing so care is 
taken to fill in the blending / storage silos of raw meal 
before stopping the mill. 

10.5 Coal Mills 
Coal Mills are similarly assumed to be working for 
20 hours/day. They use either cooler exhaust gases or 
kiln exhaust gases for drying. Moisture in coal to be 
ground varies considerably in dry and wet seasons but 
would seldom be less than 8 %. Output of a mill 
particularly ball mill is sensitive to moisture in coal to 
be ground dropping by as much as 50 % in wet season. 
Therefore in specific locations coal mills may be sized 
on the basis of 16 to 18 running hours per day. 
18 hours would require operation in third shift also and 
hence 16 would be preferred. 

10.6 Stacker and Reclaimer Systems 
Stackers work together with crushers which supply 
crushed limestone and coal for stockpiling to them. 
Reclaimers work with grinding mills. 

Therefore hours of working of stacker would 
correspond to working hours of crusher feeding them. 

In case of limestone, this would be 2 or 3 shift 
working oftotal12 or 17 hours. 

Mills have hoppers before them. Hopper capacities 
can be between 4 to 8 hrs for limestone in case of raw 
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mills and coal mills. As mentioned above, mills work 
for 20 hours per day. Without hoppers in between, 
reclaimer would have to work also for 20 hours. 
However with hoppers it is possible to reduce number 
of working hours of reclaimer by increasing capacity 
of reclaiming. Normally reclaimer would work for half 
the hours - their job being to keep hoppers full. Running 
hours will double if same reclaimer supplies stone / 
coal to two mills after duplication. 

10.7 Cement Packing and Despatches 
Packing plants normally operate in all three shifts so 
that wagons or trucks do not have to wait. This is also 
true of dispatches in bulk. 

When cement is dispatched in bags, packing and 
loading operations are synchronized, that is, filled bags 

are taken straight to trucks or wagons - without any 
intermediate storage. 

Till now, loading of trucks and wagons were labour 
intensive operations necessitating short breaks at 
regular intervals to rest loading gangs. Therefore 
number of effective hours per shift for these operations 
were taken as 5 and total per day of 3 shifts 15. Like 
mills packing operations will be for 360 days per year 
i.e., 5400 hours per year. 

With increasing use of mechanized wagon and truck 
loading machines, these running hours could be 
increased to say 6 / shift. 

10.8 Table 10.1 
Table 10.1 summarises running hours for main plant 
and after duplication. 



Sr. No. section hrsJshift 

Qyarrying 6 

2 Crushing 6 

3 Stacker 6 

4 Reclaimer 5 

5 Raw mill 

6 Blending 

7 Extraction & 
kiln feed 24 

8 Kiln 24 

9 Coal stacker 

Annexure 1 

Table 10.1 Working Hours in Various Sections of a Cement Plant. 

A Main Plant 

shiftsJday hrsJday day/week hrs/week day/year hrslyear 

2 12 6 72 312 3744 

2 12 6 72 312 3744 

2 12 6 72 312 3744 

2 10 7 70 360 3600 

20 7 360 7200 

20 7 360 7200 

7 330 7920 

330 7920 

to suit capacity of wagon tippler 

remarks 

assuming supplies 
day's requirement of 

mill in 10 hours 

works with raw mill 

works with kiln 
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Sr. No. section hrs/shift shifts/day hrs/day day/week 

10 reclaimer 10 7 

11 coal mill 20 7 

12 cement mill 20 7 

13 packing and 
despatches 5 3 15 7 

B Duplication 

Sr. No. section hrS/shift shifts/day hrs/day day/week 

Quarrying 6 3 17 6 
6 4 24 6 

2 crushing 6 3 17 6 
6 4 24 6 

3 stacker 6 3 17 6 
6 4 24 6 

4 reclaimer 5 2 10 7 
5 4 20 

5 raw mill 20 40 

6 blending 20 40 

hrs/week day/year hrs/yr 

360 3600 

360 7200 

360 7200 

360 5400 

hrs/week day/year hrs/yr 

102 312 5304 
144 312 7488 

102 312 5304 
144 312 7488 

102 312 5304 
144 312 7488 

70 360 3600 
360 7200 

360 14400 

360 14400 

remarks 

remarks 

same crusher in 3 shifts 
2 crushers in 2 shifts 

same crusher in 3 shifts 
2 crushers in 2 shifts 

same stacker 
2nd stacker 

same reclaimer 
second reclaimer 

2 raw mills 

2 blending silos 

Annexure 1 Table 10.1 Contd .... 
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Sr. No. section hrS/shift shifts/day 

7 extraction, 
kiln feed 

8 kiln 

9 coal stacker 

10 reciaimer 

11 coal mill 20 

12 cement mill 20 

13 packing and 5 6 
despatches 

hrs/day day/week hrs/week day/year hrs/yr 

24 660 15840 

24 660 15840 

to suit capacity of wagon tippler 

20 7 360 7200 

40 360 14400 

40 360 14400 

30 360 10800 

remarks 

2 production lines 

2 kilns 

same reclaimer 

2 coal mills 

2 cement mills 

2 packing machines 
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CHAPTER 11 

TECHNICAL CONCEPTS 
SECTIONAL AND INDIVIDUAL CAPACITIES 

11.1 Sections of Cement Plant 
A Cement Plant can be broadly divided into following 
sections: 

1. Quarrying 

2. Crushing 

3. Storage of limestone and correcting materials 

4. Raw materials grinding 

5. Blending and storage of raw meal 

6. Pyro processing beginning with kiln feed, 
preheaters and ending with clinker coolers and 
coal/fuel firing equipment 

7. Clinker storage 

8. Coal crushing and storage 

9. Coal mills 

10. Cement mills 

11. Cement storage 

12. Cement packing and dispatches. 

If the plant is making blended cements, then it will 
have additional sections for handling blending materials 
like slag and fly ash. 

11.2 Capacity of a Cement Plant 
The capacity of a cement plant is commonly expressed 
in tons per year (TPA or tpa) or Million tons per year 
(MTPA or mtpa). It then refers to cementis produced. 

It is also quite often expressed as tons per day 
(TPD or tpd). It then refers to the clinkering capacity. 

Thus capacity of kiln is universally expressed in 
tons per day (TPD or tpd). 

Cement capacity is obtained from clinker capacity 
by increasing it by amount of gypsum added to it. 

71 

When making blended cements conversion factors 
as applicable will be used to convert clinkering capacity 
into cement capacity. See Chapter 8, Table 8.1. 

11.3 Sectional Capacities 
Capacities of other sections are commonly expressed 
in tons per hour (TPH or tph). 

For example, for crushers it is stone crushed in tph; 
for mills it is materials ground in tph; for packing it 
would be cement packing in tph. 

Despatches would commonly be expressed in tpd. 

A Plant designer has to break up Overall Plant 
Capacity into capacities of various sections mentioned 
above. 

11.4 Arriving at Sectional Capacities 
These are calculated by using (a) conversion factors, 
(b) margins and (c) running hours in respective sections 
as explained in Chapters 8 to 10. 

Simply put, 

Rated capacity x margins 
x conversion factors 

sectional capacity = --------
running hours 

in the pertinent section. 

This is illustrated by the following: 

1. Design capacity 10 %, factor 1.1 

2. Let Rated capacity be 1 m.t.p.a. cement 

Clinkering capacity m.t.p.a. including design 
capacity = 1.1 x 111.04 (4 % gypsum) = 
1.06 mtpa. 

3. design capacity of kiln = 1.06 mtpal330 

= 3200tpd. 
rated capacity = 2900 tpd 
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Capacities of various sections listed above and 
major machineries in them can be worked out by 
applying appropriate factors, margins and running 
hours. Table 11.1 in Annexure 1 illustrates this. 

11.5 Capacities of Major Auxiliaries 
Capacities of major auxiliaries like feeders and 
conveyors are worked out by using pertinent margins 
explained in Chapter 9, Table 9.1. 

Capacities of various fans are dependent on process 
requirements and are worked out using pertinent 
process calculations. After arriving at base requirement 
in terms of volume and static pressure, at rated 
capacities, specifications of fans are worked out by 
applying margins on volume and pressure as explained 
in Chapter 9, Table 9.1. 

11.6 Storages 
Storages are expressed as stocks in tons in number of 
days' requirement and consumption. 

To arrive day's requirements, the procedure is the 
same as explained above and in Chapters 8 to 10. 

However to arrive at space requirement of 
quantities to be stored, two other factors viz, moisture 
content and bulk density have to be taken into account. 

Storages would be dealt with in greater detail in 
Chapter 13. 

11.7 Example of a Cement Plant with a 
Clinkering Capacity of 3000 TPD 

Individual and sectional capacities have been worked 
out by way of example for a 3000 TPD capacity 
(clinkering) plant. See Table 11.2 in Annexure 2. 



Annexure 1 

Table 11.1 Overall multiplying factors and sectional capacities. 

1-Total multiplying factor 
Sr. No item unit design conversion proportion overburden moisture loss margin days! total multiplying 

margin ratio in transit on design week factor 
Multiplying Factors 

1 quarry raising tpd 

1.1 1.6 1 1.1 1.05 1 1 1.17 2.4 ~ 
("") 
~ ;::: ;::;. 

2 limestone tpd 1.1 1.6 0.9 1.03 1 1.17 1.91 ~ 
""-

wet,crushed, (90% limestone) ~ 
;::: 
("") 

3 clay, wet tpd 1.1 1.6 0.1 1 1.2 1 1 1 0.21 .g 
(10% clay) 

<:;' 

~ 
4 sand,wet tpd 1.1 1.6 0.06 1.1 1 1 1 0.12 ("") ..... o· 

;::: 
~ 

5 iron ore/laterite tpd 1.1 1.6 0.02 1.15 0.040 ""-

~ 

wet (2% iron ore) ;::: 
~ 

~ 
1 1 

~ 
6 coal ,wet tpd 1.1 0.17 1.1 1.03 0.21 :;::. 

~ 
~ 

17 % coal consumption ""-

(J 
-§ 

0.18 with 5% safety factor 0.22 ~ 

::: . ..... -. ("1) 

'" 
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Sr. No. item unit design conversion proportion overburden moisture margin days! total multiplying 
...... 

loss n 
margin ratio in transit on design week factor 

C/:J 

7 clinker tpd 1.1 1 1 1 1.1 

8 gypsum, wet tpd 1.1 0.05 1 1.15 1.05 1.1 0.073 
5% gypsum 

9 flyash,wet tpd 

10 bf slag,wet tpd 

11 cement tpd 1.1 1.05 1 1.1 1.271 

12 raw meal tpd 1.1 1.55 1 1.01 1.722 

13 kiln feed tpd 1.1 1.68 1 1.01 1 1 1.870 
for dust loss 

14 pulverised coal tpd 1.1 0.18 1 1 1.02 1 0.200 
with safety 

factor 

Annexure 1 Table 11.1 Contd .... 





Annexure 2 

Table 11.2 Arriving at sectional capacities and daily requirements of a cement plant with a rated capacity of 3000 TPD clinker. 

Basis: Conversion factors, margins and running hours as explained in Chapters 8 to 10 - Tables 8.1, 9.1,10.1 and 11.1 

Sr. No. Section Item multiplying hours/day hourly Daily requirements Remarks 

factors 

Quarries Stone to be raised 2.4 

2 Crushing Limestone to be crushed 1.84 

3 crusher capacity 2.2 

4 clay, wet to be obtained 0.275 

5 iron ore wet, to be 0.042 
obtained 

12 

12 

12 

capacity as processed as received 
tph tons tons 

Design Margin 10 % for All Sections 

600 

460 5520 

550 

7200 Limestone/clinker 
1.6/1 

85 % limestone, 
5 % mosture 

20 % margin on 
above 

825 13 % clay, 20 % 
moisture 

125 2 % iron ore, 15 % 
moisture; 3 % loss 

Annexure 2 Table 11.2 Contd .... 
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Sr. No. Section Item multiplying hours/day hourly Daily requirements Remarks 

factors capacity as processed as received 

tph tons tons 

6 Stacker & stacker 2.6 12 660 20% on crusher 
Reclaimer capacity 

reclaimer 1.76 10 530 assumes only 10 hr 
running, see Chapter 10 

~ 
("') 

7 Raw materials Raw mill 1.76 20 265 capacity on dry basis ;:s-
;: -. 

grinding ("') 
>::l 
'"'-

8 Blending continuous blending g 
;: 

feed rate 1.76 20 265 ("') 

extraction rate 1.91 24 240 raw meal to clinker ~ 
~ 

1 .6; cyclone efficiency 
92% ~ 

("') ...... -. 
9 kiln kiln feed 1.91 24 240 same as extraction <:::> 

;: 
>::l -.. 

kiln, preheater and calciner 1.1 24 137.5 >::l 
;: 

cooler >::l.. 

S" 
>::l.. 

10 clinker main 1.72 24 215 30 % upset condition -. 
~ -. 

conveyors spillage 0.52 24 65 20 % margin above it ~ 
>::l 

30 % spillage --
~ 
~ 
>::l 
("') -. ...... -. 
~ 
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Sr. No. Section Item multiplying hours/day hourly Daily requirements Remarks Cf.l 

factors capacity as processed as received 

tph tons tons 

11 coal grinding coal mill 0.19 20 28.5 coal consumption 16 % 

12 raw coal coal as received 0.21 630 10 % moisture, 3% loss 

13 cement grinding cement mill 1.27 20 190 gypsum5%;10% 
margin above design 

capacity 
14 gypsum wet to 

be obtained 0.07 210 

15 packing and cement bagged / 1.27 15 255 100 % capacity to be 
despatches cement in bulk 6 635 assumed for either 

cement sent by road 1.27 15 255 100 % capacity to be 
cement sent by rail 6 635 assumed for either 



CHAPTER 12 

12.1 Making Clinker 
In Cement Plants the main process and operation is 
'clinkerization'. It takes place in the 'Pyroprocessing' 
section containing Rotary Kiln at its heart, flanked by 
Pre heater and Calciner on one side and Cooler on the 
other side. It produces clinker from raw meal fed to it 
in preheater. 

12.2 Clinkerization Involves 

1. Drying in case of wet kilns only. 

2. Preheating. 

3. Calcination i.e., dissociation of CO2 from 
carbonates in raw meal feed. 

4. Sintering and formation of clinker. 

5. Cooling of clinker. 

It requires heat to be supplied to raise temperatures 
to appropriate levels for processes of preheating, 
calcining and sintering. Heat is supplied to calciner and 
in kiln by firing fuel in them. 

System exit gases from this section consist of: 
(i). Combustion gases from fuel fired. 

(ii). CO2 released from carbonates in feed. 
(iii). Excess air admitted in the system to ensure 

combustion. 
(iv). False air entering system by way of in leakages. 
(v). Vapor from water in feed and coal. 
(vi). Air used to convey raw meal into preheater. 

12.3 Kiln Exit Gases 
Gases from combustion and dissociation can be 
calculated quickly by using empirical formulae. Let coal 
be the fuel fired. 
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PROCESS GASES 

Let 

H = useful calorific value of coal in kcal /kg coal 

A = theoretical air for combustion in nm3/kg 

= 1.01 x H/1000 + 0.5 nm3/kg coal 

m = excess air in % 

G = products of combustion in nm3/kg coal 

= 0.89 x H/1000 + 1.65 nm3/kg coal 

q = sp. heat consumption in kcal/kg clinker, then 

V = exhaust gases leaving system 

= qlH x (G + mllOO x A) nm3/kg clinker 

In this formula m represents excess combustion 
air and also false air. 

In klin preheater system, excess air is taken as 10% 
and total false air as 15%. Therefore m = 25%. 

Example: H = 4500, q = 750 and m = 25 

Then V = 1.15 nm3/kg clinker 

CO2 released can be calculated from LOI of kiln 
feed. For quick calculation it is taken as 0.3 nm3/kg 
clinker 

Conveying air is 0.1 nm3/kg if air lift is used to lift 
raw meal into preheater and 0 if bucket elevator is 
used. 

Therefore total gases leaving preheater would be 

A With air lift = 1.15 + 0.3 + 0.1 = 1.55 nm3/kg 
clinker 

B With elevator = 1.15 + 0.3 

Rounding off they would be 1.6 and 1.5 nm3/kg 
respecti vel y. 
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12.4 Sp. Gas Volumes 
Sp. gas volume decreases with increase in calorific 
value of coal and with decrease in fuel consumption 
as shown in Table 12.1. 

Table 12.1 

Calorific value Sp. gas volume in 
of coal nm3/kg clinker 

Kcal/kg Sp. Heat consumption 
Kcal/kg clinker 

700 750 I 800 
4300 1.49 1.&1.64 
4500 1.46 1.5 1.63 
5000 1.41 1.49 I 1.56 

Assume air lift to convey feed 
As explained in Chapter 9, at design stage it would 
be prudent to round off and keep a margin of 5 % to 
calculate gas flows and fan capacities. 

12.5 Gases used for drying 
Kiln and preheater gases are used for drying in mills
always in raw and coal mills. 

Earlier cooler gases were used to dry coal in coal 
mills. Now preheater gases are preferred because they 
are inert. 

Cooler gases are also used to dry in cement mills if 
required. 

Heat content of gases depends on their 
temperature, and quantity of gases required, on the 
quantity of water to be evaporated. Roughly sp. heat 
of air I preheater gases could be taken as 0.3 kcall nm3. 

12.6 Heat Required for Drying 
Quantity of heat required to evaporate 1 kg water 
depends on the initial moisture content and on material 
to be dried. Table 12.2 shows approximate values for 
limestone and coal. 

Table 12.2 Heat required to evaporate 1 kg of water 
in kcal. 

Material Initial moisture % 
4 6 10 12 

limestone 1600 1300 1200 1150 
coal 1800 1500 1300 1250 

Roughly it could be taken as 1200 kcall kg both for 
limestone and coal because of the difference in their 
moisture contents. 

12.7 Quantity of Water Evaporated 
Quantity of water evaporated is calculated as follows: 

mw = % moisture in feed; mp = % moisture in 
product 

P = Output of mill with mp % moisture in kglhr 

Water evaporated W kg/hr = P x (mw-mp)1 
(IOO-mw) 

12.8 Quantity of Gases Required 
Let T be temp. of gas available for drying; 'S' its sp.heat 
at that temp.; and A, ambient temp. 

Then heat content H of gas would be 

H = I x (T-A) x S kcall nm3 

Quantity V of gas to be brought for drying would 
be V = W x 1200 I H nm3lhr if heat of grinding is 
ignored. 

Approximately 80 % of power drawn in case of 
ball mill and 60 % in case of v.r. mill is converted into 
heat which is available for drying. 

If S = Power drawn by mill in kw then heat of 
grinding useful for drying = 0.8 x S x 860 kcalslhr for 
ball mill and 0.6 x S x 860 kcal/hr for v.r. mill are 
available for drying. To that extent quantity of gases 
to be drawn from preheater would be reduced. 

12.8.1 Gases Leaving Mill Systems 
Gas leaving mill system would be 

V + W/0.805 + leakage in system in nm3lhr 

Leakage is taken as 10 % of gas brought in 

It is then converted into actual volume at actual 
temperature. With number of stages of preheater going 
up to 6, temperature of gases leaving preheater has 
come down from:::: 350°C for a 4 stage preheater to 
270°C for a 6 stage preheater. 

Total quantity of gases in raw and coal mill systems 
at inlet and outlet can be calculated in this fashion. 

System resistance is calculated to arrive at 
specifications of fans. 

12.9 Vent Gases 

12.9.1 Cooler Vent Gases 
Approximately 2.2 to 2.5 nm3/kg of clinker air is 
admitted into cooler for cooling. About 0.8 to 0.9 nm3/kg 



is used up as air for combustion. Balance is required 
to be vented. This air is hot - temperatures ranging 
from 150 to 300°C and contains clinker dust. It is 
vented through dust collectors - mostly esps. 

12.9.2 Venting of Material Handling Systems 
In material handling systems mechanical and 
pneumatic, there is displacement of air which needs to 
be vented through dust collectors. 

12.9.3 Venting Main Machines 
Main machines like mills, crushers, separators also need 
venting. 
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Suppliers of machines furnish data on vent volumes 
and dust contents there of. This data is used to calculate 
total quantity of gases to be vented in each section 
and to select numbers and sizes of dust collectors in it 
as also specifications of fans. 

In Section 6 on detailing, these matters will be dealt 
with further. 

They have been mentioned here so that a total 
picture of contents of various sections of a cement 
plant would be clear. 



CHAPTER 13 

13.1 Storages 
Storages are stocks of materials to be maintained in 

between one part of the process and another to maintain 

continuity of operation in the event of a breakdown in 

a section. 

Stocks are maintained of: 

1. Raw materials i.e., limestones and additives 

like clay, iron ore, gypsum and blending 

materials fly ash and slag. 

2. Fuel Coal/oil 

3. Semi Finished product Clinker 

4. Finished Products Cements 

13.2 Daily Requirements of Various Materials 
In a large plant of 3000 tpd capacity, the daily 

consumption / production of various materials at design 

capacity is arrived at as explained in Table 9.1 of 

Chapter 9, and Table 11.1 of Chapter 11. 

For example 

See Table 13.1 

13.3 Conventions in Storing Various 

Materials 
Conventionally, storages, expressed in terms of 

daily consumption, are maintained as shown in 

Table 13.2. 
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Table 13.1 Daily requirements of a 3000 TPD 
cement plant. 

Factor Tons 

Quarried stone 2.4 7200 

Crushed Stone wet 1.9 5700 

Raw Meal consumption 1.72 5200 

Raw meal kiln feed 1.87 5600 

Coal wet 0.21 630 

Additive Clay wet 0.27 810 

Iron Ore wet 0.04 120 

Gypsum 0.07 210 

Cement o.p.c. 1.27 3810 

Fly ash 0.41 1230 

slag 1.87 5600 

Cement p.p.c. 1.69 

~ Cement slag 3.21 

Table 13.2 Storages to be maintained. 

Material 1st unit after duplication 
No. of days 

Uncrushed Nil Except in special 
Limestone cases 

Crushed 6-7 days 5 days 
Limestone 

Additive Clay 30-45 30 days 
d 

30 days 30 da s 

30 days 30 days 

20da s 14 da s 

Clinker 14 days 14 days 

Cement 7da s 5 days 

Raw Meal 2 % days 2 days 

Pulverised Coal 8 hours 8 hours 



13.4 Factors Governing Storages 
Factors governing storages to be maintained for 
materials bought from outside would be : 

1. The distance over which these items are brought, 
time taken in processing the order and actual 
receipt of material at site have to be taken into 
account. 

2. Continuity factor, reliability of source/s. 

3. Climate or weather factor, like differences in 
moisture content in dry and wet seasons and 
necessity to maintain stocks dry. 

13.5 Storages of Semi Finished 
and Finished Products 

Factors governing storages of semi-finished products 
and finished products within the plant are: 

1. Frequency and duration of breakdowns in 
respective sections. 

2. Process requirements like blending operations, 
which influence quantity to be stored. 

3. Interruptions in production for long periods for 
brick lining of kilns changing and grading of 
grinding media and lining plates, roller liners etc., 
for ball and vertical mills. 

13.6 Storages in Various Sections 

13.6.1 Quarry 
Breakdown of shovel 1 dumper can cause disruption in 
supply of stone to crusher; but at least 3 shifts are 
available per week for maintenance; normally standby 
units are also provided. Therefore no stock of 
uncrushed stone is normally maintained. 

13.6.2 Crusher 
Crusher breakdown will stop quarrying operations; will 
disrupt milling operations unless there is a stock of 
crushed stone. Often crushers are far from the plant. 
Maintenance jobs like changing hammers, liners etc., 
can take longer than time available per week. Therefore 
7 days' stocks are normally maintained between crusher 
and raw mill. 

13.6.3 Stacker Reclaimer 
Stacker reclaimer system design depends on degree 
of blending required. It depends on number oflayers in 
the stock pile, which in tum are decided by quantity of 
stone in stockpiles. 
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13.6.4 Raw Mill and Blending 
Blending silo does not receive raw meal when raw 
mill stops. Kiln stops when raw meal is exhausted. 

Major stoppages of raw mill for change of lining 
plates, rollers, grading of grinding media can take - 2-3 
days or 6-9 shifts (normally such jobs will be 'planned' 
in advance to coincide with stoppage of kiln). However 
for maintaining running of kiln, raw meal stocks of 2-
2Y2 days are maintained. 

Continuous blending like stacker reclaimer depends 
for blending effect on no. of layers formed and broken 
during extraction. 

A continuous blending silo, is never emptied to 
contain less than 40% of its capacity. This is also a 
factor which decides size and capacity of raw meal 
storage. 

Kiln feed 
It is prudent to have a standby kiln feed system to 
maintain continuity of kiln operation rather than create 
a large intermediate storage immediately after the raw 
meal storage. A small bin on load cells holding 15 to 
20 minutes' requirements of raw meal is provided. 

13.6.5 Preheater - Calciner - Kiln and Cooler 
As the material is continuously processed from the 
time it enters preheater till it leaves clinker cooler there 
cannot be any intermediate storage. 

When cooler stops, kiln stops, coal firing stops; coal 
Mill stops (when bin is filled up). 

Kiln is stopped only in emergencies as sintering is 
a continuous process. Kiln stoppages are planned for 
brick lining. To allow for maintenance, as mentioned 
earlier, number of working days of kiln are taken as 
330 only. 

Clinker stocks serve two purposes. First they allow 
kiln to run when cement grinding has stopped for some 
reason. Secondly they allow mills to run continuously 
when there is a spurt in demand for cement. 

Kiln is sized for working for 330 days i.e., a million 
ton cement plant, with 360 working days per year would 
require a kiln of 1,000,000/(1.04 x 360) = 2670 tpd 
rated capacity.; but because it is sized for 330 days, 
the rated capacity would be 2910 tpd. This difference 
makes it possible to build up clinker stocks. 

13.6.6 Cement 
Cement storage would depend on continuity to be kept 
in supplies of cement to meet demand at all times promptly. 
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Table 13.3 Storage of crushed limestone. 

Covers ion ratio 1.55 : 1, 85% limestone 

1st phase 2nd phase 

Plant capacity 3000 tpd 6000 tpd 

With design margin 3300 tpd 6600 tpd 

Crushed Limestone/ day 4350 Tons 8700 Tons 

7 days' stock in both phases 30,500 Tons 61000 Tons 

2 Stock Piles Each 30,500 Tons Each 61,000 Tons 

5 days' stock in 2nd phase 43,500 Tons 

2 stock piles Each 43,500 Tons 

Thus capacity could be increased by extending existing stock piles by 50 %. 

This is in tum is governed by average radius of the 

market and modes of transport and time taken for 

cement to reach market from the date of receipt of 

order. 

Further, demands fluctuate. There could be sudden 

bunching of orders as well as lean periods. 

Cement mill is sized to allow for bunching of orders: 

storage is sized to allow for slack periods in orders so 

that mills do not have to stop. 

If a cement plant already exists, then it is possible 

to do in depth studying of market and its fluctuations 

to arrive at a minimum safe quantity of cement that 

needs to be stored. 

Only as a thumb rule, about 6-7 days stocks are 

maintained. Normally, in duplication, number of days 

stock could be reduced. 

7 days' stock 

5 days' stock 

Capacity tpd 

3000 

21000T 

6000 

30000T 

Thus, if 2 silos are constructed in 1 st phase, only one 

more silo would be added in the 2nd phase. 

1 st phase - 2 x 10000 T capacity silos 

2nd phase - 3 x 10000 capacity silos 

13.7 Storages After Expansion 
This logic can be applied to other storages also to reduce 
costs of storages as shown in Table 13.3. 

13.8 Storage of coal. 
Let specific fuel consumption be 750 kca1/kg and useful 
calorific value of coal be 4500 kcal/kg. Then coal 
required per day for pt unit and after duplication would 
be as shown in Table 13.4. 

Table 13.4 Requirements of coal. 

1st phase 2nd phase 

Plant Capacity tpd 3000 Tons 6000 Tons 

With design margin 3300 Tons 6600 Tons 

Coal at designed capacity 550 Tons 1100 Tons 

Coal Stocks raw coal with 
10% moisture and 
3% loss in transit 620 Tons 1240 Tons 

20 days' storage 12,400 Tons 24,800 Tons 

14 days' storage 8,700 Tons 17,400 Tons 

It would be prudent to go in for 20 days stocks to 
start with, create storage facilities for same and reduce 
stocks, in the light of experience during expansion, to 
14/15 days. 

Preblending facilities are even more advantageous 
in case of storage of coal as compared to limestone. 
Hence stacker reclaimer systems for coal are becoming 
more popular in case of large plants. 



They can be circular or linear but on a smaller scale 
in size and capacity as compared to limestone. 

13.9 Storage of Clinker 
Clinker will normally be stored under a covered shed. 
It is a semi-finished product. Weathering (without 
getting wet) improves grindability. 

It would be advisable to have separate stockpiles 
of clinker for each kiln. There can however be a 
common stock pile for under burnt clinker and spill 
over. 

It is customary to keep about 14 days' stock of 
clinker. 

Plant capacity - tpd - 3000 Tons 6000 Tons 

designed margin - tpd - 3300 Tons 6600 Tons 

14 days' stock - Tons - 46,000 Tons 2 x 46,(XXHons 
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Inter changeability should be provided for the 
transfer clinker from kiln 1 to stock 2 and vice versa. 

In clinker storages, facilities are always provided 
for storing extra quantity and also under burnt clinker 
and for recovering them. 

13.10 Space for Storages 
Creating storages requires heavy investments also 
considerable space. In a way it is un-productive 
investment. But it helps ensuring production and sales 
but indirectly. 

Therefore it is desirable for keeping down the 
investment, to keep storages to a minimum. 

However, it is also not advisable to cut things too 
fine. Stoppage in production due to lack of storage 
facilities would cause direct loss of revenue. 



CHAPTER 14 

14.1 Machinery Schedules 
Flow Charts are a pictorial presentation of machinery 
and auxiliaries contained in a section. A Machinery 
Schedule lists the machinery in it with details like 
numbers, size and capacity and drive detail with brief 
description. 

It is a very useful document for all activities to be 
taken in developing the design of a cement plant. 

14.1.1 Building of Machinery Schedules 
Chapters 8 to 13 progressively explained how step 
by step numbers and capacities of machinery and 
auxiliaries; capacities of storages and volumes of gases 
to be handled could be worked out- albeit briefly at 
this stage. 

Sizes of main machinery could be obtained from 
Suppliers; or Consultants can use their own experience 
in the matter. 

Drive details are normally furnished by Suppliers. 

Standard Catalogues for commonly used material 
handling machinery are useful in sizing them and in 
selecting drives. 

In early stages of the Project the Schedules so built 
up need not be and will not be final. 

14.1.2 Lists of Motors 
From machinery schedules, lists of motors and gear 
boxes can be built up. 

Lists of motors are useful to design power 
distribution system beginning with various sections of 
the plant and going up to Substation. 
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14.2 A Machinery Sehedule Shows: 

1. name and brief description of a machine 

2. numbers there of 

3. size in form typically used for specific machines 
for example: 

size of ball mill is indicated as 4 m dia. x 8 m 
long 

size of kiln is indicated as 4 m dia x 60 m long 
for belt conveyor 

800 mm wide- 40 metre centres 

4. in brief description would be included 

for mill 

dry, closed circuit, bucket elevator type 

for kiln 

dry, preheater kiln with ca1ciner 

for cooler 

grate, horizontal, 3 grates - 1 static 

for belt conveyor 

horizontal/inclined; troughed-angle of trough; 
angle of inclination 

5. Weight 

6. Drive detail indicating rating of motor and its 
speed 

7. capacities and numbers of hoppers bins and silos 
in section 

for example 

for mill 

hopper for limestone - numbers; capacity in 
tons 



8. refractories when needed in tons, type and 
location. 

9. fabricated items like chutes and ducts and 
working platforms 

In departments like mills and kilns these are 
considerable in size and in total tonnage. 

14.3 Other Uses of Machinery Schedules 
Machinery schedule will also be the basic document 
for building up Capital Costs of machinery and hence 
has great importance. 

Just as it is used to make lists of motors and gear 
boxes, it is also used to list civil construction work in a 
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department including main building, hoppers and bins 
with approximate floor area and number of storeys. It 
is thus useful to make estimates of Capital Costs of 
civil construction. 

Enclosed Annexures 1 to 4 furnish typical 
schedules for just one section of the plant. 

14.4 Annexure 
1. machinery schedule for crushing section, 

2. list of gearboxes, 

3. list of motors, 

4. list of civil construction work in section. 
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Sr. No. 

1 
2 

3 

4 

5 
6 

7 
8 

Annexure 1 

1500 TPD Cemeent Plant Project 
of 

XXXXXXXXXXXXX 
Section: Single Stage Crushing 

Flow Chart drawing no: SPD/CrushinglOOOllA4 

Machinery Schedule For Crushing Section 

Description Nos 

Ramp 1 
Hopper above 1 

crusher 
Apron feeder 1 

Single Stage Impact 1 
Crusher 

Short belt under crusher 1 
Long belt conveyor to 1 

Stacker reclaimer 
Bag filter 1 

F an for bag filter 1 

Sr. No. Gearbox for 

1 Apron Feeder 
2 Short Belt 
3 Long Belt 

Capacity Size 
tph mms 

- -
100 tons -

600 1.8 m wide x 

6 m long 

500 1200 mm diax 
1800 mm 

750 1500x5 m 
750 1000 mm x 

100m 

45000 m3/hr 
50000m3/hr 

at 300 mmwg 

Annexure 2 

List of Gearboxes 

Speed ratio 
Nos Rating KW Input/out put 

rpm 
1 20 1000/96 
1 10 1500/37.5 
1 50 1500/37.5 

Drive 
Remarks 

kw 
- civil 

- civil 

20 Variable speed 
drive 

600 h.t. motor 

10 
50 

50 

Type 

Helical 
Worm 
Worm 



Sr. No. 

1 

2 

3 
4 

5 

6 
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Annexure 3 

1500 TPD Cemeent Plant Project 
of 

XXXXXXXX 
Section: Single Stage Crushing 

Flow Chart drawing no: SPD/CrushinglOOOllA4 

List of Motors 

Motor for Nos 
Rating Speed Voltage 

kw rpm volts 
Apron feeder 1 20 1000 415 

Crusher 1 600 1000 6600 
Short belt 1 10 1440 415 
Long belt 1 20 1440 415 

Fan for bag 1 50 1440 415 
filter 

Compressor for 1 3 1440 415 
filter 

Annexure 4 

Section : Single Stage Crushing 
Flow Chart drawing no: SPD/Crushingl0001/A4 

Civil Construction Work 

Type 

d.c.variable 
speed 

Slip ring 
s.c. 

s.c. 
s.r. 

s.c. 

Sr. No. Description nos 
Area 

Remarks 
m2 

1 Ramp to reach 1 10 m wide x 

crusher 200 m long 
2 Hopperr for 1 60 m2 10 m x 6 m 

crusher 
3 Crusher House 1 200 m2 2 storeys 
4 Foundations for 1 

crusher etc. lot 



CHAPTER 15 

DRAWING SPECIFICATIONS FOR INVITING OFFERS 

15.1 Plant and Machinery to be Procured 
Based on the findings of TEFS and the size of the 
plant proposed to be installed, the Consultants will carry 
out basic engineering and in dialogue with the 
Entrepreneur, fix the basic skeleton of the plant and 
equipment to be ordered. 

15.2 Enquiry Specifications and 
Technical Data Sheets 

It is necessary to invite offers for the Major plant and 
Machinery and auxiliaries. Consultants would draw out 
'Enquiry Specifications' for machinery furnishing all 
pertinent details like: 

1. Raw materials to be used with detailed properties -
physical and chemical - thereof; fuel and its 
properties. 

2. Duty requirements which will stipulate working 
conditions and also indicate properties to be 
achieved during processing like drying to be done, 
fineness to which it is required to be ground. 

3. Desired operational norms to be satisfied like 
sp. fuel consumption and sp. power consumption. 

4. Capacity and various margins to be kept. 

5. Properties which affect sizing, like grindability. 

15.2.1 Technical Data Sheets 
To bring uniformity in the various offers received, 
Consultants will prepare 'Technical Data Sheets' and 
Vendors will complete them and return them with their 
offers. If Vendors cooperate, evaluation of offers 
becomes very easy. 
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15.2.2 
Bureau of Indian Standards have published a great 
many standard enquiry specifications and technical 
data sheets for various machines used in cement plants 
which could be used in formulating enquiries and in 
evaluation of offers. 

15.3 Representative Samples 
Entrepreneur will also make available representative 
samples of raw materials to help Vendors in sizing the 
machinery. 

15.4 Floating Enquiries 
Either the Entrepreneur or the Consultant on his behalf 
will float enquiries inviting offers from reputed Vendors 
who have the expertise in design and manufacturing 
experience in the Machinery. 

To save time, Vendors may be asked to submit 
offers on a specific basis like fixed prices f.o.r.; to 
indicate duties and taxes separately. It then becomes 
easier to understand differences between different 
offers. The scope of supply should also be clearly 
defined. 

15.5 Evaluation of Offers 
Entrepreneur and Consultant must agree upon the 
process of evaluation of various offers. One way is to 
give weightages to specific properties and add them 
up to arrive at rankings of various vendors. 

It is customary to 'short list' 2 or preferably 
3 vendors and carry on further detailed negotiations 
with them. 

Orders would be finalized on those whose offer.s 
are better in long term operations and who can offer 
better 'after sales service'. 



15.6 Responsibility for Performance 
There are other practical considerations such as pin 
pointing responsibilities for performance. From this 
point it is often better to order a whole section from 
one vendor. For example, kiln, preheater, cooler and 
ca1ciner - though it is feasible to order them from 
different vendors. 

15.7 Finalising Orders 
When Consultants submit their recommendations in a 
systematic way, it becomes easy for the entrepreneur 
to decide on the selection. Finalising orders is a long 
drawn out process and sufficient time must be given 
for it. 
(See implementation schedule in Chapter 9 of 
Section 3.) 
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If Vendors follow the guidelines mentioned above, 
offers would be received in similar formats with all 
technical and commercial details and drawings. Less 
time will then be required in discussions and 
negotiations with them. 

15.8 Consultants'Responsibility 
It is Consultants' responsibility to present evaluation 
of all shortlisted offers in a fair and uniform manner 
and to give them weightages using the same yardsticks. 
Final decision would be left with the Company. 

This matter being of great importance, has been 
dealt within greater detal in Section 7. Typical Enquiry 
Specifications (ENQS) and Technical Data Sheets 
(TDS) for principal machinery have been included 
therein. 



CHAPTER 16 

PROPERTIES OF MATERIALS THAT AFFECT 
SIZING AND SELECTION OF MACHINERY 

16.1 Properties of Materials that 
Affect Sizing of Machinery 

In Chapter 11 the procedure of arriving at Sectional 
and Individual Capacities has been explained. 
Preceding Chapters 7 to 10 showed the various steps 
leading to the procedure in Chapter 11. 

For the same duty requirements, different 
machinery would be selected taking into account 
properties of material to be processed. 

For the same capacity, sizes of machinery would 
differ for different materials according to their own 
physical properties and the fineness to which the 
materials are to be ground for example. 

It is therefore necessary to know the impact of 
various such properties of materials being processed 
on the sizing of machinery. 

16.2 Crushing 
Selection of primary crusher is dependent on the size 
of the shovel used as explained in Chapter 2 of 
Section 2 and Chapter 3 of Section 6. 

Power required for the crusher is dependent on 
the crushing strength of the stone being crushed and 
the size reduction obtained in crushing. 

Sizing could also be affected if a crusher is required 
to work in closed circuit as it would receive fresh feed 
plus circulating load. 

Moisture may not affect sizing directly, but there 
could be buildups inside the crusher and time could be 
lost. In crushers required to handle wet stone, breaker 
plates could be rotating so that build ups could be 
removed without requiring to stop crusher. 
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16.3 Grinding Mills 
Grindability is the most important property of a material. 
It is expressed as power required to grind materials in 
standardized conditions like for example, Bond's 
grindability test to establish Bond's Work Index (BWI) 
and also Hard Grove Index (HGI) 

Sp. power required is directly proportional to BWI. 
It is inversely proportional to Hard Grove Index. 

It is inversely proportional to square root of fineness 
of product expressed in microns. 

For example if sp. power consumption is 16 kwh/ton 
when grinding to a fineness of 80 % residue on 
90 microns, then when ground to a fineness of 80 % 
residue on 53 microns, sp. power consumption will 
increase by (90/53)°·5 = 1.3 times; i.e., it will be 
21 kwh/ton. Therefore for the same capacity, mill will 
be so much bigger. 

Multiplying factors are also used when material is 
ground finer than say 90 microns over and above those 
used on account of grindability. 
See Table 16.1. 

Table 16.1 

Blaine 80% Fineness 

surface passing size factor 
microns 

2520 62.4 1.018 

2700 53.6 1.04 

2880 45.7 1.07 

3060 40.7 1.094 

3150 37.6 1.11 

3600 28.2 1.19 
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Ready reckoner curves are available to arrive at 
sp. power consumption for different grindabilities and 
for different finenesses. 

Moisture content in feed also affects sizing in case 
of ball mills. 

Above conditions are also valid for grinding coal 
and cement in ball mills because in case of ball mills 
BWI method has been universally accepted. 

In case of cement mills, sp. power also depends on 
C3S and C2S contents of clinker. 
See Table 16.2. 

Table 16.2 

%C2S Multiplier for output 

5 1.1 

10 1.05 

15 1.0 

20 0.95 

25 0.88 

30 0.82 

35 0.72 

In case of vertical mills, Hard Grove Index is used 
for sizing E Mills. In case of vertical roller mills each 
manufacturer claims to have his own special index for 
sizing purpose. 

Moisture in raw materials or coal decides the quantity 
of hot gases to be brought in the circuit. Output can 
fall if moisture in feed is higher than the design value. 

16.4 Kilns, Preheaters and Calciners 
Kilns, Preheaters ca1ciners are volumetric machines 
and sizing is mainly dependent on capacity. Properties 

like bumability affect temperatures to be maintained 
in burning zone. 

Because they are volumetric, following affect 
sizing: 

1. Altitude, particularly> 300 m above sea level. 
This is because gas volumes are higher on 
account of lower density, 

2. sp. fuel consumption. Lower the sp. fuel 
consumption, lower the gas volumes and for 
same capacity, sizes will be smaller, 

3. division of fuel between kiln and ca1ciner. 
Increase in percentage of fuel in ca1ciner will 
reduce kiln size but will increase ca1ciner size. 

16.5 Dust Collectors 
Bag Filters 
Sizing is dependent on the parameter 'air to cloth ratio'. 
Different values are used for different applications and 
for different materials of bags. 

Glass bags can withstand temperatures up to 240°C 
and hence dilution air required is much less as 
compared to polyester bags which can withstand 
temperatures up to 120 °C only. 

ESPS 
Sizing depends very much on the specific resistivity of 
dust in the gases. Coal has low sp. resistivity as 
compared to raw meal; clinker is worse. 

When clean gas dust burden required is less than 
110 mg/nm3, then it is required to use low migration 
velocities which pushes up sizes of esps 
disproportionately to increase in efficiency. 
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CHAPTER 1 

1.1 Quarrying Limestone 
Process of making cement begins with quarrying 

operations in which lime stone in mines is quarried and 

brought to crusher for crushing. 

Limestone quarries are opencast mines. Often 

limestone appears as an outcrop right on the surface. 

At other times it is under an overburden that can vary 

in depth but is generally less than 3 metres thick. 

Limestone deposits occur in a variety of ways. 

Some are in the form of a hill. Some are plain thick 

slabs; some are fragmented with substantial interstitial 

impurities. 

Deposits are won by mining them. The first step is 

to drill holes, fill them with explosives and blast them 

so as to loosen the rock. 

Loosened rock is collected by shovels and loaded 

into dumpers in mechanized mining. In manual mining 

stone only up to 300 mm in size is loaded into trucks / 

wagons. Therefore stone is subjected to sec:ondary 

blasting to break big boulde~s. 

1.2 Wagon Drills and Portable Compressors 
Equipment most commonly used for drill ing holes in 

rock are truck mounted, compressed air operated 

wagon drills. Size of holes and type of explosive to be 

used would be decided by mining experts to suit the 

deposits. Spacing of holes and their depth will also be 

decided by them according to depth of deposits and 

height of bench. 

See plate 1.1. 

QUARRYING OPERATIONS 

Plate 1.1 Wagon Drill. 

Since power will not be available in mines in early 

stages, portable diesel engine operated compressors 

supplying compressed air at around 7 kg/cm2 would 

be used. Compressors will be shifted from place to 

place by attaching them to tractors. Wagon drills can 

be either truck mounted or pulled by other vehicles 

and hence can be shifted from place to place. If 

compressors are water cooled, provision will have to 

b~ made for its supply. 

Since quarrying is a continuing operation, cement 

plants would prefer to have their own drills and 

compressors along with other quarrying equipment. 



2 Section 2 MACHINERY USED IN MAKING CEMENT 

1.3 Shovels, Dumpers and Bulldozers 
These are the most commonly used earth moving 
equipment used in quarrying operations. They come in 
specific sizes and capacities and are selected according 
to tonnages to be handled per hour or per shift. 
Numbers will depend among other things on: 

1. Number of faces in operation simultaneously, 

2. distance between quarries and crusher and time 
taken for a round trip, 

3. provision for standby for ensuring uninterrupted 
work. 

1.4 Shovels / Wheel Loaders / 
Front End Loaders 

Shovels can be electrically operated but more 
commonly they are diesel operated. They may have 
'track' to negotiate rough and uneven terrain in quarries 
or will have 'tyres'. 

They will be moving along the 'face' and from 'face 
to face'. 

Size is designated by the capacity of bucket 
expressed in cubic yards or cubic metres. Size of 
bucket also decides the maximum size of stone the 
bucket can hold. Annexure 1 furnishes sizes of 
shovels, width of buckets and maximum size of stone 
they can deliver. This in turn decides the sizing of 
crusher as crusher must be big enough to receive and 
crush stone delivered by the shovel. 

Plate 1.2 Wheel Loader. 

Generally crusher opening would be 125 % of the 
max. size of stone. 

Annexure 2 furnishes sizes of Jaw crushers for 
some sizes of shovels. 

Capacities of various sizes of shovels are made 
available by the Manufacturers in terms tons loaded 
per hour. Assumptions made would be number of 
swings per minute, bulk density of stone and efficiency 
of filling which is taken on an average as 70 %. 

Please see rs 62 and rs 63 in Section 8 I.e., 
Reference Section. 

See plate 1.2. 

1.5 Dumpers 
Commonly used vehicles for transporting 'run off mine' 
stone picked by shovels to crushing plant would be : 

1. Self tipping trucks when mining is manual, 

2. rear end dumpers, 

3. tipping railway wagons when stone IS 

transported by company's own railway to 
crushing plant. 

The most common among them are rear end dumpers. 

Shovels load dumpers. Dumpers are heavy duty 
diesel vehicles. 

Open heavy duty body which holds stone is tilted 
end to end hydraulically to unload stone into crusher 
hopper. 



Dumpers come in standard sizes specified by 
carrying capacity expressed in cubic metres or in tons. 
Dumpers are selected to match loading capacity of 
shovels. Numbers are dependent on the time taken 
for a round trip to crusher. Generally for each shovel 
there would be three dumpers. 
See plate 1.3. 

Plate 1.3 

Plate 1.4 

Rear End Dumper. 

Comfortable 

Durable inter connencted 
steering clutches and 
brakes 

Bulldozer. 
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Annexure 3 furnishes typical sizes and capacities 
of dumpers, and also minimum radius of turning and 
optimum gradient for hauling. They are useful in 
designing ramps and roads on which Dumpers would 
ply. 

1.6 Bulldozers 
Bu lldozers are required to loosen over burden and to 
level ground. They carry out several tasks with 
attachments and are an essential part of earth moving 
machinery. Annexure 4 furnishes data on Bull dozers. 
See plate 1.4. 

1.7 Rippers 
If type of deposits permits it, blasting is avoided and 
stone is 'ripped' up from the bed. This avoids vibrations 
caused by blasting. 

Geologists, Mining Engineers and Manufacturers 
of earth moving equipment should be consulted in 
formulating mining plans and in selection of equipment. 
They can advise on costs of operations and help in 
optimizing capital and operational costs. 

Versatile and 
powerful blade 

Special wear resistant end 
bits and cutting edges 
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Annexure 1 

Shovels, their Sizes and Capacities. 

Excavator Shovels 

Sr. No. Nominal Bucket Hourly Operative Width of Max. size 
size capacity capacity weight bucket of stone 

delivered 

m3 tph tons mm mm 

1 100 0.5 154 12 1120 740 

2 220 1 239 21 1250 825 

3 300 1.8 387 31 1660 1095 

4 650 3.7 663 65 2070 1366 

5 1000 5.5 910 95 1940 1280 

6 1600 11 1578 160 2710 1788 

Loading shovels 

Sr. No. Nominal Bucket Hourly Operative Width of Max. size 
size capacity capacity weight bucket of stone 

delivered 

m3 tph tons mm mm 

1 650 4.5 807 67 2320 1530 

2 1000 7 1159 98 2650 1750 

3 1600 13 1865 162 3800 2500 

Annexure 2 

Relation between Sizes of Shovels, Buckets and Jaw Crushers 

SrNo. Size of Shovel Size of Stone Size of Size of Gyratory 

m3 passing bucket Jaw crusher crusher 

mm x mm depth x breadth 

mm*mm mm 

1. 0.57 800 x 875 600 x 900 400 

2. 0.77 825 x 950 750 x 1050 500 

3. 1.15 750 x 900 900 x 1200 520 

4. 1.53 825 x 1125 900 x 1200 520 

5. 2.29 1000 x 1200 1200 x 1500 1200 

6. 3.06 1200 x 1425 1400 x 1800 1500 

7. 3.83 1200 x 1500 1650 x 2150 1800 

Source: Based on Handbook of MIS Hammermilis , U.S.A. 
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Annexure 3 

Rear end Dumpers Sizes and capacities 

Sr. No. Nominal size payload heaped capacity max. speed min. radius 

tons m3 kmph of turning m 

1 35 32 22.5 47 7.16 

2 40 36.5 24 66 10.5 

3 50 54 34 57 9.8 

4 60 55 36.5 62 9.9 

5 70 64 42 65 9.9 

6 85 78 52 65 9.9 

7 90 85 58 65 9.9 

8 100 91.5 61 60 9.9 

Maximum and optimum gradient for hauling in quarries and for crusher ramp is one in sixteen. 

Sr. No. 

1 

2 

3 

4 

5 

6 

7 

8 

Annexure 4 

Sizes of Bulldozers 

Nominal size Blade dimensions Operating weight Drawbar pull 

metres tons 

31 2.42 x 0.75 6.2 

50 3.35 x 0.85 11 

65 4x1.15 16.7 

80 4.3 x 1.1 21.5 

155 4.13x1.6 36 

230 4.3x1.13 23 

355 4.32 x 1.9 44 

475 5.3 x 2.6 95 

Information in Annexures 1, 3 and 4 is based on data furnished by 
Bharat Earth Movers Ltd. 

tons 

7 

10.3 

27 

19.6 

66 

40 

90 

150 



CHAPTER 2 

2.1 Crushing 
The second step in making cement begins with crushing 

of limestone as mined and received. In tum crushing 

operation prepares stone for the subsequent operation 

of grinding or pUlverizing. 

The extent of size reduction in crushing operation 

depends on one hand the 'run off mine' stone as 

received from quarries and the size of stone as required 

by the mills selected for grinding on the other. 

Size of 'run off mine' stone depends on whether 

mining is 'manual' or 'mechanised'. 

Manual mining is relevant only to small plants. 

Mined stone pieces are carried as head loads and size 
is limited to - 300 mms. 

CRUSHERS 

Mechanised mining uses shovels and dumpers for 
bringing stone to crusher. Therefore size of stone is 
directly related to size of shovel used, that is the size 
of its bucket as has been brought out in Chapter 1. 

Ball mills require for grinding size of feed generally 
less than 25 mm.; smaller the better. 

Vertical Roller Mills, Roller Presses and Horo mills 
can receive stone between 75 to 100 mm size. 

2.2 Ratio of Reduction 
Ratio of reduction decides the number of stages of 
crushing required and the type of crushers to be used. 
Table 2.1 shows ratios of reduction for various 
possibilities of mining and grinding mentioned above 
and number of stages of crushing required. 

Table 2.1 

Sr Description 
Manual 

Mechanised Mining 
no mining 

Size of shovel m3 bucket capacity 
1.5 2 2.5 3 4 

1. Size of stone - 300 800x1150 
mms 

900x1200 1000x1200 1200x1400 1200x1500 

2. Type of mill Ball mill 
3. Size of feed -25 mm 
4. Reduction ! 12 46 48 48 56 60 

ratio 
5. No. of stages 1 -< ................. .-......................... 2···· .. ······ .. ·· .. ·· ...... ····· .. · .. · .... ········· .. ···> 

of Single stage hammer crusher for manual mining 
crushing Jaw and hammer crusher for two stage crushing 

6. Type of mill V.R.Mili or Roller Press 
7. Size of feed -75mm 
8. Reduction ratio 15 16 16 18 20 
9. No. of stages 1 Stage 

of crushing Hammer or Impactor 

6 



2.3 Types of Crushers 
Main types of crushers used in Cement Industry to 
crush limestone are: 

1. Jaw Crushers 
single or double toggle 

2. Hammer crushers 
unidirectional or reversible 
full or partial grate bars 
single or double rotor 

3. Impactors 

Single or double rotor 

4. Gyratory and cone crushers 

Jaw crushers and gyratory crushers are used as 
Primary crushers in two stage crushing. Size reduction 
is limited to 5 to 6 : I. Size of crusher designated by 
feed opening is dependent on size of shovel used. 

Hammer crushers and Impactors can be used both 
as Primary crusher in single stage crushing and as 
Secondary crusher in two stage crushing. 

2.4 Jaw Crushers 
In jaw crushers as the name suggests crushing is done 
by exerting crushing force between a fixed jaw and a 
moving jaw which moves back and forth like a human 
jaw. Reciprocating motion is imparted by an eccentric 
and a toggle. 
See plate 2.1. 

Plate 2.1 Double Toggle Jaw Crusher. 
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Jaws can be straight or curved, plain or corrugated. 
Toggle can be single or double. 

Angle between the jaws grips the stone and crushes 
it and pushes it down for further reduction in the next 
squeezing stroke. 

Because of the 'throw' of the moving jaw there is 
always about 15 % oversize in the product of a jaw 
crusher. Production charts give outputs at different 
sizes of closed side settings. Hence if size of product 
is to be restricted, capacity at a setting smaller by the 
throw should be considered. 

Jaw crushers are not run in closed circuit to control 
size of product for the same reason. 

Jaw crushers are slow moving machines. Crushing 
faces are generally made of manganese steel. They 
are replaced when worn out. A toggle is used to adjust / 
maintain closed side setting to suit size of product 
desired and to allow for wear on the jaws. 

Jaws need to be taken out of crusher for 
replacement. They may be in one piece or in two pieces. 

A lifting tackle above the jaw would be provided 
for this purpose. 

A reciprocating feeder is likely to result in rush of 
stone in the mouth of the crusher and jam it. For large 
capacities Apron Feeders are preferred. 
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2.5 Hammer Crushers 
As the name suggests rotating hammers mounted on 
discs pound the stone fed into the crusher against 
breaking plates. Stone is broken into smaller pieces 
and gets further reduced because of reducing clearance 
between tips of hammers and breaking plates. 

The bottom is fitted with grate bars fully or partially 
through which stone crushed smaller than the spacing 
in the grate, passes. 

Over size is subject to repeated pounding till it is 
finished to size. 

When Hammer crushers are unidirectional, only 
one face of the hammers is used in crushing and is 
worn out. Hammers are reversed to bring second face 
in use. Feed must enter the crusher so that rotating 
hammers catch it at a point where impact is maximum. 

Hammer crushers can also be reversible when feed 
falls right on top and crusher can run in either direction. 
It has the advantage that both faces of hammers are 
used for breaking stone without requiring to take a 
stoppage and reverse hammers. 

Grate bars are fixed in cages which are hinged on 
one side for access and replacement. 
See plates 2.2 and 2.3. 

Plate 2.2 Single Rotor Hammer Crusher. 

Plate 2.3 Double Rotor Hammer Crusher. 

2.5.1 Control of Product Size 
Hammers and grate bars are made of manganese 
steel. Hammers are built up by hard facing. Normally 
one set of hammers will be kept ready to replace the 
worn out. In installing built up set, care is taken to 
'match' the hammers so that rotor is not unbalanced. 

Some designs have only partial grate bars. 

Size control is thus two ways - one by adjusting 
breaker plates and two - by adjusting spacing between 
grate bars. Therefore hammer crusher is well suited 
for running in closed circuit to maintain a product of 
fixed size. As a secondary crusher it will often be run 
in closed circuit and particularly when subsequent 
grinding mill is a ball mill. 

It is not necessary to run it in closed circuit when 
the mill is a Y.R.Mill or a Horo mill or when there is a 
Roller Press. 

2.5.2 Various Designs of Hammer Crushers 
In some designs there are two rotors in the same casing 
turning in opposite directions. 
See plate 2.3. 

There are a great many designs of hammer 
crushers and hammers themselves. Presently a smaller 
number of heavy hammers running at high speeds 
ranging between 40 to 50 metres per second are 
preferred. 

Hammers are arranged 3 or 4 to a round and in a 
number of rows held between pairs of discs. There 
are spacers between discs to slide discs along the shaft 
for installing hammers. 

As in case of Jaw crushers, an overhead traveling 
crane with a hoist will be installed to facilitate 
maintenance of hammers. For large crushers a 
hydraulic puller will be installed to take out shaft from 
the side. 

When working as a secondary crusher, it will 
receive feed directly by a belt conveyor from the 
primary crusher. As a primary crusher it will have a 
hopper above it. 

2.6 Impactors 
Impactors have 3 or 4 more blow bars fitted on a rotor 
along its width. They throw stone on impact breaker 
plates and in a series of impacts between plates and 
blow bars stone is fragmented to desired size. 



There are no grate bars for controlling the size. 
Hence impactors are better suited when grinding mills 
are VR.Mills or when a roller press is used as pre grinder. 

Impactors are more prone to wear when stone is 
hard and has high silica in it. Therefore while selecting 
between a hammer mill and an impactor, hardness of 
rock and its silica content should be looked into. 

Blow bars will be made of manganese steel. They 
can be of reversible design so that both edges can be 

Plate 2.4 Impact Crusher. 

Crushers 9 

used for breaking stone. Rotor will be cast steel 
mounted on a shaft of forged steel. 
See plates 2.4 and 2.5. 

2.6.1 Two stage impactor 
In some designs stone is broken to required size in two 
stages in the same casing. Product of stage one is 
broken in stage two. 
See plate 2.6. 

EJ 
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Plate 2.5 Impact Crusher with Push-in type Reversible Blow-bars. 
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Plate 2.6 Two Rotor Compound Impactor. 

2.7 Feeders 

2.7.1 Apron Feeder 
Apron feeder is the preferred feeder for crushers 
particularly for large capacity single stage crushers 
receiving run off mine stone. 

Because of the feeder's upward slope, stone does 
not rush into crusher. It also helps to reduce depths of 
pit in the crusher. It is rugged in construction and is 
slow moving. Therefore widths are more. Its width 
should match the width of crusher. Feeder will have a 
variable speed drive to regulate feed. 

Apron feeder carries on its under side lot of fines 
causing spillage. 

This is collected in hoppers and conveyed by a belt 
onto the main belt. 

See Fig. 2.1. 

2.7.2 Reciprocating Feeder 
Reciprocating feeders are better suited for small 
capacity crushing installations and where mining is 
manual or semi mechanized. 

In reciprocating feeders stone travels along the 
downward inclined and reciprocating carriage. Rotary 
motion of motor is converted into reciprocating by an 
eccentric and a connecting rod. 

1 Crusher hopper 

3 Spillage hopper 

2 Apron feeder 

4 Spillage belt 
5 Hood for vent 6 Cover over apron feeder 

7 Discharge chute to crusher 
8 Inspection door heavy machinery 

9 Chain pulley block! Crane to lift 
10 Chain pulley block to lift boulders 

Fig. 2.1 Apron feeder for crusher. 

Because of its slope, stone tends to accelerate into 
crusher mouth. 
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Fines 
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Fig. 2.2 Reciprocating feeder for crusher. 
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Grizzly for fines 

1 Reciprocating feeder 

2 Supporting stand 

3 Connecting rods-eccentric 

4 Drive 

5 Hopper 

6 Hopper for fines 

7 Fines conveyor 

8 Chains for arresting stone 

1 apron feeder 
2 crusher 
3 belt under crusher 
4 belt under apron feeder 
5 main belt 
6 bag filter 
7 vent ducts 
8 fan 
9 dust return 

7 9 

( 3 

5 

Fig. 2.3 Bag filter in crusher circuit. 

In some designs, part of carriage has spaced bars 
so that stone that does not need crushing falls through 
them and can be fed to the product belt under the crusher. 
See Fig. 2.2. 

2.8 Crushing Wet Stone 
If stone contains wet and sticky clay, performance of 
the crusher is affected. In extreme cases, hot gases 
are passed through crusher to dry out the wet clay. In 
some designs of hammer mills, breaker plate is in the 
form of a turning chain so that adhering clay can be 
scraped off it. 

2.9 Power Consumption in Crushing 
Crushing consumes about 1.5 to 2 units of power per 
ton of stone crushed. In terms of cement it would be 
between 2 to 3 units per ton . 

2.10 Venting of Crushers and Feeders 
Crushers and feeders are vented by collecting vent 
gases and passing them through a bag filter. Rotors of 
hammer mills and impactors behave like impellers of 
fans and displace considerable quantities of air that 
needs to be vented. 
See Fig. 2.3. 
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2.11 Mobile / Semi Mobile Crusher 
In case of large cement plants mines would be spread 
over hundreds of hectares. Leads from working faces 
to the crusher would be short initially but would increase 
by several kilometers in course of time. Operational 
costs of earth moving machinery -dependent as they 
are on cost of diesel oil- are high and they can be kept 
down by not allowing the lead to increase. This means 
crushing unit should move as faces recede. 

Mobile or semi mobile crushers make this possible. 
The complete crushing unit consisting of hopper, feeder, 
crusher and a short discharge conveyor is either 
mounted on a carriage- crawler track mounted or is 
tyre mounted. When the unit is self propelled it is a 

Plate 2.7 Mobile crushing unit - wheel mounted. 

Plate 2.8 Mobile Crushing Unit with crawler track. 

'mobile' unit. When it is required to be towed it is a 
'semi mobile' unit. 

Crushed stone would be conveyed to the plant by 
a system of belt conveyors whose total length would 
increase as crusher is moved further into quarries. 
See plates 2.7 to 2.9. 

2.12 Automatic Sampler 

An automatic sampler is installed to collect samples of 
crushed stone before it is fed to the stock piles. This 
helps in monitoring quarrying operations and also helps 
in ascertaining efficiency of 'preblending' achieved in 
following 'Stacker RecIaimer ' systems. 
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Plate 2.9 Semi Mobile Crushing Unit. 



CHAPTER 3 

3.1 Stacker Reclaimer Systems 
Stacker Rec1aimer Systems are storage and extraction 
systems for crushed and granular materials like 
crushed limestone and coal. 

They can handle material at high rates of feed and 
extraction because conveyors in the systems are belt 
conveyors. 

Materials are stored as triangular stock piles. 
Quantity to be stored is determined by the stocks to be 
maintained in number of days' consumption. 

3.2 Types of Stock Piles 
There are either two linear stock piles- arranged side 
by side or in line; or a circular stock pile. 

-E 

STACKER RECLAIMER SYSTEMS 

In case of linear piles when one pile is built up, 
material is extracted from the second pile. Thus two 
piles supply material to the plant alternately. 
See Figs. 3.1 and 3.2. 

In case of a circular stock pile, pile is formed to 
occupy three fourths of the circle. PIe is built up from 
one end and extracted from the other end. 

Circular piles are generally used for coal because 
capacities and handling rates are small. 
See plate 3.1 and Fig 3.3. 

3.3 Stacker 
It receives crushed stone / coal from the crusher. It 
consists of a movable carriage which moves on rails 
along the proposed stock piles. Length of travel is equal 

? 
1st phase 4 

Fig. 3.1 
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All items to have capacity 
required after expansion 

2nd phase 

Linearly arranged stock piles extend lengths of stock pile. 
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1 Stacker belt 
2 Stacker 
3 Reclaimer 
4 Reclaimer belt to mill 

5,6 Stock piles 
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1 Stacker belt 
2 Swing boom stacker 

3,4 Reclaimers in two phases 

5,6 Redaimer belts 

7 Belt to raw mills 

8,9 Stock piles. phase-1 

10,11 Stock piles. phase-2 

Fig. 3.2 Piles arranged side by side same crusher-swing boom stakcer two reclaimers. 
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Plate 3.1 Circular stacker reclaimer system. 

to length of two piles when they are lineally arranged 
plus some more. Stacker belt goes over this movable 
carriage and drops material it is carrying on a cross 
belt which reaches up to the center of the stock pile 
and which can slew upward and downwards pivoted 
at the feeding end. Material is dropped from this belt 
as the main belt moves at a predetermined rate along 
the pile. When cross belt reaches the end of its travel, 
carriage starts in reverse and deposits another layer 
on the pile. Pile thus gets built up in layers. 
See plate 3.2 

3.3.1 Building up of Stock Piles 
There are many ways in which layers can be spread 
and piles built up; the most common being 'windrows' 
and' chevron'. 
See Figs 3.4 and 3.5 

1 Incoming belt conveyor 
2 Jib 
3 Conveyor belt, jib 
4 Central column 
5 Luffing unit 
6 Jib counterweight 
7 Operator cabin 
8 Raking harrow 
9 Raking car 

10 Scraper chain 
11 Hydraulic chain 

tension unit 
12 Bogie 
13 Outlet hopper 
14 Outgoing belt 

conveyor 

In swing boom type stacker, the cross belt can 
swing by 1800 to form two piles along side. 
See plate 3.3 

3.3.2 Stacker for Coal 
For building up piles of crushed coal different methods 
are used so as to form trapezoidal piles because piles 
are to be restricted to a height of 3 metres. 
See Fig. 3.6 and 3.7 

3.4 Reclaimer 
Rec1aimer consists of a hoe or a rake which dislodges 

. material in layers in small thicknesses from the entire 
cross section of the pile. 

Dislodged material falls on a pan conveyor running 
across the width of the pile and drops it on a belt to 
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Plate 3.2 Stacker. 

Extraction belt 
Feeder. belt 

Reclaimer belt 

Stacking belt 

Fig. 3.3 Circular stacker reclaimer system for coal. 

Plate 3.3 Swing boom stacker and two reclaimers for two production lines. 
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1-Chevron method 2-Windrow method 

Fig. 3.4 Various stacking methods for stacker reclaimer systems . 
. ,,'>, 

, f I I I 1 1 I I I 
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3- Stacking horizontal layers 4- Strata stacking 

Fig. 3.5 Various stacking methods for stacker reclaimer systems to achieve preblending. 

I. 
Stock pile ;;; 12000 T 

1 - h ;;; 2m, b;;; 25, a;;; 20, I;;; 330 

2 - h ;;; 3m, b;;; 30, a;;; 23, I;;; 200 

Fig. 3.6 Stock piles for coal. 

2 maximum 
3 meters 

-350 meters 

-250 meters 

;;; 15000 m3 

Reclaimer--------------~> 

Stacker -E--Room for expansion~ 

Fig. 3.7 Stacker reclaimer system for coal. 
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Plate 3.4 Reclaimer. 

2.5 

c 2 
0 

~~ 
.:;;: c 

1. <1> ro 
"'0<1> 
"'OE .... 
roE 
"'00 c .... 1.0 ro-
W 

I 
0.5 

2000 5000 

~ Number of layers 

Fig. 3.8 Blending effect as a function of number of stacked layers of material. 

take it to hoppers of mills. Thus the hoe and pan 
conveyor also move on rails for the total length of the 
pile. Speed of travel of carriage is variable. Angle of 
hoe may also be adjustable to suit angle of repose of 
the material. 
See Plate 3.4 

3.5 Preblending While Stacking 
Besides serving as storage and extraction system, this 
arrangement of stacking and reclaiming serves one 
more important purpose, that of 'preblending'. 
Because hoe dislodges material across the total cross 
section of the pile, it contains material from all the 
layers of the pile thereby mixing them. This is a great 
advantage for both limestone and coal. 

3.6 Space Required 
Stacker reclaimer systems take a considerable amount 
of space. 

Piles can be fully in the open or partially or fully 
covered. Coal piles will be mostly covered. 

3.7 Blending Effect Achieved 
Knowing the quantity to be stored and the feeding and 
extraction rates, period for building up piles and number 
of layers in forming full pile can be worked out. Extent 
of preblending that can be achieved can also be 
influenced. In general degree of blending achieved is 
5-6 : 1. Blending effect as a function of the number of 
layers is shown in Fig. 3.8. 



With the help of X-Ray analyser it should be possible 
to monitor composition of limestone extracted by 
feeding stone from different sectors of mines to 
crusher. 

3.8 Several Designs of Stacker Reclainer 
System 

There are several designs of the Stacker - Rec1aimer 
systems and they can be 'tailor made' to suit specific 
needs. 
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Capacities of system also depend on allowance to 
be made for expansion. There are many options. 
Crusher may be so selected that it would work in 
3 shifts after expansion. 

Alternatively a second crusher could be added 
during expansion. 

Consequently there could be one stacker rec1aimer 
system even after expansion or there could be two. 



CHAPTER 4 

4.1 Grinding Mills 
Grinding mills are used in cement plants to grind: 

1. Limestone and additives to produce raw meal. 

2. Coal ( or other solid fuels) for firing it in kiln and 

calciner. 

3. Clinker and blending materials to produce O.PC. 
and blended cements like P.P.C. and B.ES. 

Cement. 

4.2 Classification of Mills 
Mills can be classified in several ways. 

For example: 

Wet grinding or dry grinding mill 

Open circuit or closed circuit 

Ballor tube mill or vertical mill 

Air swept or bucket elevator mill 

Drying and grinding or only grinding 

Autogenous mills 

Trunnion bearings or slide shoe bearings 

Mill with wrap around motor 

Annexure 1 shows broad types of mills and duties 

for which they have been commonly used in Cement 

Industry. 

Same type of mill can have different constructional 

features according to its size and application. For 
example, ball mills have trunnion bearings on both sides 

or one trunnion and one slide shoe or both slide shoe 
bearings. Annexure 2 shows broad differences of this 

type. 
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GRINDING MILLS 

Mills will be selected according to type most suitable 
for the capacity and duty required and for overall power 
consumption. 

It would be seen that the most significant types 
used in grinding operations are: 

1. ball and tube mills 

2. vertical mills - ball and roller 

3. horizontal roller mill 

4. roller press with ball mill 

Ball mills have been dealt with in Chapter 4a; 
vertical mills in Chapter 4b and roller press in 
Chapter 4c. Since Horo mills have been a recent 
development, they have been briefly mentioned in a 
subsequent paragraph. 

4.3 Grindability and Power Consumption 
There are several theories of comminution. Most 
commonly accepted theory which is relevant to ball / 
tube mills is Bond's. 

Simply put, this theory states that power input in 
comminuting process is proportional to the surface 
generated in the process and the grindability of the 
material. 

Bond developed 'Bond's Work Index' (BWI) to 
measure grindabilities of various material and also a 
'test mill' and a testing procedure. Using this it was 
possible to work out power required to grind a material 
from a given feed size to a product of given fineness. 
Power drawn can be expressed as an exponential 
function of the diameter of a ball mill. 
See Fig. 4.1 
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Fig. 4.1 Ball mill power chart. 

4.3.1 Hardgrove Index 
A similar index known as 'Hardgrove Index" 
was developed. The type of test mill developed to 
establish Hardgrove Index is very similar in action to a 
vertical ball mill. Hardgrove index is universally 
used to work out power requirements of vertical coal 
mills. 

Plate 4.1 shows relation between HG Index and 
sp. Power when grinding coal. Finer the product, higher 
the sp. Power consumption. 

Relation between BWI and Hardgrove Index can 
be described by the following equation. 

B.W.I. = 435/(H.G.I.)o.91 

However Hardgrove index is seldom used to size 
vertical roller mills. Each manufacturer has developed 
his own index for grindability and hence only he can 
size a vertical roller mill for any specific application. 

See Fig. 4.2, which expresses relation between 
sp. power consumption of the v.r.m. for different values 
of 'Loesche' grindability indices. This relation is not 
universal but is specifically for 'Loesche' mills. 

An important difference between a ball mill and a 
v.r.mill is that for a given load, a ball mill draws 
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spec. power consumption per unit output, 
coal grindability, and product fitness 

b 

a 

(a) Coarse grinding 15 - 35% residue on 0.09 mm sieve 
(b) Fine grinding 5 -15% residue on 0.09 mm sieve 

Plate 4.1 Sp. power in vertical mill for grinding coals 
of different Hardgrove Indices to different 
fineenesses. 

practically same power regardless of rate of feed. On 
the other hand in case of a v.r. mill, power drawn is 
directly proportional to the throughput. 
See plate 4.2 
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Plate 4.2 In a V.A. Mill, actual power consumption 
varies with thruput. 

Unlike ball or tube mills, roller mills are made in 
standard sizes. Same mill gives widely different 
outputs depending on grindability of material. Size of 
mill that comes nearest to the required capacity is 
selected. Motor installed could be smaller or bigger. 

4.3.2 Grindability and Roller Press 

Grindability of the material pressed is reduced by one 
third, when it is passed through a Roller Press. 
See plate 4.3. 
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Plate 4.3 Roller press reduces sp. power 
(improves grindability). 

Pressing operation also produces 30 % fines, that 
is finished product. 

Sp. power for ball mill following the Roller Press 

can be worked out on above basis. 

See Fig. 4.3 and 4.4. 
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ball mill. 

Thus a buyer has to depend on the Supplier to size 
either a v.r.m. or a roller press. 

4.4 Horo mill 
This is a combination of ball mill and roller mill. Mill is 
a cylinder turning on horizontal axis in bearings like a 
ball mill. Instead of charge of grinding media, mill has 
a cylindrical roller turning inside it. This roller grinds much 
the same way as roller and table in case of v. r. mill. 
Horo mill can also take feed size of 75 to 100 mms. 

Mill has a gas circuit like a bucket elevator ball mill 
when drying is done in the mill. Separator will be high 
efficiency separator as in any mill system. The mill 
has been introduced only of late. 
See Figs 4.5 and 4.6 and plate 4.4 

4.5 Drying and Grinding 
When grinding raw materials and coal, it is also 
necessary to dry moisture in them. Normally this is 
done by passing through the grinding system hot gases 
from preheater. However when starting from cold, such 
gases are not available. Therefore Hot gas Generators 
are provided in Raw Mill and Coal Mill Departments 
to provide hot gases of requisite capacity and 
temperature. As they are used only occasionally, they 
would be oil fired. 

In case of coal mills, there is a risk of fire and or 
explosion if hot air is used in the system. Therefore to 
protect the machinery, provision is made to inject inert 
gas in the system or to introduce CO2 from a battery 
of CO2 cylinders. 

Plates 4.5 and 4.6 shows Hot Gas Generator and 
Inert Gas Generator respectively. 

4.6 Drying Filter Cake 
It is also required to dry filter cake when semi wet 
process is used. Flash dryers are used in such a case. 
They are treated separately. 
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9 
Hot gas 

Fig. 4.5 Grinding circuit of horo mill. 

Fig. 4.6 Horo mill - sectional view. 

1 Feed hopper 
2 Weigh feeder 
3 Horo mill 
4 Elevator 
5 Seperator 
6 Bag filter 
7 Fan 
8 Screw conveyor 
9 Hot gas for drying 

6 

3 

1 Feed 
2 Oedustingout let 
3 HoroMili 
4 Material outlet 
5 Grinding roller 
6 Grinding track 
7 Hydraulic pressure cylinders 

Hot gas inlet 
8 Bearings 

4", 



Plate 4.4 Horo mill and its section. 
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1 Material feed 

2 Oedusting outlet 

3 Shell 

4 Material outlet 

5 Grinding roller 

6 Grinding track 

7 Hydraulic cylinder 
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Plate 4.5 Hot gas generator. 

Plate 4.6 Inert gas generator. 
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Annexture 1 Application of various types of mills in a cement plant. 

Sr.No. . Application mill 
ball vertical Roller press Roller press 

& ball mill 
grinding 
primary ./ ./ ./ 

finish ./ ./ ./ ./ 

process 
Wet grinding ./ 

Openl closed 
circuit 

Dry grinding 
open ./ 

closed ./ ./ ./ ./ 

Drying& ./ ./ ./ 

grindinQ 
Materials to 
Be ground 

Raw materials ./ ./ ./ ./ 

coal ./ ./ 

clinker ./ ./ ./ ./ 

slag ./ ./ ./ ./ 

pozzolana ./ 

Type of mill 
Air swept ./ ./ 

Bucket elevator ./ ./ 

External circuit ./ 

Type of separator 
grit ./ ./ 

Mechanical ./ ./ ./ ./ 

High efficiency ./ ./ ./ ./ 

disagglomerator ./ ./ 

Annexture 2 Broad constructional differences in ball mills and vertical mills. 

1 Ball Mills 

Sr.No. item options 
1 2 

1 shell End discharQe Central discharQe 
lenQth short lonQ 

2 f1anQe external internal 
3 mill heads Cast steel fabricated 
4 trunnion Integral bolted 
5 bearings Trunnion, 1 or 2 Slide shoe, 10r 2 
6 girth gear Spur helical 
7 drive SinQle dual 
8 Side Central 

No girth gear 
9 Motor Normal Wrap around 

with Qear box No Qearbox 
10 diaphragms double Double with flow 

control 

Annexture Contd ... 
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2 Verical mills 

Sr.No. item Ring ball roller 
options options 

1 2 3 1 2 3 
1 Rollers balls cylindrical taper Shaped 

shape 
2 numbers To suit size 2 3 4 

of mill 
3 single double Master! slave 
4 Table grooved plain profiled 
5 Liners Single sections 

rollers piece 
6 Throat gap fixed fixed adjustable 

7 separator grit static Whizzer High 
efficiency 

8 maintenance Top ring Rollers Rollers Crane in 
to be removed swing out turn around mill 



CHAPTER 4a 

4a.l Ball Mills 
Ball and tube mills have been the 'work horse' of the 

cement plants all these years. They are truly versatile 

in that they have been suitable for all applications and 

have grown and integrated in their circuits new 

auxiliaries like high efficiency separators. However 

as cement plants grew bigger and bigger and power 

became costlier, alternatives had to be found for mills 

of high capacity and low power consumption. In this 

ball mills have lost to vertical mills. 

Plate 4a.1 Sectional view of a Ball Mill. 
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BALL MILLS 

4a.2 Wet Grinding 
When wet process was used to make cement, limestone 
and correcting materials were ground wet by adding 
about 36 % water to it. Ground raw meal came out as 
a slurry. Mostly ball mills were used for this purpose. 
Ball mill is a cylinder turning on two trunnions in white 
metal bearings. Cylinder is lined with lining plates to 
protect it from wear. In case of very large mills either 
one or both the trunnions (with mill heads) will be 
replaced by slide shoe bearings. 

See plate 4a.l for general construction of ball mills. 
and plate 4a.2 for mill with slide shoe bearings. 
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(a) 

(b) 

Plate 4a.2 (a) Central discharge and external drying chamber. (b) Slide shoe bearings. 

Wet grinding was mostly in open circuit but 
sometimes also in closed circuit in which wet classifiers 
returned coarse fraction to mill for regrinding. 

Mill was divided into 2 or more compartments. 
Grinding media was steel balls and cylpebs (truncated 
taper cylinders). 

Wear rates were high as slurry had to be ground 
fine and acted like a grinding paste. 

In wet grinding rubber lining plates could also be 
used with advantage. They have better wearing 
properties and are much lighter in weight. 

4a.3 Dry Grinding 
When dry process came to be adopted, it became 
necessary to grind dry, limestone and correcting materials. 

Same ball mills were used. Dry grinding was already 
being done in case of coal and clinker in ball and tube 
mills respectively, 

Length of mill depended on the application. For 
raw materials grinding, which was almost always in 
closed circuit, ratio of shell length to its diameter was 
between 1.5 and 2. 



For cement grinding the lid ratio was between 
3.5 to 4.5 for open circuit grinding and between 2.5 to 
3.5 for closed circuit. 

4.a.4 Air Swept and Bucket Elevator Mills 
Mills could be either 'air swept' or of 'bucket elevator' 
type. 

In the first case, material was swept out of the mill 
by air /gas, passed through grit separator and coarse 
fraction was returned to the system for regrinding. 

In case of bucket elevator mills, mill discharge was 
taken by conveyors to a separator. Coarse was returned 
to the mill. 

4a.5 Drying During Grinding 
In case of grinding raw materials, it was necessary to 
dry the materials so that product was dry ground raw 
meal with less than 0.5 % moisture. In case of air 
swept mills drying was done in mill by passing hot gases 
from preheater through the mill. Depending on 
quantum to be dried, mill would have a drying chamber 
or an external overhung drying drum attached to the 
inlet trunnion. Drying chamber or drum would have 

Fig.4a.1 Flow control diaphragm. 
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lifters in it to throw material in the path of the gases. 
See plate 4a.2. 

In case of bucket elevator mills it could be done 
either in mill or in separator by using the same hot 
gases from preheater. 

Presently for large capacities and systems using 
'high efficiency separators' drying is done in mills. 

4a.6 Compartments in a Mill 

Raw and Coal Mills, which are invariably closed circuit 
mills, have two compartments filled with grinding balls. 
Compartments are divided by a double diaphragm. 

Cement mills used to be open circuit. They have 
three compartments. When in closed circuit, they have 
only two compartments. 

4a.6.1 Double Diaphragm with Flow Control 
To improve performance further, double diaphragms 
with flow control have been developed. In ordinary 
double diaphragms, level of charge dropped sharply 
near the diaphragm; it is maintained in case of flow 
control diaphragms thereby improving outputs. 
See Figs. 4a.l and 4a.2. 
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Fig.4a.2 Flow control diaphragm retains material longer. 

4a.7 Charge of Grinding Media 
Grinding balls in a compartment are not of one size but 
contain balls of 3 to 4 sizes in different proportions. 
About 27 to 35 % volume of mill is filled with grinding 
media. Heavier and larger balls are towards feed end 
where material is fed. Sizes reduce progressively as 
material becomes finer. 'Equilibrium charge' is that 
charge where compensation for wear can be done by 
balls of one size only usually the largest size in the 
compartment. 

Grinding media could be made of forged steel, cast 
steel or even cast iron. Cylpebs were mostly used in 
the last compartment and were generally made of c.i. 
They are seldom used now. Presently grinding media 
used are high chrome steel balls. 

4a.8 Lining Plates 
Shell is fitted with lining plates made of manganese 
steel. Now high chrome liners are used which last much 
longer. Lining plates in the first compartment were 
'lifting' type. Grinding action in first compartment was 
largely by impact. Second compartment was generally 
longer. Lining plates in this compartment were of the 
'classifying' type in that they prevented movement of 
media along the length, kept larger sizes near first 
diaphragm and finer towards discharge end. Design 

of lining plates has considerable influence on grinding 
efficiency and hence on specific power consumption. 
For small mills wedged lining plates were used. 
See Figs. 4a.3 and 4a.4 and 4a.5 to 4a.7. 

To provide more surface for grinding by attrition, 
grooved liners have also been developed. 
See Fig. 4a.8. 

4a.9 Power Consumption in Grinding 
Almost 80 % of electrical power consumption is in 
grinding. Typical power consumption figures are 
shown in Table 4a.1. 

4a.l0 Various Designs of Mills 
Different machinery manufacturers have developed 
their own designs for components of the mill like shell, 
mill heads, bearings, girth gears, diaphragms and lining 
plates. 

Mention has been made of 'slide shoe bearings' in 
which a tyre or riding ring is mounted on mill shell. 
This is supported on a pair of slide shoes and rotates 
on them much like a kiln tyre. Mill head is thus not 
required to support the weight of the shell and hence 
its design is much simplified. Slide shoe bearings may 
be at one end only or at both ends. 
See plate 4a.2. 
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adc:J 1 - Lifting liner 

2 2 -Single corrugation liner 

~ 
3 3 - Multiple corruggation liner 

~ 
4 4 - Lorain liner 

~ 
5 5 - Liner in block form 

I 

~ 6 6-8eam type 

Fig. 4a.3 Different designs of lining plates for 1 sl compartment of ball/tube mills. 
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Fig. 4a.4 Different designs of lining plates classifying type for 2nd compartment of ball/tube mills. 
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Fig.4a.5 

Fig.4a.7 

-+-
Bolted lining plates. Fig.4a.6 Wedged lining plates. 

'-+-, 
30lted liners 
lIJedged liners 

1 Grooved liner 
2 Grinding media 

Partially wedged and bolted liners. Fig.4a.8 

Table 4a.1 

Grooved liners for ball mills. 

Ball mills 
Sr.No. Raw Coal Cement 

materials 
KWh/ton material 

1 Wet grindin~ 12 
2 Dry grinding 16 24 

Kwh/ton clinker 

3 Wet grinding 19 
4 Dry grinding 25 For wet 

process 
10 

For dry Process 
6 

Kwh/ton cement 
Wet grinding 18 
Dry grinding 23 For wet For open 

process circuit 
9.6 35 

for dry process for closed 
5.75 circuit 

30 

1 



4a. 11 Aero Fall Mills 
'Aero fall' mills which are mainly used in metallurgical 
industry are large diameter mills, short in length and 
mostly use large pieces of same material for grinding 
- this is also known as 'autogenous grinding'. They 
will have slide shoe bearings. 

4a. 12 Drives of Mills 
Mills have a girth gear and a pinion. It may have one 
drive or two drives of half the ratings. Gear can be 
spur or helical. There is a gear box in between motor 
and pinion shaft. Some times the girth gear and pinion 
are avoided by connecting gear box output shaft directly 
to mill. This is known as 'central drive ' and requires a 
large gearbox with high ratio of reduction. 

Plate 4a.3 Wrap around or ring motor. 
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Dual drive has the advantage that width of the girth 
gear remains the same as for a mill with half rating. 

In very large mills not only girth gear but gear box 
is also eliminated by installing a slow variable speed 
'wrap around' motor on the mill itself. 
See plate 4a.3. 

4a.13 
Ball mills work with all types of separators- grit, 
mechanical and high efficiency. Presently mill circuits 
will incorporate high efficiency separators. More on 
separators in Chapter 5. 

Developments for ball mills have more or less been 
put on shelf after Vertical mills have come into use for 
grinding all the three materials - limestone, coal, and 
clinker for large capacities. 



CHAPTER 4b 

4h.l Vertical Mills 
Ball and tube mills tum on a horizontal axis. Vertical 
mills tum on a vertical axis. There are two variants of 
the vertical mills- ring ball mills and vertical roller mills. 

4h.2 E Mills 
' ring ball mills' better known as ' E ' mill s were 
developed by Claudius Peters. The mill is like a thrust 
ball bearing. Cast steel or nihard balls tum in grooves 
of a pair of rings. Bottom ring is mounted on table 
bolted to the gear box. Top ring is fixed and presses on 
the balls by means of springs or hydraulic cylinders. 
Balls tum in groove and also on their axes. Material to 
be ground is admitted by a chute on the center of 
bottom ring and is forced by centrifugal forces into 
groove to be ground under the balls. Hot gas lair is 
admitted through an annular ring at high velocity. It 
lifts partially ground material as it passes through the 
grit separator above the grinding table . Coarser 
fractions fall back for regrinding before gases enter 
the separator. Coarse fraction from separator also falls 
on to grinding ring for regrinding. Control of fineness 
is by changing settings of vanes of grit separators. 

There are no bearings inside the mill. Hence 
maintenance is minimum. When balls wear down one 
extra ball can be accommodated in the ring. Rings wear 
out and are replaced. There are no lining plates to be 
replaced. 
See Fig. A, Plate 4h.l. 

4h.2.1 E Mills in Thermal Power Stations 
'E mills' have been universally used in thermal power 
stations to grind coal to be fired in boilers. A bank of 
mills supplies ground coal to a boiler; firing is 'direct' 
in that ground coal goes straight to burners without 
intermediate storage. 
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E mills were not developed seriously for grinding other 
materials like limestone and hence size and capacity 
wise their development was stunted. They have been 
used to grind coal in cement plants. When so used, 
'indirect' firing system is adopted to reduce wear on 
primary air fan and in this application can compete 
with vertical roller mills. 

Main advantage of E mills is that they do not have 
any liners to be replaced or any rotating parts that need 
lubrication inside the mill. 

They work under positive as well as negative 
pressure. If under positive pressure, like when they 
are used to fire coal in boilers, a seal air fan is provided 
to protect the gearbox. 

4h.3 Vertical Roller Mills 
The second variant is Vertical Roller mill . Principle of 
operation is the same. 2 , 3 or 4 rollers turning on their 
axles press on a turning table mounted on the yoke of 
a gear box. Pressure is exerted hydraulically. This mill 
also has a built in separator above the rollers. It also 
has an annular ring which admits air at velocity as 
high as 70 m Isec. Material is admitted through a feed 
chute on the center of the table and passes under rollers 
by centrifugal action. Material gets partially ground 
and as it falls over the edge of the table, it is picked up 
by the air Igas. Gas and material circuit in mill and in 
separator is similar to E mill. 

Separators are either grit or stationary separators 
or 'whizzers'. When rotating, separators have variable 
speed drives to change speed of rotor to control 
fineness of product. Cross sectional views of more 
popular v.r.ms have been shown in Plate 4h.l, 
Figs. B to D and Plate 4h.2. 
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t 

(A) Ring Ball 'E' Mill (B) Loesche Mill 

(C) Polysius Mill (D) MPS Mill 

Plate 4b.1 Some well known vertical mills. 
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Plate 4b.2 Atox vertical roller mill. 

Finished product is drawn out of the mill by a fan. 
Gases leaving mill and carrying the product pass either 
through a bank of cyclones first and then enter the 
dust collector or go to the dust collector directly. 

Table is lined with replaceable liners of wear 
resisting material like manganese steel. Rollers are also 
fitted with replaceable liners which can be in one piece 
or in segments. 

4h.3.1 Many Designs of VR Mills 
There are a great many designs of rollers and table 
developed by different manufacturers. A Comparison 
of salient features is shown in Fig. 4b.1. 

4h.4 Salient Features of Vertical Mills 
These mills are dry grinding and operate in closed 
circuit. They are air swept mills. Because large 
quantities of air are admitted to mill for air sweeping, 
mill has a higher drying capacity. Hence mills are used 
as drying and grinding mills for raw material s 
and coal. 

"Because separator is part of the mill itself, number 
of auxiliaries are less . Floor space taken by a vertical 

mill is much less than a closed circuit ball mill of similar 
capacity. 
See Fig. 4b.2 

As in case of E mills, Rollers exert a direct vertical 
force on table which is transmitted to the gearbox. 
Hence gear box for a vertical mill is of special design 
to be able to withstand the thrust load; also input shaft 
is horizontal. 

In case of roller mills, rollers tum on shafts inside a 
very dusty and hostile surroundings. Bearings are to be 
specially designed and lubricated with forced lubrication 
systems. Pressurised seals protect bearings from dust. 

4h.4.1 Pressure Drop in VR Mills 
Because of high velocity of gases at annular ring and 
high circulating loads inside it, pressure drop in mill 
and classifier is high ranging between 600 to 800 mms 
wg. Fan power in mill circuit is therefore high 
sometimes as high as mill itself. This disadvantage has 
been overcome by installing mills with external circuit. 
See Plate 4b.3. 
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Type Roller RoUer Roller Roller Ring ball 

make Loesche Polysius Pftffer(mps) FLS 8abcock/Peters 

Shape of table c+-i±J c-:±-:J : ~ I I I I 

Liners of table Segmental in sections Segmental Segmental --
Shape of rollers -m- ~.- ~ -a-I -fOOt-
Liners of rollers Single piece Single piece Segmental Segmental --
Nos of rollers 2,3,or4 2 pairs of rollers 3@ 120' spacing 3@ 120' spacing 6t011 balls 

Lubrication Required for antifriction bearings of rollers Required for antifriction bearings of rollers Not required 

Application Hydro-pneumatic Hydro-pneumatic Hydro-pneumaUc Hydraulic 

pressure or load individual to each roller individual to each pair to the group of rolers to the group of rollers 
Hydraulic 

Materials for liners Generally Ni • hard for wearing liners Hollow cast steel or 

alloy iron balls 

Type of classifier rotating variable speed 
stationary· adjustable 

rotating variable speed I stationary stationary · adjustable * vanes * vanes 

Pressure drop 
Approx , 800 mmWG, For raw materials Approx, 600 mm wg for coal 

across the mill 

* rotating high efficiency classifier on new designs 

Fig.4b.1 

Fig.4b.2 

Vertical grinding mills, 

Q) 

E 
::J 
(5 
>0 
010 
.£ ~ 
"O M 

o 
N 

o 

o 
4 

Mill diameters 
--+ 

5 

1, Bucket elevator mill 
2, Air swept tandem mill 
3, Equivalent vertical mill 

Building volume required for equivalent output for different mill systems. 
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Plate 4b.3 Vertical Mill with External Circuit. 

4b.4.2 Power Consumption in VR Mills 
Vertical mills are more efficient in grinding for two 
reasons 

1. There is no unbalanced mass like that in ball 
mills to be lifted. 

2. Grinding action in ball mills is kind of hit and miss. 
Grinding action in v. r. mills is more positive. 

Compared to ball mills therefore v.r. mill itself will 
consume about 50 % less power in grinding the same 
material. 

Total power consumption for grinding circuit as a 
whole is also less in spite of higher fan power. 

4b.4.3 Feed Size 
Because of large diameter of rollers , feed size can be 
as large as 75 to 100 mm. Size of stone that can be 
'pinched' by a roller and drawn under it for grinding is 
roughly 5 % of its diameter. 

4b.4.4 Vibrations and Wear 
Vertical mills are subject to vibrations if material is 
too dry. Hence if moisture in raw materials is 
too low, provision is made to spray water inside the mill. 

Wear rates are high if limestone has coarse silica. 
In some designs provision is made to remove 
coarse fraction from inside the mill to reduce silica 
content. 

4b.5 Mill with External Circuit 
High pressure drop in the mill is largely at the throat 
because velocity of gas entering the mill is as high as 

70 m/esc. 
See Fig. 4b.3. 

Velocity can be greatly reduced if pick up size of 
stone over the ring is allowed to be less than 10 mms. 

Larger quantity and coarser fractions fall through the 
ring and are collected and fed back to the mill at the 

top along with fresh feed. 
See Fig. 4b.4. 

Plate 4b.3, showing v.r.m. in external circuit. 

Velocity at throat (annular ring) is reduced to around 

40 m / sec. This reduces pressure drop to about 400 
mrn reducing fan power by a corresponding amount. 
See Fig. 4b.5. 

Table 4b.l shows power consumption of roller 
mill with external circuit and compares it with ball mills. 

4b.6 High Efficiency Separators within the Mill 
Another development relates to incorporating 'high 
efficiency separators'within the casing of the mill to 

replace old static or whizzer separators. This needed 
some modifications to mill housing but almost all 



manufacturers of v.r.mills have adopted these two 
changes with benefit to user in terms of reduced power 
consumption. 
See Table 4b.l. See Plate 4b.2. 

4h.7 Master Slave Rollers 
Master and slave rollers and adjustable throat gaps. 

100 

80 

60 

40 

20 

o 
20 

........... 
..-

40 60 
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For better and more even distribition of material 
around the throat gap, some designs have: 

1. adjustable throat gaps. 
See Figs. 4b.6 and 4b.7 and or 

2. pairs of large and small diameter rollers working 
as master and slave. 
See Figs. 4b.8 and 4b.9. 

~ Pressure drop mill 

alO ~V11 

80 100 

vl~) 

Where vi ,v2 are 
velocities at throat 

--+-Throat velocity m/sec. 

Fig.4b.3 

Fig.4b.4 

Vertical roller mill - throat velocity and pressure drop. 
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Fig.4b.5 Pressure distribution in VR Mil without external circuit. 

Table 4b.1 

Power consumption in mill systems 

3 

-

.,. ... Item unit Ball mills v.r. mills 
Air Bucket Standard External External circuit 

swept elevator circuit circuit And high efficiency 
separator 

1 Sp.power Kwhlton 12 12 6 6 6 
mill only 

2 Pressure mmwg 200-400 200 1100 650 750 
drop 
in mill 

3 Sp. Kwhlton 6 5 8 4 5 
power 
fan 

4 auxiliaries Kwh/ton 0.3 0.5 0.5 0.8 0.8 
5 Total Kwhlton 18.3 17.5 14.5 10.8 11.3 

system 



Fig.4b.6 

Table 

Adjustable throat gap in vertical roller mill. 

Gas 
~ 

g-Throat gap that can be adjusted 

1 Rollers 
2 Table 
3 Throat ring 
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4 Adjustable gap 

Fig.4b.7 Adjustable thraot gap to suit flow pattern of material. 

4b.8 
Vertical Roller mills as large as + 400 tph for grinding 
raw materials capacity have been made and are in 
operation. Presently they are almost exclusively used 

for grinding raw materials and coal. They are 
increasingly coming into use for grinding clinker to 
make cement and for grinding even slag. 
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Fig.4b.8 Slave and master rollers of a V.R. mill. 

M 

S 

Material bed I 
) 

Fig.4b.9 Action of slave and master rollers. 

1 Master roller 
2 Slave roller 

M - Master roller 
S - Slave roller 



CHAPTER 4c 

4c.l Roller Press 
A roller press is like a roll crusher. However, pressure 
exerted between rollers is very high - of the order of 
400 kg/cm2 as compared to common roll crushers. This 
high pressure brings about structural changes in the 
material and it becomes easier to grind; about 30 % 
material gets pulverized to the desired fineness and 
less even if gap between rollers is 6 mm. 
See Figs. 4c.l, 4c.2 and 4c.3. 

Ii -;!2. o 

Fig.4c.1 Roller press - feed and product. 

ROLLER PRESS 

Fig. 4c.2 furnishes comparison between a roll 
crusher and a roller press. 

One roller is fixed and the other movable to exert 
pressure which is applied hydraulically. Feed is fed on 
the rollers by a central chute over the total width of 
the roller. Pressed material comes out as cake. This 
cake is divided into middle fraction and end fractions. 
End fractions are sent back to the press for recrushing. 
See Figs. 4c.4 to 4c.6 Also Plate 4c.1. 

Product 

Particle in microns 

45 
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1b 1a 2b 

.2 .4 

--...... - Particle size microns 

1 a Feed to roll crusher 

1 b Product of roll crusher 

2 a Feed to roller press 

2 b Product of roll press 

Fig.4c.2 Particle size distribution of product from roll crusher and roller press. 

0.01 0.03 0.1 0.2 0.5 2 
---+) Particle size (mm) 

1000 micron 

5 10 20 

Fig.4c.3 Particle size distribution of a clinker sample before and after the roller press. 

50 100 



Fig.4c.4 

Fig.4c.5 

Fig.4C.6 

Action of roller press. 

Action of roller press. 

B 

P 

P 
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1 Fixed roller 
2 Moving roller 
3 Pressure curve 

S1 = Thickness where 
pinching begins 

S = Thickness emerging slab 

df = Bulk density feed 

ds = Bulk density of slab 

o 50 100 150 200 250 s1/s = ds/df 

1. 

! 
I 

B 

Pin mp 

A 

A- Feed 

B - Middlings 

C - End slabs for 
returning to mill 

Roller press-cake at edges collected separately for recirculation. 
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Plate 4c.1 Roller press. 

4c.2 Different Ways of Using Roller Press 
There are various ways in which the roller press can 
be used in the system. 
See Flow Chart 7.1 in Chapter 1 of Section 1. 

l. As a precrusher in open circuit. Cake 
emerging is sent to a ball mill operating in closed 
circuit with a high efficiency separator. Hot 
gases are passed through mill for drying. Mill 
separator circuit is like the usual dry closed 
circuit grinding system. However mill is much 
smaller in size as it has to do less work. 

See Flow Chart 7.8 a in Chapter 7 of 
Section 1. 

2. In 'hybrid' grinding circuit. In it both roller 
press and mill operate in closed circuit. Cake 
from the roller press is sent to a classifier and 
coarse fraction returned to it. Often the fractions 
pressed by edges of rollers are found to be 
coarser than the middle fraction. The edge 

fractions are collected separately and returned 
to press. The middle fraction only is sent to mill 
for grinding. 

See Flow Chart 7.8 b in Chapter 7 of 
Section 1. 

3. Using press only as pressing and grinding 
unit. In this circuit, ball mill is eliminated. Middle 
fraction is sent to a disagglomerator through 
which hot gases are passed for drying. 
Disagglomerated material is passed on to 
separator. 

See Flow Chart 7.8 c in Chapter 7 of 
Section 1. 

4c.3 Power Consumption with Roller Press 
Table 4c.1 shows relative power consumption when 

using roller press in comparison with ball mill. 

Rollers are plain or corrugated. They are built up 
'in situ' when worn out. 
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Table 4c.1 

Power consumption with roller press 
Sr.No. item unit Bucket Roller Roller Roller 

elevator press press press 
Ball mill and ball in only 

1 Power for KWh/ton 
mill 

2 Power for KWh/ton 
press 

3 Power for Kwh/ton 
auxiliaries 

4 total KWh/ton 

4c.4 Roller Press Circuit with Ball Mill 
Roller press - ball mill system has a large number of 
auxiliaries as compared to a vertical roller mill even 
with external circuit. Further when the press is out 
ball mill system though it is self contained is not of use 
as it is too small and grinding media pattern is selected 
to suit size fractions in the cake from the press. 

12 

-

6.5 

18.5 

mill hybrid 
grinding 

8.0 7.0 

2.0 2.0 6.5 

4.5 4 4.5 

14.5 13 11 

Therefore this system has not become very popular. 
Advantages in power savings are more pronounced 
when material is hard like clinker. Therefore roller press 
ball mill system has found greater acceptance in cement 
mill systems. These have been dealt with in 
Chapter 13. 



CHAPTER 5 

SCREENS, SEPARATORS AND CLASSIFIERS 

5.1 Screens, Classifiers and Separators 
Screens and classifiers are devices which separate 
material into fractions size wise. Separators are devices 
which separate air or gas borne solids from air or gas. 

Screens are devices used for crushed and 
granulated materials. Examples are rotating and 
vibrating screens. 

Classifiers are used to separate and classify ground 
materials. Classifiers separate the fractions into coarse 
and fines according to requirements, from feed 
received in suspension in gases / air. Examples are 
grit separator, mechanical air separator and high 
efficiency separator. 

Separators separate ground pulverized material 
from a stream of gases. Well known example is 
cyclones of Preheaters. 

5.2 Screens 
Screens are used in crushing circuits and in preparation 
of aggregates in construction business. 

Their purpose is to divide the feed in two or more 
fractions passing the screens or meshes as required. 

In a single deck screen, feed will be divided into 
two fractions-oversize and undersize. Undersize is 
finished product. Oversize is returned to crusher for 
re-crushing. 

In case of a double deck screen, there will be three 
fractions. 

Screens are thus used to obtain a product of specific 
size. It is thus an important part in 'closed circuit' 
operation of the system. 

50 

5.2.1 Vibrating Screens 
Most commonly used screens are vibrating screens. 
They can be horizontal or inclined. Feed is spread at 
the receiving end evenly across the width of the screen 
and progresses along its length. 

Screens are designated by size of aperture. 
A 6 mm screen will have 6 mm square clear aperture. 
Sometimes apertures are round also. 

Material below the size of aperture falls through 
the screen and is collected as finished product. 

Screens have an efficiency ranging between 50 to 
70 %. That is 50 to 30 % finished product is not 
separated and goes back unnecessarily for re-crushing. 
Quantity that goes back is known as 'circulating load'. 

Thus both crusher and screen should be capable of 
processing fresh feed plus circulating load. 
See Fig. 7.3.2 in Chapter 7 of Section 1 

Vibrating motion is imparted by an eccentric or by 
an electromagnet. 
See plate 5.1 

5.3 Classifiers 
Classifiers serve the same purpose as that of a screen 
for pulverized materials in grinding systems. There are 
three fractions viz. fresh feed, coarse return and fines 
or product. Coarse fraction goes back to the mill for 
regrinding. It is also the circulating load. Therefore 
mill receives fresh feed plus circulating load so also 
classifier. 

Simplest classifier used in mill systems is the 
'grit separator'. 
See Fig. 5.1 



Plate 5.1 Inclined and horizontal vibrating screens. 

D 

Fig. 5.1 Grit separator 

It is used in air swept mills. It is installed in the 
outlet duct from the mill. It consists of a double cone 
and a ring of adjustable vanes installed at top of inner 
cone and a central outlet of adjustable height projecting 
inside the separator. 

Fineness is adjusted by setting angle of vanes. 
Coarse fraction is separated in the inner cone and is 
collected and returned to mill by a screw conveyor. 
Fines are carried by air stream out of the separator. 

A 'Mechanical separator' also used in mill systems 
depends on action of centrifugal forces on particles 
suspended in air stream. 
See Fig. 5.2 
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Fines predeel 

Feed 

Feed is received on a distribution plate and thrown 
by centrifugal force in an air circuit created by the 
main fan at the top. An auxiliary fan suppresses rising 
of particles with the air drawn by the main fan. Heavier 
that is coarser particles drop out and are collected in 
an inner cone and taken to the mill by an air slide. 
Fines are separated from the air stream by cyclonic 
action in the outer casing and are collected and sent 
out as finish product. Fineness of product is adjusted 
by changing blades in number or shape or radius of 
the auxiliary fan. In cement mill systems fineness is 
adjusted by varying speeds of distribution plate and 
auxiliary fan. 
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These separators have an efficiency of 50 to 
55 %. 

In mill systems circulating load is kept intentionally 
high to prevent over grinding. Length of the mill is 
important from this point. Shorter the mill higher the 
circulating load. For raw mills, lid ratio is kept between 
1.5 and 2. For cement mills it is between 3 to 3.5. For 
coal mills it is 1.25. 

Fines lifting zone 
~ 
a 

Separating zone 

In production of cement not only its fineness 
expressed in Blaine surface (cm2 /gm) is important 
but also particle size distribution. 

These separators have a shallow selectivity curve 
and range of particle sizes is very wide. High efficiency 
separators were developed to overcome this disadvantage. 
See Figs. 5.3 and 5.4. 

Control valves 

Auxiliary fan 
Distribution plate 

Fines cone 
1--""'" Return air vanes 

_-f---+---Tailings cone 

---,f------ Fines discharge 
...,.l-L-...,f-------Tailings discharge 

Fig. 5.2 Schematic of a mechanical air separator. 

N a a 0000 
N C"').q l{) <.0 

~ Particle size in mm 

Fig. 5.3 Selectivity curve of conventional separator. 
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0000 
N C"')~LOc.o 

~ Particle size in mm 

Fig. 5.4 Selectivity curve of high efficiency separator. 

5.4 High Efficiency Separators 
High efficiency separator consists of a rotating cage 
of considerable depth. Fresh feed falls over the side 
of the cage. It is subjected to action of air stream 
which enters the casing through an annular ring of 
vanes. Coarse fractions are collected from the bottom 
cone and fines are taken out to a dust collector for 
collecting the product. 

Speed of the rotor is varied by a d.c. motor. 
Quantity of air flow is also adjustable. In some designs, 
angle of stationary vanes is adjustable. 

As compared to mechanical separators , in high 
efficiency separators fines are collected from the air / 
gas stream in dust collectors of high efficiency outside 
the separator itself. 

5.5 Different Designs of H.E.S 
There are a great many designs of high efficiency 

separators. 

See Figs. 5.5 and 5.6. 

Plates 5.2 to 5.6 show some of the different types 

of high efficiency separators. Efficiency of these 

separators is between 70 to 80 %. Therefore circulating 

loads are less. Selectivity curves are near vertical 

straight lines. Majority of particles fall within range of 

3 and 30 microns. 

See Figs. 5.4, 5.7 and also 5.8 

Figs 5.9 and 5.10 show particle size distribution 

and Blaine surface for three fractions viz. feed, coarse 

and fines for conventional and high efficiency 

separators. 

5.5.1 Power Consumption - Saving in Power 

Fig. 5.11 shows saving in power relation to efficiency. 

Fig. 5.12 shows power required by a HES as function 

of product fineness. 

Today high efficiency separators have become an 

integral part of grinding systems so much so that even 

vertical roller mills which have a separator built in the 

mill housing are now fitted with them. 

5.6 
Grinding systems for grinding raw materials and coal 

are similar in that it is necessary to dry raw materials 

and coal while grinding. In cement mills this operation 

is not necessary unless slag or fly ash are wet when 

making blended cements. 
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Sino Trade name Typical sketch Feed dispersion Main classification Other features 
0 
:: 
N 

Notation (F = Feed, P = Prod, R = Rejects, A = Air) 
~ 

1 0- sepa on top angular Rotor with Tangential air > n 
(fuller) plate of rotating vertical blades entry (double) =r:: 

~ 

cage two feed paints guide vanes ceramic lining Z 
A tn 

for air flow on high wear areas ~ 
c::: 
(/). 

tn 
U 

Sepal 
~ 

2 on top cover spiral air entry Z 
(polsius) plate of rotating cage - do - damper control ~ 

> 
central feeding of air flow ~ 

separating air Z 
C1 

fines draw down- n 
tn 

wards ~ 
tn 
Z 
~ 

3 Sepax on impact cone circumferential 
(fls) and in air stream - do-

air entry. Efficient 
feed dispersed drying and cooling 
in air stream easy to incorporate 

in air swept mills 

Fig. 5.5 High efficiency separators of different designs. 



Fig. 5.6 

Sino Trade name Typical sketch Feed dispression Main classification Other features 

Notation (F = Feed , P = Prod , R = Rejects , A = Air) 

4 Sepmaster A+@1 on distributor Rotor with spiral air entry 

(KHO - Wedag) plate above cage vertical bars (single) 
-A 

central feeding guide vanes 

• 
for air flow 

5 SO A A_ on top cover spiral air entry, 
(sturtevant) P+A plate of cage -do- inclined con ical 

deflectors for 

R 
air guidance 

6 aOK 

fA 
on conical distribution spiral air entry, 

(peiffer) 
P+A plate with protrud ing -do- material setteled 

ring in discharge pipe 

R protects from wear 

F~ 
AI 

7 CS 

A+pi~-.}. R on top plate of Rotor with air entry into two 
(O&K) rotating cage vertical blades streams (upper & 

guide vanes bottom parts of 

for air flow rotor) collection 
cyclones provided 
with own 
horizontally 
mounted fans 

High efficiency separators of different designs. 

01 
01 
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Coarse material 

Plate 5.2 QDK Pfeiffer high efficiency separator. 

Plate 5.3 High efficiency separator in closed circuit with external cyclones to separate product. 



Plate 5.4 

Plate 5.5 

Primary air 
(Dust-laden) 

O-Sepa high efficiency separator. 

Rotor 
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c;I 
Fine product 

Secondary air 
(Dust-laden) 

o Coarse grain discharge 

Variable speed 
drive 

Reject 
cone 

RTKM high efficiency separator for air swept ball mills. 
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Plate 5.6 Sepax separator 
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Fig. 5.7 Selectivity CUNe and efficiency of high efficiency separator. 

1. Selectivity curve 
2. Efficiency curve 

Blaine = Feed 2000 cm2/g 
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t3 Fines = 5000 cm2/g 
Q) 

.~ 

.9 
"0 
Q) 
C 
~ 

:::J 
Q) 
0::: 
'<ft. 



Fig. 5.8 

Fig. 5 9 

Fig. 5.10 
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Fig. 5.11 High efficiency seperators efficiency of seperation and power saving in %. 
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Fig. 5.12 Power requirement of the rotor at the production of PZ 35F / PZ 45F. 

Construction wise there is no difference in 
separators of whatever type used for grinding raw 
materials or cement. Though HESs were used mainly 
in raw and cement mills, they are now also used in 
coal grinding systems. 

5.7 Dust Collector for Venting HESs 
HESs require a considerable quantity of air passing 
through them and hence require large dust collectors 
to separate the product from the air streams. Pressure 
drop in the separator is high compared to mechanical 

separator. Fan power is therefore higher. It is 
compensated by the higher efficiency of separation. 

In general HESs are smaller in size than mechanical 
separators and it is often possible to replace mechanical 
separators by HESs. 

5.8 Fluid Bed Separator 
Fluid bed separators have been developed as 
preliminary separators in mill systems which use a pre 
grinding mill to increase capacity. 
See Figs. 5.13 and 5.14 
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Fmm Pigtn~ otting 

~_-L .. 

Air 

Coarse to pregrinding mill 
fludlsed bed separator 

Fig. 5.13 Fluidised bed separator in conjuction with pregrinding mill. 

5 

2 
3 

1 Feed hopper 
2 Pregrinding mill 
3 Elevator 
4 Fluid bed separator 
5 Finish mill 
6 Elevator 
7 Separator 

Fig. 5.14 Mill circuit with pregrinding mill; fluidized bed separator and finish mill. 

5.9 Cyclones 
Cyclones are merely separators. They separate 
pulverized material in a gas or air stream. Collected 
material is either a product or it is passed on to another 
cyclone for further processing. 

Earlier, cyclones were used to collect pulverised 
material in mill systems. Now because of stringent 
pollution norms cyclones are used only as intermediate 
collectors. 

Efficiency of cyclones is dependent on particle size 
distribution in the material. It is almost 100 % for + 40 
micron size particles but drops sharply for small 
particles. 
See Fig. 5.15 

Cyclones in a preheater system is a good example 
of cyclones used to separate material from carrying 
gases. Separated material is passed on to the stage 
below. 

Smaller cyclones have a higher efficiency than large 
cyclones. Therefore often a bank or group of cyclones 
is used to dedust large volumes of gases. 
See Figs. 5.16 and 5.17 

This logic was carried forward to design multiclones 
which are cyclones of.= 150 nun dia arrange:! in groups. 
These were commonly used to clean vent gases from 
clinker cooler. 
See Fig. 5.18 
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Fig. 5.15 

Fig. 5.16 
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example: for particle size distribution as follows 
% 

10 microns 10 
20 microns 20 
30 microns 30 
40 microns 40 
50 microns 50 
over all efficiency = 83.9% 

Efficiency of cyclone dust collector depends on size distribution of dust particles. 

1. 

A v 

2. 
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B 

V/2 

B 

V/2 

Pressure drop across AB = ~P 

Pressure drop across AB = ~P 
D1, D2. D3 = Diameters of cyclones 
V = Volume through system 

Cyclone dust collector single and in group of two. 



Fig. 5.17 

Fig. 5.18 
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Pressure drop across Ab = 6P 
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Efficiency of 03>02>01 
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Dust collector tubes comprising of bank of small diameter tubes 

Multiclone. 



CHAPTER 6 

6.1 Blending Operation 
In preparing raw meal, limestone is mixed with 
additives or correcting materials to produce clinker of 
right composition. Materials limestone, clay, iron ore 
are proportioned while being fed to raw mill. While 
some mixing may take place during grinding it is not 
enough to produce clinker of uniform quality. 

A specific blending operation is therefore necessary 
to produce raw meal of quality that is consistently 
uniform in chemical composition and also particle size 
distribution. 

6.2 Blending in Wet Process 
In wet grinding, product from mill was in a slurry form. 
Liquids were easy to stir and blend. Slurry was stored 
in a silo. Simply admitting compressed air at the bottom 
of the silo did blending. Air bubbled through the height 
of raw meal stored and blended it. 

However raw meal tended to settle down. 
Therefore it was necessary to keep blended slurry in 
agitation. This was done in a 'slurry mixer'. Slurry 
mixer was a shallow tank, 20 to 30 m in diameter. 
A slowly rotating stirrer turning on a vertical axis in 
the center kept slurry in agitation and from settling 
down. 

Slurry mixer was also used to regulate water 
content in the slurry by skimming off water from the 
top. Thus if water content in slurry from raw mill was 
say 36 %, in slurry fed to kiln it would be around 34 %. 

Some times clay was ground separately. A separate 
silo for clay slurry would be maintained. Slurries of 
limestone and clay would be transferred to a third silo 
in required proportions and blended in it by aeration as 
before. 
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As a matter of fact the ease of this blending is 
what gave such a long life to wet process. 

6.3 Blending in Dry Process 

6.3.1 Preblending 
In dry process plants, 'blending' is taken to include 
Preblending also. Preblending is achieved in 'Stacker 
Reclaimer' systems as described in Chapter 3. 

The degree of blending that can be achieved is 
5-6 : 1. 

That is if CaC03 varies between ± 5% in feed, the 
variation in material extracted from piles would be 
± 1%. 

To obtain uniform quality of clinker it is necessary 
to keep the variation in carbonates in kiln feed to ± 0.2 % 
measured as a standard deviation. 

If in preblending degree of variation has been 
brought down to ± 1 %, then the blending to be 
achieved in homogenising silos is restricted to 
1/0.2 = 5:1 

6.3.2 Blending of raw meal 
In dry process, product from raw mill is a dry 
pulverized powder. 

Techniques used for aeration of slurry were not 
suitable for blending dry raw meal. 

Fluidisation techniques developed in forties of the 
last century, made blending of dry raw meal possible. 
In fluidisation, air at comparatively low pressures is 
passed through the raw meal stored in a flat bottom 
silo. Silo was fitted with porous tiles overall of its area. 



Air emerged through the tiles and fluidized raw meal 
over them. It became lighter and tended to rise in 
volume due to reduction in its bulk density. Such 
fluidized raw meal behaved like a liquid and tended to 
flow if aerating surface was at a slope. That was the 
beginning of 'air slides' and also of 'Batch blending'. 

6.4 Air Merge Batch Blending Systems 
In 'batch blending ' systems, a blending silo was 

designed to receive raw meal ground by the raw mill 

Raw meal as received 

+2% 
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in 8-10 hours. This was the size of the 'batch'. This 
batch was then blended by 'air merge blending'. Each 
manufacturer has its own designs and equipment for 

air merge blending but basic principle is the same that 
is to 'fluidise' raw meal , create differential densities 
within the silo by supplying air at different pressures 
and in different quantities to sectors of the silo so that 
circular movements of raw meal take place in vertical 
planes, thereby homogenising raw meal. 

See plates 6.1 6.2 and 6.4. 

Blended raw meal 

Plate 6.1 Blending effect in a quadrant blending system. 

Plate 6.2 Blending cycle and progress of blending in a quadrant blending system. 
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Plate 6.3 

Plate 6.4 

Holding silo 
2 Blending silo (1 nos) 
3 Storage silo 

,'\ A \, 

;'.~ 

Batch blending system 
Double deck silos 
2 blending silos (2 nos) 
3 storage silos (2 nos) 

Arrangements of double deck batch blending systems 

Piping and aeration media for bottom of the blending silo in a batch blending system. 



Blending effect (also known as blending efficiency) 
achieved is between 8: 1 to 10: 1. That is if standard 
deviation in raw meal feed to silo is ± 2 %, then 
standard deviation of blended raw meal would be 
± 0.2 %. Since a deviation of 0.2 to 0.3 % is tolerated, 
'preblending ' would generally not be required. 

Operation of the system is such that X-Ray analyzer 
would also not be required. Therefore batch blending 
system is eminently suitable for small plants. 

In subsequent developments in the batch blending 
system, blending and storage silos were arranged in 
'double deck systems' that is blending silo on top and 
storage silo under it. It eliminated one pumping 
operation and saved power. 
See plate 6.3. 

6.5 Continuous Blending 
As plant sizes grew raw mill capacities also grew. A 
3000 tpd capacity plant required a raw mill of 240 tph 
capacity. A 10 hours batch would be 2400 tons requiring 
large silos. 

Large kilns also required stocks of 2 - 2 Y2 days of 
raw meal as a buffer stock between grinding and kiln 
sections. A 3000 tpd kiln would require a storage of 
12-15000 tons of raw meal. 'Batch blending system' 
requiring 4 silos in double deck system would be quite 
expensive. 

It was more economical to construct a single large 
diameter silo - rather than a number of small silos. 
However this silo would have to achieve necessary 
degree of blending. Thus the 'continuous blending' 
system was evolved. As the name suggests, operations 
of filling, blending and extraction are carried out 
simultaneously and continuously. Because of 
'preblending' achieved in stacker reclaimer system, 
as mentioned earlier blending effect required in the 
blending silo was only 5: 1-6: 1. The continuous system 
was able to achieve it. 

6.5.1 Operation of Continuous Blending System 
In continuous blending horizontal layers are broken and 
extracted across the cross section of the silo like 
scraper of the reclaimer. 

Because of continuous and simultaneous operations 
of filling, blending and extracting, it was no longer 
necessary to have separate silos for blending and 
storage purposes. Same silo serves for both blending 
and storage. 
See plate 6.5. 
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A typical chart showing blending effect acheived 
as compared to variation in feed is shown in 
plate 6.6. 

\ / .,,- . ./ 

Plate 6.5 Continuous blending system. 

6.6 Continuous Blending Silo 
Thus continuous blending silos of 12000-18000 tons 
capacity with diameters 12-18 meters came to be used. 

Aeration of silo bottom for blending and aeration 
is shown in Fig. 6.1. Because of the large diameter of 
the silo aeration would be done sector wise thereby 
reducing capacities of blowers / compressors required. 
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Fig. 6.1 Bottom of continuous blending silo - open airslides for aeration. 

All new plants would be with continuous blending 
system with I large silo of capacity of 2-2 Y2 days 
requirement of raw meal. 

In exceptional cases, where the degree of blending 
achieved in continuous blending is not sufficient to 
maintain a standard deviation of ± 0.2 %, there may 
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be two silos, working in parallel and from which feed 
would drawn simultaneously for achieving further 
blending during extraction. 

Preblending and Continuous blending are 
complementary to one another. Either system by itself 
may not be adequate to achieve the degree of blending 
required. These systems also require that quality is 
checked and measured continuously while building up 
stock piles, while extracting from stock piles, while 
feeding to the continuous blending silo and while 
extracting from it for kiln feed. 

6.7 X-Ray Analyser 
Continuous monitoring is done during grinding of 
limestones and correcting materials in ball I vertical 
mills with the help of computer attached to the 
'X-Ray analyser' which sends signals automatically 
to change proportions of limestone (high and low 
grade), clay - iron ore etc., to achieve a raw mix blend 
which when mixed with raw meal already in the silo 

would maintain raw mix quality of kiln feed within the 
set norms of ± 0.2% standard deviation. 

This will not be possible without an 'X-ray analyzer' 
(or equivalent instant analysis facilities). It would be 
too risky to use stacker reclaimer system and 
continuous blending without an X-ray analyzer. X-ray 
analysers are expensive, as also are automatic sampling 
systems and can be afforded by large plants only. 
However one X-ray analyzer can serve for the whole 
plant to test clinker and cement as well. 

Small low budget plants would therefore be adopting 
conventional batch blending systems. 

6.8 Power Comsumption in Continuous 
Blending 

Power consumption wise continuous blending would 
require less power because it is not necessary for air 
admitted for blending to force its way through the entire 
height of the raw meal in the silo. 



CHAPTER 7 

METERING SYSTEMS FOR RAW MEAL AND COAL 

7.1 Kiln Feed Systems 
Kiln, the main processing unit of a cement plant needs 

to be fed with blended raw meal in the form of either 

slurry or powder or granules to produce clinker. 

The main purpose of a kiln feed system is to feed 

the kiln at any desired rate according to the rate of 

production and to be able to maintain it with a close 

degree accuracy throughout the range. It should also 

be possible to monitor the rate according the 

operational conditions to produce clinker of consistently 

uniform quality. 

7.2 Types of Kiln Feed Systems 
There are three main types of kiln feed systems. They 

are: 

1. Volumetric systems where rate of feed is 

assessed more by volume of slurry or raw meal 

delivered than its actual weight. 

2. Gravimetric systems in which weight of raw 

meal is actually measured as it is fed to kiln. 

3. Indirect systems in which rate of feed is assessed 

by measuring an apparently unrelated quantity. 

Good kiln feed systems should be able to measure 

the rate of feed with a variation of not more than 

± 3 %. Lesser the variation the better. From this point, 

gravimetric systems are more accurate with a variation 

of not more than ± 1 %. 

7.3 Wet kilns 
In wet kilns slurry was pumped into kiln by centrifugal 
pumps. A pot held a specific quantity of slurry and its 
rate of emptying was measured in seconds. This period 
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could be varied by a variable motor. This measurement 
known as 'slurry seconds' was an indication of rate of 
feed of slurry. Knowing the water content in slurry, 
weight of raw meal could be established in kilograms. 

7.4 Dry kilns 
In dry kilns long or preheater kilns or in kilns with lepol 
grate, measurement is of dry pulverized raw meal 
extracted from the storage silo. This measurement 
could be by volumetric or gravimetric measurements 
or by indirect methods mentioned above. 

7.S Volumetric Systems 
In this system screw conveyors and rotary vane 
feeders with close tolerances between casing and 
screw or rotor are used. Speeds of screw or feeder 
are variable. Most often d.c. motors would be used. 
Screws are mounted directly under the serving bin. 
Head of raw meal inside bin is maintained constant by 
using an overflow device or level indicators. This 
ensures that there are no fluctuations in rate of 
discharge due to change of head of material. 

A refinement can be by installing the bin on load 
cells so that weight delivered can be obtained directly. 

See Fig. 7.1. 

7.6 Gravimetric Systems 
In these systems a load cell measures the weight of 
material passing over a belt, which is translated into 
feed in tons per hour by measuring belt speed. Belt 
speed is variable. Gravimetric systems best operate 
with a pre feeder. Pre feeder extracts material from a 
bin. If the bin is on load cell it helps to calibrate the 

system. 
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a 

a 

b 

b 

1 Bin on load cells 

2 Rotary vane feeder with close tolerances & 
variable speed drives 

3 Screw feeder - mostly round - single or 
twin with variable speed drive 

1 Bin 

2 Pivoted screw with close tolerance and 
variable speed drive 

Fig. 7.1 Volumeteric kiln feed system - commonly used firing coal in kiln and calciner. 

Plate 7.1 Weigh feeder in gravimetric system for kiln feed. 

Plate 7.1 shows weigh feeder 

Pre feeder also has a variable speed drive to change 
rate of extraction. Pre feeder and weighing belt or 
weigh feeder work as a pair. 

See Fig. 7.2. 

7.7 Indirect Systems 
Most commonly used indirect systems measure impact 
of falling material on a curved plate which is translated 
into feed rate in tph. 

This system is known as 'solids flow meter'. 
See Fig. 7.3 and plate 7.2. 
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Vent 

i, 
1 Bin 

2 Flow control gate 

3 Weigh feeder 

Fig. 7.2 Gravimetric feed system - weigh feeder as feeder, control gate as pre feeder. 

1 Bin 

2 Rotary vane feeder 

3 Air slide 

4 Solid flow meter 

Fig. 7.3 Solids flow meter as feeder; rotary vane feeder as prefeeder. 

T 
r------ ----/ 
I ; 

I ! 

Control system with 
Solids flow meter 

Measurement 
and 

Control System 

Plate 7.2 Kiln feed system using solids flow meter. 

Solids Flow Meter 
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Fig. 7.4 Flow control gate alone used for kiln feed: 
feed regulated by air pressure of air lift. 

Section "A" 

1 Bin on load cells 
2 Load cells 
3 Cut off gate 
4 Flow control gate 
5 Air slide 
6 Air lift 

1. Cut off gate 

2. Flow control gate 

3. Drive - variable speed 

4. Solids flow meter 

Fig.7.S Flow control gate for regulating feed - used as prefeeder, 

solids flow meter as feeder. 

In another indirect system, pressure of air in the air 
chamber of 'air lift' is used to monitor rate of feed 
with the help of a 'flow control valve'. Other things 
remaining same, air pressure is a measure of rate of 
feed. 
See Fig. 7.4. 

In yet another/indirect system, gamma rays are 
passed thru material -coal- passing over a belt and 
loss in energy is used as an indication of rate of feed. 

7.8 
Most commonly used feeders for kiln feed for large 
cement plants are 'weigh feeders' and 'solids flow 
meters'. Rotary vane feeders with close tolerances 
and 'flow control gates' are the commonly used pre 
feeders. 
See Figs. 7.2, 7.3, 7.4 and 7.S. 

Sometimes a flow control gate is used by itself as a 
feeder. 
See Fig. 7.4. 



Metering Systems for Raw Meal and Coal 75 

3 

(~ 

1 Bin on loadcells 
2 Flow control gate as pre feeder 
3 Weigh feeder (or solid flowmeter) 
4 Air slide to air lift 
5 Flow control gate only as stand by feeder 

Fig. 7.6 Flow control gate as prefeeder and standby feeder for kiln feed. 

7.9 Standby for the System 
A kiln feed system needs a 'standby '. Weigh feeder 
serves as the main feeder and flow control gate as the 
standby. 
See Fig. 7.6. 

7.10 
Kiln feed system taken as whole should include the 
final 'conveyor' to lift raw meal to the preheater. An 
air lift was the most common pneumatic conveyor till 

t 

recently. However it has now been replaced by a belt 
bucket elevator. Standby is then provided by an air 
lift. 

7.11 
There are many variations of the basic systems and 
they can be fitted into a plant layout in several ways. 
These will be dealt with in chapters on layouts. 

A typical kiln feed system installation located under 
the silo \s shown in Plate 7.3. 

7.12 Metering Pulverized Coal for Kiln and 
Calciner 

Just as raw meal is fed to kiln at preheater end after 

metering, coal is fired into kiln and calciner after 

metering. Coal metering systems can be volumetric or 

gravimetric same as for raw meal. 

See Figs. 7.1 and 7 .2~ 

-Because capacities are small, round twin scre.ws 

with decreasing pitch are commonly used.They are 

mounted directly under the bin without a prefeeder as 

shown in Fig. 7.1. 

7.13 Loss in Weight System 
Loss in weight system is also often used to meter and 

fire coal in kiln and calciner. In it, rate of emptying is 

monitored with the help of a computer. 

See Plate 7.4. 
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Loss in weight system generally used for metering pulverised coal. 



CHAPTER 8 

8.1 Preheaters 
Preheaters were developed to take the process of 
heating raw meal to a temperature where calcinations 
or dissociation of CO2 begins, outside the kiln. 

This function was done inside the kiln in long kilns. 
Length of the kiln shortened as a consequence of taking 
the function of preheater outside the kiln. 

8.2 Lepol Grate Preheater 
In case of dry process or to be exact semi dry process, 
the first attempt to take preheating outside the kiln 
resulted in the development of Lepol Grate Pre heater. 
Lepol grate consists of a traveling grate to which 
nodules of raw mix are fed and travel slowly with it. 
Hot gases from kiln at temperatures are passed through 
the bed of granules more than once. Gases entering 
grate pre heater at ~ 1000 °C lose their heat to granules 
and heat them to temperatures of ~ 800°C. Gases 

. leave grate at ~ 180°C. Grate consists of a chain 
turning on a number of shafts inside a refractory lined 
casing. On the chain are fitted grate plates with slots 
for passage of gases. Smaller granules and dust fall 
through the slots and are collected in a chamber with 
hoppers under the gate. The spillage so collected is 
hot and is conveyed by a Redler conveyor to an elevator 
which lifts it and feeds it to kiln. Both Redler conveyor 
-and elevator are made of special heat resisting material 
to withstand high temperatures. Chain and grate plates 
are also subject to h~gh temperatures at least for a 

. part of their travel and are also required to be made of 
heat 'resisting material. 

Besides reduction in fuel consumption as compared 
to long dry kilns, Lepol grate preheatet in the initial 
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years when pollution control laws were not so severe, 
also had the advantage that exhaust gases from grate 
could be let into the atmosphere straight. 

Main disadvantages were high maintenance costs 
and difficulty to maintain sealing in long casing through 
which a large number of shafts projected. 

Control was by changing speed of grate, by 
changing speed of granulator and by flow of gas~. 

Lepol grates were developed up to 2000 tpd 
capacity. Their development stopped after Cyclone pre 
heaters were established. 

8.3 Cyclone Preheaters 
Cyclone preheaters are a series of cyclones arranged 
one over the other. Gases from the kiln enter the bottom 
cyclone through a riser duct. In this duct raw ' meal 
collected in the stage above is introduced. Raw meal 
is picked up by kiln gases and carried into the cyclone . 
In this journey gases transfer their heat to raw meal 
which gets heated further. When gases with raw meal 
in suspension enters the cyclone, raw meal is separated 
from gases by cyclonic action and gases go to the 
cyclone above it. Raw meal on the Ol~ler hand enters 
the kiln. Each cyclone, connecting duct and raw meal 
pipe thus form a 'stage'. The process is repeated as 
many times as there are stages. In the final stage or 
top cyclone, raw meal from kiln feed is introduced from 
the kiln feed system · and gases go to preheater fan 
which draws them through the system. 

In each stage heat transfer takes place when raw 
meal is in suspension in gases which is a very 
favourable condition for transfer of heat. Gases from 
kiln enter bottom cyclone at about 1000 DC. Raw meal 



enters preheater in the top stage at about 60°C. Gases 
leave prheater at ::: 350°C for in a 4 stage preheater 
and raw meal enters kiln at about 800-850 DC. 

8.3.1 Pressure drop in Preheater 
Initially number of stages used to be 4 only. Pressure 
drop across a 4 stage preheater used to be 500 to 550 
mmwg. Any increase in number of stages resulted in 
additional pressure drop which unfavorably offset gain 
in fuel efficiency. Therefore cement industry continued 

H2 
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for quite some time with 4 stage preheaters till cyclones 
of low pressure design were developed. 

Attention was paid by Designers of preheaters to 
the geometry of cyclones and their internals to reduce 
pressure drop. As a result designs have become similar 
and pressure drops comparable. 
See Figs. 8.1 and 8.2. 

Plate 8.1 shows a 5 stage preheater of cyclones 
of new design with low pressure drop. 

D - Clear dia of cyclone 
inside brick lining 

a - Width of inlet 
b - Depth of inlet 
c - Dia of raw material chute 
d - Dia of outlet 
e -Angle of cone 
H 1 - Height of cylindrical 

section of cyclone 
H2 - Height of conical 

section of cyclone 

~~ Are different for 
a1.] different manufactures 

Fig. 8.1 

Fig. 8.2 

Proportions of preheater cyclone. 

1 
tl.p = Pressure drop across 

each stage of preheater 

Pressure drop across one stage of cyclone. 
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Plate 8.1 5 Stage Suspension Preheater with 
low pressure drop cyclones. 

Presently pressure drops in 6 stage preheater are 

comparable to or even less than that in a 4 stage 
preheater of old designs. 
See Table 8.1. 

Table 8.1 

No. of stages Pro Drop across temp. of gas 
Preheater mmwg °C at exit 

4 280 - 300 350 

5 320 - 370 300 

6 400 - 450 270 

As a result, fuel consumption has steadily gone 
down and specific gas volume expressed in nm3 / kg 
clinker has also come down. 

8.3.2 Sp. Power Consumption 
With reduced pressure drop, temperature and reduced 
gas volume specific power for preheater fan expressed 
in kwh/ton of clinker has also come down. 

It is now even less when kiln feed is lifted by a 
bucket elevator and not by airlift. Table 8.2 shows 
typical values for sp. fuel consumption, sp. gas volume 
and sp. power for preheater fan. 

Table 8.2 Operational norms in preheaters 

Operational norms in pre heaters 
Using air lift 

Sr. No. of Sp.fuel Sp. gas Sp. power 
No. stages consumption volume Preheater 

fan 

Kcalkg Nm3 /kg Kwh Iton 

1 4 800 1.65 5.75 
2 5 750 1.55 6.05 
3 6 700 1.45 6.3 

Using elevator 
1 4 1.55 5.4 
2 5 1.45 5.65 
3 6 1.35 5.87 

It would be seen that development of low pressure 
drop cyclones has resulted in bringing close specific 
power consumption of preheaters of 4 to 6 stages. 

Earlier with cyclones of older designs when for 
4 stage preheater, sp. fuel consumption used to be 
~ 850 kcal/kg and temperature at exit used to be 
~ 370°C, sp. power consumption for preheater fan 
used to be + 10 kwh/ton. 

Thus with this development, it has been possible to 
increase number of stages from 4 to 6 without paying 
penalty in terms of power consumption. 

8.4 Developments in Design of Cyclones 
Changes in design of cyclones are related to : 

1. Cylindrical height in relation to clear diameter 
of cyclone. Different ratios are used in different 
stages 

2. relative dimensions of width and height of duct 
entering cyclones. Now in almost all designs ratio 
of width / height is 1 : 2. 



3. Velocity at entrance of cyclones is very much 

reduced. It is now ~ 20-22 m /sec for bottom 

cyclones reducing to ~ 14-16 m /sec for top 

cyclones. 

4. Velocities at exit of each stage are much less 
than velocities at inlet. 

S. Inlet duct is arranged at a slope so that there is 

no accumulation of dust in the duct. 

6. Volute joins the cylindrical portion of the cyclone 

at a slope so that accumulation of dust is avoided. 

7. Bottom two stages have double cones to prevent 
accumulation of material inside cone. Angle of 
cone is also more steep. 

8. design of immersion tubes has seen significant 

changes from point of view reducing pressure 
drop without sacrificing efficiency. 
See Fig. 8.3. 

Preheater design has also been influenced by 

developments of Calciners. Fuel is divided in the ratio 
of 40 : 60 in kiln and calciner 

Presently single streams are used for capacities as 
high as 4000 tpd. Beyond that, preheaters are used in 

two streams to reduce height of the preheater tower. 

Next Chapter on calciners shows various 
arrangements of preheaters and calciners. Preheater 
cyclones shown therein are of new low pressure design 
mentioned above. 

See plates 9.1 to 9.6 in Chapter 9. 

8.5 Preheater in Calciner Kilns 
Because of higher quantum of fuel being fired in 
calciner, preheater stream for calciner is 

correspondingly larger than stream on kiln. This results 
in two dissimilar towers side by side with floors at 
different spacing and different total heights. 

In some designs gases from two streams are mixed 

and divided equally so that the two streams are identical. 

Two stream preheaters can be arranged in a plane 

perpendicular to kiln or in line with kiln. 

Top cyclones used to be twin cyclones. It is not 

uncommon to find single cyclones in the top stage when 
preheater is a two stream preheater. 
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8.6 Feed to Preheater 
Raw meal used to be fed by FK Pumps or air lifts to 
duct between 1 ~t and 2nd stages. Now bucket elevators 
are used. To reduce heights of elevators, 'enmass 
conveyors' are used. 

8.7 Brick Lining of Cyclones 
To reduce radiation losses and weight and size of 
cyclones, insulating bricks or blocks are used between 
brick and steel walls of cyclones in all stages. 

8.8 Various Designs of Preheater 
There are many designs of preheaters and preheater 
systems. Annexure 1 shows relative dimensions of 
cyclones in different stages for a few prominent 
manufacturers expressed in terms of clear diameter 
of the cyclone. In it Humboldt cyclones are of vintage 
design. 

Polysius has been more or less a two stream design 
and was therefore well suited for high capacities. Pasec 
preheater is a two stream preheater where feeds are 
crisscrossed between the two streams. 

Performance wise different designs are close to 
one another. 

8.9 Horizontal Cyclones 
Horizontal cyclones were developed and introduced 
in 2nd and 3rd stages from top to reduce height of 
preheater tower. This has become particularly relevant 
in prehaters with 6 stages where tower heights have 
reached heights of 30 storied buildings. Figs. 8.4 and 
8.S show horizontal cyclones in a preheater stream. 

However the concept has not caught on in that most 
new plants with 6 stage pre heaters have not 
incorporated it. 

8.10 Hurry Clones 
A new development by an European designer is 'Hurry 
clones' 

However not much is known about the actual 
features of the new design cyclones. It appears that 
they could be replace existing cyclones to improve 
operational efficiency of a running plant. 

8.11 
Plates 8.2 and 8.3 show preheater towers and 
preheaters from actual installations. 
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(a) 

(b) 

(c) 

(d) 

1. Outlet duct 
2. Immersion tube 
3. Cyclone 
d = Clear dia of outlet duct 

= Dia of immersion tube 
h = Clear height of immersion tube 
b = Clear height of inlet of cyclone 
Greater h/b, greater efficiency i.e., 
reduced dust loss but higher pressure 
drop h/b > 1 for top cyclone 

General arrangement of immersion tube 

Immersion tube with taper 

Immersion tube with vanes reduce to pro drop. for top cyclone 

1]] 

Opened immersion tube immersion tubes 

Fig. 8.3 Design of immersion tubes. 



Raw meal 

Fig. 8.4 Horizontal cyclone for preheater. 

Saves height of 
pre heater tower 

1 Bottom cyclone 
2 2nd stage 
3 Horizontal cyclone-3rd stage 
4 Horizontal cyclone-4th stage 
5 Top-twin cyclones 

Fig. 8.5 Incorporating horizontal cyclones in a preheater system. 
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Plate 8.3 Preheater Tower. 

Plate 8.2 Preheater Tower. 
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CHAPTER 9 

9.1 Claciners 
Just as development of Preheaters took the process 
of preheating outside the kiln so also Cacliners have 
taken the process of calcination or dissociation of CO2 
from carbonates in raw mix feed outside the kiln. 

In Cyclone Suspension Heaters, retention time of 
gases is about 30 to 40 seconds. In this time raw meal 
gets preheated from a temperature of ~ 60°C to about 
800-850 °C. Calcination process begins at ::::: 600°C. 
Therefore raw meal enters the kiln partially calcined 
say 20 to 35 %. Balance of calcinations is completed 
inside the kiln. 

9.2 Process of Calcination 
Calcination is an endothermic process during which 
temperature of raw mix remains constant. Heat is 
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required to be supplied for calcinations as per chemical 
reaction shown below: 

CaC03 = CaO + CO2 - 420 kcals. 

In calciners , raw meal is taken from the last but 
one stage of preheater and taken to a vessel where 
heat for calcination is supplied by firing fuel in it. 
Preheated air for combustion can come from kiln or 
from grate cooler. Preheater fan draws products of 
combustion and CO2 dissociated through calciner and 
through cyclones of preheater. Raw meal is separated 
from gases and is fed to kiln. Degree of calcination 
achieved is directly related to the amount of fuel fired 
in the calciner. As a thumb rule, when 60 % fuel is 
fired in calciner, degree of calcinations achieved is 
::::: 90 to 95 %. Temperature of raw mix begins to rise 
when calcination is complete changing its 

~ 
~ 

~ r--. 

raw material 
at kiln inlet 

y=0.7(x-40)+82 

raw material 
at inlet of calciner t 40 -.., 

~ r---30 

20 
30 40 50 60 70 
x % fuel in calciner 

Fig. 9.1 Relation between fuel in calciner and apparent degreed decarbonation. 
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characteristics of flow. Therefore calcination to be 
achieved is intentionally limited to 90 %. 
See Fig. 9.1 

9.2.1 Output of a Calciner Kiln 
As a direct result of carrying out process of calcination 
outside the kiln, capacity of the kiln increases in 
proportion. 

Ratio of output of a calciner kiln to a preheater 
kiln = 100/( 100-% fuel in calciner). 

Relations between fuel fired in calciner and kiln 
output are given in Table 9.1. 

Table 9.1 

%fuel in calciner, calcination and kiln output 
Sr.No. Fuel in Degree of Kiln output 

calciner Calcinations Preheater 
% 0/0 kiln = 1 

1 0 30 1 
2 10 40 1.11 
3 20 50 1.25 
4 30 60 1.43 
5 40 70 1.66 
6 50 80 2.0 
7 60 90 2.5 

These values are a little on the lower side compared 
to values derived from formula given in Fig. 9.1. 

Up to 20 % fuel can be fired in kiln riser duct itself 
with minor modifications. Air from combustion comes 
through kiln. 

For higher quantities a proper calciner needs to be 
installed. 

9.3 Types of Calciners 
Calciners are classified into : 

1. 'In line ' or 'off line ' calciners. 

'In line' calciners are installed between kiln and 
bottom cyclone. They can be in the form of 
large diameter ducts with constrictions or 
rectangular ducts bent to increase retention time. 

Air for combustion can come through kiln or 
through an external duct from grate cooler. 

'Off line' calciners are independent vessels 
installed within or outside preheater tower. Air 
for combustion comes from grate cooler. 

Calciners 87 

Plates 9.1 to 9.6 show arrangements of ' in line' 
and 'off line' calciners with preheater cyclones for 
one and two stream preheaters. It would be seen that 
there are a great many possibilities to choose from. 

Plate 9.1 In line calciner with air through kiln. 

Plate 9.2 In line calciner with air from cooler. 
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Plate 9.5 Two stream preheater with calciner in 
Plate 9.3 Off line down draft calciner. each stream. 

Plate 9.6 . In line bent duct calciner drawing air 
Plate 9.4 Off line calciner with its own preheater. from cooler. 



Plate 9.6 shows inline calciner in the form of a 
duct. 

2. Air through kiln or air from cooler. 

Air through kiln calciners are suitable for kilns 
with planetary coolers. Quantity of fuel that can 
be fired in calciner is however limited to about 
30 %. 

3. Short or long retention times. 

In most calciner designs retention time is 
between 4 to 6 seconds to complete burning of 
coal fired and to complete calcination. This 
requires that both coal and raw meal are ground 
fine - 10 to 12 % residue on 90 micron sieve. In 
fluidised bed calciners retention time is ~ 30 
seconds. Therefore coarsely ground / high ash 
coals can be burned completely and even raw 
mix can be ground to a fineness of 16-20 % 
residue on 90 micron commonly found in 
preheater kilns. 

In some designs of calciners even crushed coal 
and fuels like rice husk and shredded tyres can 
be burnt. 

9.4 Firing Fuel in Calciner 

All calciners need fuel firing arrangements and also 
for feeding raw meal. Hot air is brought in a duct from 
grate cooler. Air for combustion in calciner is known 
as 'tertiary air' and duct bringing it as tertiary air duct. 
A dust chamber is installed between t.a. duct and grate 
cooler to remove clinker dust. 

9.5 Designs of Calciners 
There are a great many designs of calciners. Prominent 
among them have been shown pictorially in 
Figs. 9.2 to 9.5. Relative positions of entry of tertiary 
air, raw meal, fuel and exit gases in each case have 
been shown in these sketches. 

In some designs the connecting duct between 
calciner and preheater also plays an important part in 
the process. Therefore in evaluation, often volumes of 
calciner and connecting duct are to be taken together. 
Fig. 9.6 shows for six designs relative volumes of 
calciner and duct together. 

Per se, a calciner does not improve specific fuel 
consumption of an installation as compared to operation 
as a preheater kiln. Calciner and T.A. duct which have 
large surfaces increase radiation losses considerably. 
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But radiation losses being a small % of total heat 
balance, increase thereof is not significant as they are 
now divided for output which is 2.5 times higher. 

Calciner, TA duct and dust chamber are refractory 
lined. Temperatures in t.a.duct and calciner and 
connecting duct range between 700°C to 1000 dc. 
Therefore 35-40 % alumina bricks with backing of 
insulating bricks are suitable. Castables are also used. 

9.6 Impact of Calciners 
Calciners have truly brought about a sea change in 
cement plants. Single kilns of 10000 tpd capacity have 
been possible. 

Originally calciners were developed to keep down 
kiln size as life of brick lining shortened considerably 
when diameters exceeded 5 metres. 

They have been a boon to small plants as well. 
They have been able to increase capacity of their kilns 
2.5 times. Many a small plant has installed 'calciners' 
in phases. First they introduced 'secondary firing' by 
firing 10 to 15 % fuel in the riser duct. Later riser duct 
was replaced by an 'in line' calciner. 

Increase in kiln and plant capacities triggered 
growth of capacities and developments of grate coolers 
and grinding mills as well. 

Various designs have been operating in India 
successfully using high ash low calorific value coals. 
Most designs do not pose any operational problems. 

In some designs of off line calciners there is 
occasionally a small amount of spillage. This being very 
hot dust needs careful handling. In line and down draft 
calciners are free of this problem. 

9.7 Two Stage Calcining 
Recently two stage calcining has been introduced 
consisting of a primary and a secondary calciner. See 
Fig. 9.7. Operational profiles of conventional calciner 
and two stage calciner have been shown in Fig. 9.S. 

In another design of two stage calcining, a small 
fluid bed caciner is installed just before the inlet of the 
bottom cyclone of the preheater. 
See Fig. 9.9. 

9.8 Control of NOx 

To reduce NOx fuel is introduced at more than one 
level in a calciner. 
See Fig. 9.10. 
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Fig. 9.8 

Water spray 

Raw material 

Primary calciner 

I.D. Fan 

Secondary calciner 

Teritary Air 3 

2 

Rotary Kiln 

Two stage calcining system. 

Fuel ratio 

Primary 
calciner 

Two stage Single stage 
calcining calcining 

50% 60% 

Secondary 
calciner 

20% 

30% 40% 

C02 Concentration 

Primary 
calciner 

Secondary 
calciner 
calcination% 

33% 

16% 

Kiln Feed Material 98% 
3 

Rotary Kiln 

Cooler 
2 stage calciner 

33% 

86% 

1 Grate cooler 
2 Kiln 
3 TAduct 

Calciners 93 
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6 Fuel 
7 -4 4 stage preheater 
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Single stage calciner 

Operational parameters of one and two stage calciners. 
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Fig. 9.9 
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9.9 Alkalies and Chlorides 
It has been mentioned earlier that if alkalies 
and chlorides in raw materials are high and are not 
absorbed chemically by sulphur in fuel, alkali cycles 
are set up which lead to eventual clogging of riser duct 
and bottom cyclones. In calciner kilns only about 40 % 
fuel is fired in the kiln The problem is therefore less 
acute. Much smaller quantities of gases need to be 
bypassed. 

9.10 
Calciners have thus been a great boon in more than 
one way to Cement Industry. 

Burning is more uniform and hence clinker produced 
is also uniform in quality. 

Raw meal need not be ground as fine. 

Fuels poorer in quality can be burnt. 

Raw materials high in alkalies and chlorides could 
also be used. 

Capacity of kiln increases 2.5 times. 

9.11 

Annexure 1, Table 9.1 shows data on various FLS 
calciners and preheaters. 



Annexure 1 

Table 9.1 FLS kiln, preheater afld caciner systems. 

Sr. No. Pyroprocesing SP ILC- ILC 
system E 

Air thru kiln 

Max. for 
1 Normal preheater 3000 
2 Preheater & 3700 

Sec. firing 
3 Pre heater & calciner 4500 

4 Normal layout 
Preheater streams 1 1 1 

calciner 18 1 
Special layouts 

Preheater streams (if (2) 2 2 
calciner - - 1 2 

5 Total cap. Normal 3000 3700 4500 
layout tpd 

6 Specific output 1.8 2.5 4.8 
tpd/m3 of kiln 

7 Coal fired calciner - - ves 
8 Low Nox calciner - - yes 
9 Max. firing in sec. 15 25 

firing % 
In calciner % 55-65 

10 Cooler grate Yes Yes Yes 
planetary yes yes no 

11 Max. bypass for 30 25 100 
Alkali chlorides % 

Notes: Special layouts 0 used for expansion of existing plants 

a riser duct modified for sec. Firing 

SP (preheater kiln) 

ILC (in line calciner) 

SLC (separate line calciner) 

Source: FLS Catalogues and literature 
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SLC 

3000 

4500 

2 
1 

3 
2 

12000 

4.8 

ves 
ves 

55-65 
ves 
no 
100 



CHAPTER 10 

10.1 Shaft Kilns 
Historically 'shaft kilns' preceded 'rotary kilns' in 
making cement. Initially broken lumps or crushed stone 
was fed into a shaft kiln and sintered to make clinker. 
First shaft kilns were 'batch' kilns. 

They were developed into continuously operating 
kilns. Raw meal feed was prepared by grinding dry 
and granulating it by adding about 8 to 10 % water in a 
noduliser. It was fed at the top. Raw materials -
limestone and additives and also estimated quantity of 
non volatile fuel like coke breeze were ground together 
in a dry closed circuit mill. 

Air for combustion was admitted from the bottom. 
Clinker was discharged from the bottom from a 
revolving grate. Air was preheated and cooled clinker. 
Air could also be admitted at intermediate points. 

Thus a shaft kiln carried out within it processes 
beginning with drying and ending with sintering and 
cooling. 
See Fig. 10.1. 

Shaft kilns did not get developed beyond::::: 300 tpd 
capacity even in developed countries like Germany. 

10.2 Shaft Kilns in Mini Cement Plants 
In India ironically shaft kilns were developed when 
rotary preheater kilns were well established for 
altogether different reasons. 

In mid seventies cement was scarce. China was 
then a shining example of making bulk of its cement in 
small vertical shaft kilns. 

It was made out that shaft kilns did not require much 
capital and capacity could be generated fast with the 
help of small entrepreneurs. Therefore mini cement 
plants based on shaft kilns with capacities as small as 
20 to 30 tpd were developed with the assistance of 
Cement Research Institute of India. 

Raw mix Water 

~ 
4>0 

Fig. 10.1 Shaft kiln. 
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Over the years more than 300 V. S. Kilns came 
into operation. The most common size being a 50 tpd 
shaft kiln. Kilns of 100 tpd were also developed. 
Capacity of clinker production seldom exceeded 
200 tpd even with multiple kilns. 

A great majority of shaft kilns are now idle. 

Bulk of the capacity of mini plants was from rotary 
kilns of 200 to 300 tpd capacities. These mini cement 
plants with rotary kilns have survived as they could 
increase the capacity of the kiln by installing a calciner 
on it as explained in the previous Chapter. 

Operations wise, shaft kilns required about 1000 to 
1100 kcal/kg for producing clinker that is comparable 
with Lepol grate kilns. They also did not need dust 
collectors to clean vent gases from the kiln. 

10.3 Rotary Kilns 
Rotary kilns carry out a number of operations within 
them. They are suitable for all processes of 
manufacture of cement viz. wet, semi wet, semi dry 
and dry. 

Length of the kiln or more precisely, ratio of length 
to diameter depends on the number of operations 
carried out in the kiln. 
See Fig. 10.2. 

Naturally wet process kilns were the longest 
because they carried out maximum number of 
operations starting from drying to sintering. 

Dry process kilns with precalciners would be the 
shortest because in it are carried out only about ten 
percent calcining and the sintering processes. 

All kilns have a short cooling zone at the discharge 
end. In kilns with planetary coolers, clinker enters 
the cooler tubes attached to the kiln shell. 
See Plate 10.1. 

Length of the kiln decides the number of supporting 
stations required. Wet and long dry kilns had maximum 
number of supports 5 or more. Dry precalciner kilns 
can have only two which of course is the minimum 
number; however commonly these kilns have three 
supports. 
See Plate 10.2. 

Rotary kiln is a rotating cylinder, installed at a slope 
of 2 to 4 degrees. Each supporting station has 2 rollers 
and 4 bearings. 
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All are mounted on one fabricated bedplate. On 
the kiln are mounted tyres which are usually floating. 
Tyre rests on rollers which have an angle of about 
30 degrees at the center of the kiln. 

Kiln is lined with refractories 150-250 mm thick. 
In burning Zone they are 70 % alumina or magnesite 
bricks. Rest of the kiln is lined with ~ 35 % alumina 
bricks. 
See Plate 10.3. 

Wet and long dry kilns had chains for about one 
third of the length from inlet end to improve heat 
transfer between kiln gases and kiln feed-(slurry in 
case of wet kilns and raw meal. In case of dry kilns). 
Chains in dry kilns had to be of heat resisting steels. 

Though such kilns are now history, chain systems 
in their days needed and received considerable attention 
to improve speed of transfer of heat. Chains were 
curtain and garland chains and their 'density' was a 
parameter of the efficacy of heat transfer. 

10.4 Sizing of Kilns 

Sizing of kilns has been largely empirical. Factors 
influencing sizing are: 

1. Retention time of material inside kiln from inlet 
end till it comes out at discharge end as clinker. 
It is a function of completion of the various 
operations mentioned above that take place 
inside the kiln. 

It is shortest for dry preheater- preclaciner 
kilns where a retention time of 27 -30 minutes is 
adequate. 

2. Degree of filling of charge in the kiln. This is 
important from point of heat transfer to the 
charge. Usually degree of filling is 5-8 %. 

3. Thermal loading in the burning zone. It is 
measured as heat released in kilocalories per 
m2 of clear cross section of kiln per hour. 
Thermal loading affects the life of refractory in 
the burning zone. Quality of bricks also 
influences the permissible thermal load. With 
basic or magnesite bricks, thermal loads of 
4.5 million kcals/m2lhr are permissible. 

Thermal load has become less relevant in 
case of calciner kilns where only 40 % of total 
heat is released in the kiln. 
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Plate 10.1 Rotary cement kiln with planetary coolers. 

Plate 10.2 Dry process roatry kiln with preheater and grate cooler. 
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10.4.1 Sp. Outputs and lid Ratios 
Empirically kilns were sized volumetrically on the basis 

of output in tpd /m3 of clear volume of the kiln (inside 

brick lining). Typical values for various types of kiln 

are : 

Type of kiln 

Wet 

Dry long 

Dry preheater 

Dry calciner 

Sp. output in tpd 1m3 

1.5 - 2 

2 - 2.5 

3-4 

5-6 

Degree of filling is about the same for all processes. 

Earlier kilns were run at linear speeds of 25-35 cms/sec. 

Now they run at almost double the speeds. 

Once the volume required for a given capacity is 

known, its Diameter and length can be worked out 

using length to dia.ratio appropriate to the process . . 

Typicall/d ratios are: 

Type of kiln 

Wet 

Long dry 

Preheater 

Calciner 

lid ratio 

35-40 

30-35 

14-16 

10-12 

LID ratio is also dependent on the fuel used. In 

case of coals where calorific values fluctuate and also 

in case of high ash coals it is prudent to opt"for longer 

kilns to ensure complete combustion of-fuel. 
,..., 

One of the commonly used formulae for sizing rotary 

preheater dry process kilns is C ::::' 3 x d3.283 x 1°·337. 

Here 'd' is diameter of kiln ins'ide shell. 

'1' is length of the kiln. And 'C' is capacity in tpd. 

Specific fuel consumption and altitude at site also 

affect sizing. With 6 stage preheaters and bett-er 

coolers, fuel consumption of < 700 kcal/kg is possible. 

Kilns have therefore shrunk in size. This is,particularly 
'" .. 

so for calciner kilns whose output increase 2.5 times 

as compared to preheater kilns. 

10.5 3 m dia x 40 m Long Small Kiln 
An interesting example is that of a 3 m dia x 40 m 

long kiln which was once considered as standard for a 

300 tpd preheater kiln. 

Kiln 3 x40m 

Clear dia 2.6 m 

Clear volume 212 m3 

Capacity as preheater kiln 300 tpd 

Sp. fuel consumption 900 kcal /kg clinker. 

Sp. output = 300/212 = 1.42 tpd/m3 

Thermal load 2.12 million kcallhr /m2 

This kiln is today operating at many places at 

capacities of 1500 tpd as calciner kiln with 6 stage 

preheater. About 45 % fuel was fired in the kiln. 

Thus 6 stage prehea,ters and ca1ciners have 

reduced the. sizes of kilns dramatically. Small diameters 

are good for life of refractory also. 

10.6 Kiln Components 
Kiln design has seen many changes particularly as 

regards seals at inlet and outlet. Shell is cooled 

at discharge end to prolong life of refractory. 

See Plate 10.4. 

Hydraulic thrusters are used to prevent slipping of 

kiln down hill. 

Various Designers and Manufacturers have their 

own designs of the components of the kiln like riding 

rings, rollers, roller bearings, girth gear and its mounting 

on shell etc. 

10.7 Kiln Drive 
Kilns generally have variable speed DC Motors to 

drive them. 

Because of higher rU,nning speeds gear box 

requires is much smaller. . 

Increase in drive rating could be coped by installing 

a dual drive thereby retaining the same gear. 
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Plate 10.3 Refractory lining of a cement kiln. 
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Cooling of nose rings at outlet end . 

. " 
Sectional view Of seal 

Plate 10.4 Cooling of nose rings and seal at outlet end. 

10.8 Mechanical Design 
Mechanical design even for the largest ca1ciner kiln of 
10000 tpd was not a problem because increase in 
capacity was obtained by increasing speed. While 
power increased, torque remained the same. Hence 
cross sections corresponding to a 1200 tpd kiln were 
adequate for a 3000 tpd kiln. However as mentioned 
above linear speeds increased. Hence rate of wear 
increasd. Materials of construction for tyres and rollers 
and gear and pinion of ca1ciner kilns should have better 
wear resistant properties 

10.9 Burners 

Pulverised coal or oil is fired into the kiln through a 
burner inserted into it from the kiln hood. 

Coal burners 

Earlier coal burner consisted of a refractory lined pipe 
with a tapered cone at the end to obtain desired velocity 

at the tip. Pulverised coal was carried into kiln by a 
primary air fan. 

Multi channel burners 

To ensure complete combustion of coal with minimum 
primary air, multi channel burners were developed. 
Total air is about 12.5 to 15 % out of which about 2.5 % 
is used to convey coal. 

Burners are thus very much a part of the kiln. 

A typical multi channel burner for coal has been 
shown in plate 10.5. There are designs in which oil 
can also be fired for preheating of refractory when 
starting from cold. 

Oil Burners 

Oil burners fire oil which is atomized either by 
-compressed air or by mechanical pressure. To do 
proper atomization, oil is required to be preheated. 
Oil burners come with heating and pumping units. 



Plate 10.5 Multi Channel Burner for Kiln. 

10.10 

In Annexure 1 typical data on radiation losses in kiln 
cooler calciner system is furnished. 
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In Annexure 2 typical performance data on dry 
processes kilns with 5 and 6 stage preheaters, 
planetary and grate cooler is furnished. 
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Annexure 1 

Typical Radiation Losses in kiln systems 
Radiation losses in kcal/kg clinker 

Sr.No. Kiln and Kiln with 5 
4 stage preheater stage pre heater 

Radiation loss Grate cooler Planetary Calciner with Grate cooler and 
in cooler t.a.duct Calciner and 

t.a.duct 

preheater 14 14 18 17.5 
kiln 55 49.5 35 31 

cooler 1.8 63 1.4 2 
Calciner - - * * 
t.a. duct - - 6.5 7 

total ~ 71 126.5 ~ 61 ~ 58 

* included in TA duct 

Annexure 2 

Typical performance data on dry process kilns 
with preheaters, calciners, grate and planetary coolers 

Sr.No. Item Preheater kiln Calciner kiln 
Planetary cooler Grate cooler 

Preheater 5 stage 6 stage 5 stage 6 stage 
1 Heat balance 

Kcal/kg clinker 
Heat in exhaust gas 157 144 160 145 
Radiation loss from 65 67 54 56 
Kiln and preheater 

Heat of reaction 385 385 385 385 
Cooler loss 141 143 116 116 

Heat in cl inker at 3 3 3 3 
ambient temp. 

Heat in raw meal, fuel , air 34 34 33 33 
Nett sp. heat consumption 717 708 685 672 

2 Exhaust gas temp. °c 295 272 31 1 283 
3 Pr. loss in preheater 280 328 279 325 

mmwg 
Pro loss in rest of system 71 71 140 140 

mmwg 
Total pro Loss 351 399 419 465 

4 Power consumption 
kwh/ton cl inker 
Preheater fan 4.6 4.9 5.6 5.9 

Cooler drive and fans - - 5.1 5.1 
Kiln 3.1 3.1 1.7 1.7 

p.a.fan 1.5 1.5 1 1 
Dust transport 1 1 1 1 

Total sp. power consumption 10.2 10.5 14.4 14.7 

Power consumption for different kiln feed systems 



CHAPTER 11 

11.1 Cooling Clinker 
Clinker comes out of the kiln at around 1350 DC. It 

needs to be cooled down to temperatures where it can 

be handled by conveyors available like belt, chain, 

elevators that is below 100-200 DC. 

As mentioned earlier, cooler is a part of the shaft 

kiln. Clinker leaves shaft kiln at - 150°C. 

11.2 Coolers External to the Kiln are of 5 Types 

1. Shaft. 

2. Rotary. 

3. Planetary. 

4. Traveling grate. 

5. Reciprocating grate. 

11.3 Shaft, Rotary and Planetary Coolers 
In shaft, rotary and planetary coolers all of cooling air 

is drawn into the kiln for combustion as secondary air. 

In passing over clinker and cooling it, air itself gets 

preheated and thereby assists combustion of fuel greatly 

and hence improves fuel efficiency 

However, much larger quantum of cooling air is 

required to bring down temperatures below - 200°C. 

Therefore there is a limit to cooling in these three types 

of cooler. 

11.3.1 Shaft Cooler 
Shaft cooler did not catch on. It required lot of head 

room under the kiln. 

See Fig. 11.1. 
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Fig. 11.1 Direct shaft cooler - under kiln. 

11.3.2 Rotary cooler 
A rotary cooler is like a rotary dryer or a small kiln 
with internal fittings to promote heat transfer between 
air and clinker. It needs a separate drive. Rotary cooler 
does not pose any problems in construction. 
See Fig. 11.2. 

Rotary coolers were replaced by planetary coolers. 

11.3.3 Planetary coolers 
In case of planetary coolers, instead of one cooling 
tube, 8 to 10 small diameter tubes are mounted on the 
kiln itself and rotate with kiln. 
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5 

Fig. 11.2 Rotary cooler. 

1 Kiln 
2 Last supporting station 
3 Kiln hood 
4 Chute 
5 Rotary cooler 

6-7 Supporting stations 
8 Hood 
9 Clinker conveyor 

1 Kiln 
2 Last pier of kiln 

t----I=:L-....Ju."F=~AHr__~__, 8 3 Planetary coolers 

4 Hood 
9 5 Clinker crusher for over size 

6 Chute 
7 Dragl panl chai'n conveyor 
8 Tunnel 
9 Coal firing pipe 

1 o Support for coal firing pipe 
lId - 5-6 : 1 

Fig., 11.3 . Kiln with planetary coolers - cooler tubes 10 to 12 nos. lid = > 5-6 : 1. 

See Plate 10.1 in Chapter 10. . 
Clinker enters tubes through ports and travels in them. 
Tubes are fitted with refractory and with liners and 
lifters made of heat resisting materials. Clinker comes 
out at around 150°C. Sometimes tubes are cooled 
externally with water or air to achieve better cooling. 

But planetary coolers which form an overhanging 
weight on the end section of the kiln requires that 

section of shell, tyre and last supporting station is made 
of heavier construction. 

In older designs, lid ratio of cooler tubes was about 
5-611. In new designs it is around 1011. Thus coolers 
are much heavier and overhang is longer. In large kilns 
it requires an additional supporting station at discharge 
end to take weight of cooler. 
See Figs. 11.3 and 11.4. 
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When cooler tubes are too long -
a small roller station is added to 
take weight of cooler tubes & shell 
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1 Kiln 
2 Last pier of kiln 
3 Planetary coolers 
4 Hood 
5 Clinker discharge 
6 Additional small 

supporting station 
7 Roller bearings bed plate 
8 Pier 
9 Tunnel 

10 Coal firing pipe 
11 Seal 
12 Support for firing pipe 

Fig. 11.4 Kiln with planetary coolers - long cooler tubes lid = > 10 : 1. 

Lepol grate preheater 

1 Granulator 
2 Lepol grate 
3 Cyclones 
4 ID Fan 1 
5 ID Fan 2 
6 Spillage conveyor 
7 EI.evator to feed dust in to kiln 
8 Water spray 
9 Recupol cooler 

10 Clinker conveyor 

Recupol cooler 
10 

Fig. 11.5 Double pass lepol grate and recupol clinker cooler. 

Major disadvantage of the planetary coolers was 
that air could not be drawn from it for precalciner 
except in small amounts. 

An advantage though in their case is that venting is 
not required because there is no excess air. 

11.4 Traveling Grate Cooler 
Traveling grate coolers were 'Lepol grates' used to 
cool clinker. In construction and in operation they were 
similar to Lepol preheaters. They did not become 
popular for similar reasons viz a great many moving 

parts of special heat resistant materials and high 
maintenance requirements. 
See Fig. 11.5. 

11.5 Reciprocating Grate Coolers 
Reciprocating grate cooler has become the dominant 
clinker cooler and has seen many developments. 

Construction wise two sets of grate plates with 
small holes to pass cooling air are mounted on two 
frames- one frame is stationary and the other is 
reciprocating. Reciprocating action of one frame over 
the other, moves clinker slowly along the length of the 
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Fig. 11.6 

Plate 11.1 

1 Fixed frame 
2 Moving frame 
3 Fixed grate support 
4 Moving grate support 
5 Grate plates 

Reciprocating grate cooler basic 
features. 

Conventional reciprocating grate cooler. 

cooler from feed end to the discharge end. A set of 
connecting rods and eccentrics convert rotating motion 
of motor into reciprocating motion of the grate plates. 
Frames are within a casing. Bottom part of the casing 
receives and distributes cooling air. It penetrates 
through clinker bed and cools it and gets heated in 
tum. The top part of cooler above the plates is therefore 
lined with refractory. 
See Figs. 11.6 and 11.7 and Plate 11.1. 

Cooling air to be admitted depends on the 
temperature to which it is intended to cool clinker. 

S = stroke 125mm 
d 1, d2, d3 - depths of clinker bed 
along length of cooler 

Fig. 11.7 

1 Kiln 
2 Grate cooler 
3 Reciprocating frame 
4 Fixed frame 
5 Grate plates 

a to e-compartments of cooler 
d1 ::: 600 mm 
d2 == 400 mm 
d3 == 250 - 300 mm 

Bed thickness of clinker in various 
sections of cooler. 

Excess of cooling air over the air for combustion is 
drawn off by an induced draught or vent fan and vented 
through a dust collector. 

To make best use of cooling air, bottom half of 
cooler is divided into a number of compartments - each 
compartment gets cooling air from its own fan. 

Thus a reciprocating cooler has a number of drives 
for fans for cooling and vent air and for clinker breaker 
and for spillage drag chain under the air compartments. 
See Plate 11.1. 
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Fig. 11.8 

1 1 st Grate 

2 2nd Grate 

2 Drives of two grates 

Two width cooler. 

Power consumption is high~ but cooling efficiency 
is also very high around 70 % and radiation losses are 
negligible. 

Cooler has a hot zone and a cold zone. Heat 
resisting materials are used for grate plates and side 

castings only in hot zone. Because of temperature 
profile of clinker inside the cooler, drop · in pressure 
across a clinker bed of same thickness reduces 
progressively from hot end to cold end. Fans of 
appropriate static pressures can be selected for various 
compartments to reduce sp. power consumption. 

Capacity of a given cooler can be increased by 
merely extending it. Thus large kilns have three 

travelling grates each with its own drive 

11.5.1 Various Arrangements of Grate Coolers 
Coolers are inclined that is grates are at a slope or 
horizontal or combi i.e., first grate is inclined and 
subsequent is horizontal. Now mostly horizontal coolers 
are used. Grates can be of different widths to reduce 

over all length. 
See Fig. 11.8 and 11.9. 
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Part of 1 st grate is converted into static grate as shown 
static grate is normally 6-8 rows in length 

1 Kiln 
2 Hood 
3 Cooler 
4 Static gate 

5,6 Reciprocating grates 
7 Compartment under 

Static grate 
8 Compartments under reciprocati~g grates 

Fig. 11.9 Cooler with static grate. 

11.5.2 Controlled Flow of Cooling Air through 
Grate Plates 

New developments in coolers, and there are a great 
many of them, aim at making better use of cooling air. 
Air flow through individual or group of grate plates is 
controlled by using grate plates that have their own air 
compartments. Air flow in right and left half of cooler 
can also be adjusted as required. 

11.5.3 Static Grate 
First 7 to 8 rows are 'static'. They are installed at a 

greater degree of inclination to promote flow of clinker 
over them. Pressure of fan in compartment with static 
grate is much higher at about 1000 mmwg. 
See Fig. 11.9 and Plate 11.2. 

Spillage in coolers with static grates or with 
controlled flow grates is much less than in case of 
conventional designs. 

Quantity of cooling air has come down from 
2.5-2.7 nrn3/kg to 2 -2.2 nm3/kg. Consequently quantity 
of air to be vented has also reduced from 1.8 nm3 to 
1.3-1.4 nm3/kg. 
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Plate 11.2 KIDS reciprocating grate cooler with static grate at inlet. 

11.6 Developments in Cooler Design 
Other developments are as regards suspension and 
imparting reciprocating motion to grates . In 
conventional designs each grate had its own drive 
located at the center of the grate. Though motor was 
on one side, an even motion to the whole width of the 
grate was given by having two sets of connecting rods 
and eccentrics one on each side of the cooler. Even 
then it was possible that some kind of 'skewing' of 
moving grate could take, ,place of grate if it was too 
wide or too long. Suspension or pendulum coolers have 
been developed to overcome this difficulty. Grate is 
suspended from axles. 
See Plate 11.3. 

11.7 Cross Bar Cooler 
In this reciprocating grates are replaced by a series of 
cross bars moving in a casing over stationary grate 
plates with their own air compartments. Flow to each 
grate can be controlled according resistance of clinker 
flowing over it. 
See plate 11.4. 

11.8 Coolax Cooler 
Yet another variation is the Coolax Cooler. 
See Plate 11.5. 

11.9 Impact on Layouts 
These developments have resulted in changes in layouts 
of cooler itself as also with respect to kiln. 

11.10 Operational Parameters of Coolers 
Parameters for sizing coolers have been empirical. 
Most commonly used parameter is capacity expressed 
as tpd of clinker cooled/m2 of Grate area. Its value 
has progressively increased from 25 when bed 
thickness of clinker used to be :: 200 mm to 40-45 
when bed thickness is :: 600-800 mm. It has further 
increased to 50-55 with static grates and controlled 
flow grate coolers. . 

Cooling air has come down from 2.7 to 2-2.2 nm3 I 
kg clinker. 

Different manufacturers have their own practices 
of compartment lengths and air loading. Commonly 
used air loadings are :: 120 m3 Iminl m2 for first 
compartment to :: 50 m 3 Imin I m 2 for the last 
compartment. 

As mentioned, static pressures of fans reduce 
progressively from hot end to cold end but at same 
location they are directly proportional to bed thickness. 

Cooler efficiency is measured as heat recovered 
from heat in clinker at inlet in preheating secondary 
and tertiary airs going to kiln and calciner respectively. 
See Figs 11.10 and 11.11. 

As fuel consumption has progressively come down 
from 900 kcallkg to < 700 ~cal~g, quantity of air for 
co~~ustion has come down: Therefore r~cuperation 
effIcIency ~ep~s ~o d~cr~ase : ~rpp in quantity is 
compensated by incfeas~ in temperatures to which air 
for combustion is preheated. Secondary air 
temperatures as high as 1000 °C are common. 

Recuperation efficiency is about 70 %. 
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Plate 11.3 Pendulum cooler under installation. 

Plate 11.4 Cross bar cooler. 

Plate 11.5 Coolax grate cooler. 
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Fig. 11.11 Heat recovered by extracted air. 



11.11 G Cooler 
G Cooler also needs to be mentioned though it has not 
caught on. It has considerable potential of providing a 
solution for increasing capacity of an existing kiln. 
Cooler can be installed in line or at right angles and 
even at some distance from the existing cooler. 
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Addition does not require any dust collecting 
equipment as cooling air does not come in contact with 
clinker. 
See Plate 11.6 and 11.7. 

Plate 11.6 G cooler installed as extension of conventional grate cooler to increase its capacity. 

Heat exchanger 

1 st stage reciprocating 
grate cooler 

Plate 11.7 I ndi rect or G-Cooler. 

Bag filter 

G cooler 

Cooling air fans 
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11.12 Conveying Spillage 
Spillage is now conveyed pneumatically from collecting 
hoppers on continuous basis doing away with a number 
of pairs of pendulum flap valves. 
See Fig. 11.12. 

11.13 Hydraulic Drive 
Conventional drive consisting of motor-gear box-chain 
and a pair of connecting rods to give reciprocating 

Hopper for clinker dust 

All Under Pressure 

Fig. 11.12 Continuous pneumatic conveying of 
clinker dust to main clinker conveyor. 

motion are all replaced by hydraulic drives which impart 
reciprocating movement directly. 

11.14 Clinker breaker 

Hammer type clinker breaker in conventional designs 
is now replac~d by one or more pairs of full width roll 
crushers. These may be installed at the end of the last 
grate or in between two grates. 
See Plate 11.8. 

Plate 11.8 Full width Roll Crusher replaces 
conventional clinker breaker. 



CHAPTER 12 

12.1 Pollution Control in Cement Plants 
One of the most important aspects of designing a 
cement plant is to ensure Pollution Control and to 
provide clean ambient air around the plant for the plant 
itself and for the community. 

Cement Plants cause air and noise pollution. 

12.2 Noise Pollution 
Most cement plants are in isolated areas remote from 
towns and hence noise pollution has not yet merited 
the attention of the public. Further, with the use of 
vertical mills for grinding coal and raw mill where noise 
level is much less than that of ball mills, the problem 
has resolved by itself to a great extent. Now only the 
cement mills and to some extent crushers are the major 
sources of noise pollution. 

That day would not be too far when cement mills 
would also be vertical mills. 

Even if Industry continued with ball mills, it would 
take care as is taken in developed countries to enclose 
the mill and to install soundproof doors and walls to 
bring down noise pollution. 

12.3 Air Pollution 
Major cause of worry is the air pollution. In a dry 
process plant the major sources of air pollution are: 

12.3.1 Process Gases 

1. Kiln & Cooler 
Total volume of gases emitted = 1.7 + 1.7 
= 3.4 nm3/kg clinker or ~ 3.25 nm3kg cement 

2. Grinding Mills 
1. Raw Mill = 1.6 nm3/kg raw meal drawn from 

kiln 
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2. Coal Mill = 1.6 nm3/kg coal drawn from kiln 
3. Cement Mill = 0.5 nm3/kg cement 

Hence Total volume to be vented from mills would 
be about 3-3.2 nm3/kg cement. 

12.3.2 Venting in departments like 
1. Crushing 
2. Blending - Continuous blending 
3. Kiln Feed. 
4. Cement Packing. 
5. Pneumatic conveying and other material handling 

Systems 

All above add up to ~ 1 nm3/kg cement 

Total volume of gases to be vented, could be taken 
as ~ 7-7.5 nm3/kg of Cement. 

There are intermittent polluting factors like fugitive 
dusts - crusher hoppers when dumpers are unloaded 
and building up of stockpiles. 

12.4 Permissible Dust Burdens in Exhaust 
Gases 

Pollution Control Boards- State and Central-lay down 
norms for permissible dust burdens in exhaust gases 
for various Industries from time to time. For Cement 
Industry present norm is 110 gm / nm3. It is applicable 
to all exhaust chimneys large and small individually. 

In designing dust collectors it is necessary to plan 
for expansion right from the beginning. 

This is because Pollution Control Authorities now 
insist that total dust emitted in 'tons per day' at the 
initial plant capacity should also remain the same after 
expansion. 
See Table 12.1. 
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Table 12.1 

unit 

Capacity Kg/hr clinker 

Gases cleaned nm3/hr 
Dust emitted at tPh 
110 mglnm3 

Tons per day 

Taking say 6 nm3/kg as normal volume of gases 
emitted in a cement plant: 

To maintain rate of emission at 0.0825 tph at 6000 
tpd capacity, would require that dust emission norms 
should be reduced to 55 mg/nm3 for the first plant itself. 

This can be very expensive, as the efficiency would 
have to be increased from 99.89 % to 99.95 %. 
Though the increment looks small - only 0.06 %, 
repercussions on size and hence cost of dust collector 
are very high, more than 10 %. Further this increase 
in cost is to be incurred in the first phase itself. 

Wherever possible, cement plant should be located 
at least 5 Kms from population centres, preferably 
outside the 'wind rose' and main chimneys should be 
tall so that they can spread dust over a wide area and 
dust concentration can come down. 
See Annexure 1. 

Because of stringent norms laid down by Pollution 
Control Authorities, only bag filters and esps can be 
used as final dust collectors. 

12.5 Cyclones for Collecting Dust 
Cyclones are still used in grinding circuits but as 
'intermediate collectors' , which clean mill gases to the 
extent of 90 -92% of its dust content before they enter 
esp I bag filters. 

The use of cyclones strictly speaking is not 
warranted as pre collectors before esps I bag filters 
because both of them are capable of handling full load 
of dust content, which may be as much 500-600 gmlnm3 in 
mill systems. 

In kiln system, gases in direct operation, would have 
dust burden onO-lOO gmlnm3. This could be reduced 
by cyclone to 5-7 gms or less (assuming 93 % efficiency 
of cyclones). 

3000 tpd 6000 tpd 

125000 250000 
750000 1500000 
0.0825 0.165 

~2 ~4 

Cyclones however, add pressure drop of the order 
of 100-l50mm and hence require more power. 

Let us say gas flow is 100 nm3/min 

Pressure drop in system without cyclone - 150 mm. 

Pressure drop in system with cyclone would 
be-250 mm. 

Power in 1st case = K x 100 x 150 kw 

Power in 2nd case = K x 100 x 250 kw 

By themselves cyclones would hardly be used now. 
This is because efficiency of a cyclone drops sharply 
as particle size reduces as would be seen from the graph. 
See Fig. 12.1. 

To be able to predict the efficiency ot a cyclune, it 
would be dl'sirable to carry out a sieve analysis of a 
sample of dust in microns fractions as shown in 
Table 12.2. 

/" 
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/ 
/ 
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10 20 30 40 50 60 70 80 
-Particle size in microns 

example: for particle size distribution as follows 
% 

10 microns 
20 microns 
30 microns 
40 microns 
50 microns 

10 
20 
30 
20 
20 

over all efficiency = 83.9% But cyclones help in emergencies to bypass the 
dust collector. By using gas tight dampers, it would be 
possible to attend to the maintenance and repairs of 
the dust collector without requiring to stop the plant. 

Fig. 12.1 Efficiency of cyclone dust collector 
depends on size of dust particles. 
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Table 12.2 

Particle size Quantity Efficiency 
Calculation of overall 

efficiency 
microns % % 

100 5% 99 5 x 99 495 
50 15% 99 25 x 99 1485 
40 -:::. 30% 98 30 x 98 2940 
30 20% 60 20 x 60 1200 
20 f5% 50 15 x 50 750 
10 10% 30 10 x 30 300 
5 5% 20 5 x 20 100 
0 

7270 

Overall efficiency would be 72.7 %. 

But such low efficiencies are not tolerated at all 
these days. 

Typical contents of fines in vent gases from various 
sources have been shown in Annexure 2. 

12.5.2 Design of Cyclones 
Design of cyclone, its sizing and pressure drop across 
it are still governed by empirical rules. 

Each manufacturer' has its own geometrical 

configuration of a cyclone. They establish the 
efficien~y achieved or that can be achieved and the 
pressure drop across it for a given gas volume 
(at given temperature and density). 

The entrance velocity to a cyclone ranges between 
14-16 mfsec (lower end) to 22-24 mfsec (upper end). 

The geometry of cyclone is also fixed in relation to 

its diameter. 
See Fig. 8.1 in Chapter 8. 

Knowing the gas volume and velocity at inlet, 

diameter of cyclone can be calculated and also its other 
dimensions. 

Pressure drop across a cyclone is proportional to 
V2/2g x'd' 

V = Velocity of gas at entrance, 'd' is its density. 

Pressure drop can also be expressed as 

= K x (V / T) 

where V is volume handled, T temperature in 
Kelvin and K is a constant for the geometry of the 
cyclone. 

Thus these are empirical norms for selecting 
cyclones. They are applicable even to preheater 
cyclones. To be able to pass pollution norms which 
lay down 55-110 mg/nm3 as dust content of clean air, 
efficiencies required are of the order of + 99.5 %. 
These can be achieved only by using bag filters or 
esps. 

12.6 Polyclones and Multiclones 
Reference has already been made to use of cyclones 
or banks of cyclones called Poly clones to collect 
material from streams of gases , in Chapter 5. 
Multiclones were a further development of this concept. 
Though efficiency improved and pressure drops were 
maintained between 100 to 200 mmwg levels, they 
were still not adequate to serve as final dust collectors. 
See Fig. 5.16 to 5.18 in Chapter 5. 

The pressure drop across the bank in multiclones 
is proportional to velocity pressure. In multiclones tubes 
are of small diameter ranging between 150-200 mm. 
They have vanes at entrance for better distribution of 

gases. ' . 

The incoming manifold is tapered so that velocity 
at entrance is maintained. Tubes can be arranged in 
different permutations and combinations. 
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Dust precipitated is collected into a hopper / hoppers 
and conveyed. 

Multi clones were extensively used till 90s for 
collecting dust in clinker cooler vent gases. 

As this dust is abrasive, material used for vanes 
and tubes used to be ni-hard. 

Even if multi clones have an efficiency of 95 %, it 
would still not achieve 110 mg / nm3, clean gas dust 
burden. Let inlet dust burden be 10-15 gmlnm3. At 
95% efficiency, outlet dust burden would be 500 mg-
750 mg / nm3. PCBs now insist clean gas burden of 
55 mg/nm3 even for cooler vent gases. Therefore they 
cannot be used to collect dust in cooler vent gases. 

12.7 Bag Filter s 
Bag filters are commonly used for large and small 
volumes of gases, for indi vidual locations, for material 
handling equipment, for silos, hoppers and bins 
where temperatures of gases would generally be 
50-100 °C. 
See Plates 12.1 and 12.2. 

Plate 12.1 Bag filter. 

Plate 12.2 Bag filters to vent bins and silos. 

Bag filters, use different materials for bags for 
different temperatures of gases. 

See Annexures 4, 5 and 6 for properties of 
various materials used to make filter bags. 

From ordinary cloth bags to glass bags, 
temperatures of gases that could be handled would 
range between 80-90 °C to 240°C. 

In compound operation, temperature of gases to 
be handled would be between 100-120 °C. Thus 
polyester bags, which can withstand temperature of 
up to 140°C, could be used. 

But for design purposes it is to be assumed that for 
some part of the day (mill runs 20-22 hours), gases 
would go directly to the filter. 



Therefore, the bag filter system should be designed 
to cool gases to the temperature, bags can withstand 
viz., 240°C for glass bags and 120 °C for polyester 
bags, etc. 

12.7.1 Replacement Costs of Bags 
Costs of bags vary considerably according to material 
used. Further they are to be maintained in good 
condition. Development of holes in bags would 
adversely affect dust emission. They also have a life. 
Hence, a whole set of bags needs to be replaced at 
periodic intervals of say 2-4 years. 

12.7.2 Higher Power Consumption 
Pressure drop across bags is also high at 150 mm as 
against a combined pressure drop of 60 mm or so in 
GCT and ESP. 

Therefore, bag filter would consume more power 
as compared to ESP. . 

12.7.3 Diluting Air 
Cooling gases to 120°C from 350 °C or 280°C 
(depending on number of stages of preheater) requires 
large quantity of ambient air to be brought in. 

This results in requiring very large dust collectors, 
which for large plants can be as big as sizeable 
godowns. Layouts must be planned to accommodate 
them. 

There are many permutations and combinations 
between gases going direct to kiln and to mill according 
to the moisture to be dried, capacity of mill and water 
to be added in mill to avoid vibration in case of roller 
mills. 

12.7.4 Sizing of Bag Filters 
For good consistent performance, bag filters are sized 
on basis of a parameter known as m3/minlm2 or air to 
cloth ratio. It is actually velocity of gas through the 
filter cloth. 

Recommended air to cloth ratios for different 
applications have been furnished in. Annexure 7. 

When bag filters are large, they are divided into 
several small compartments or modules. 
See Plates 12.1 and 12.2. 

For example, a filter requiring 240 bags would be 
divided into 4 compartments of 60 bags each. 
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Compartments go through cleaning cycles to 
dislodge cake of material collected on surface of bags. 
Airflow is reversed in the compartments under going 
cleaning. Thus out of 'n' compartments, filter bags in 
(n-1) compartments would be actually effective for 
cleaning. 

In a 4 compartment dust collector, effective cloth 
area is 75 %. 

More the number of compartments (larger the filter) 
the effective area in proportion to total area increases. 

Sizing the dust collector would be done on effective 
cloth area. 

Air cloth ratios, depend upon material of cloth, dust 
concentration and characteristics of dust such as its 
abrasiveness. For abrasive dusts and for coal low air 
to cloth ratios would be selected. 

Designers of bag filters should be consulted for 
recommended air to cloth ratios. 

12.7.5 Example of Sizing a Bag Filter 

Kiln capacity 3000 tpd or 125000 kgs/hr Sp. gas volume 
1.6 nm3/kg 

At 300°C; ambient temperature 30°C. 

(i) Bag filter with glass bags 

Direct operation 

Gas volume from preheater = 200000 nm3/hr at 
300°C. 

Therefore diluting air to bring down temp. to 
230 °C, 

required = 70000 nm3/hr or 35 % 

If air to cloth ratio = 1.6 for glass bags, effective 
cloth area of bag 

Filter would be :::: 5200 m2 

(ii) Bag filter with polyester bags 

Direct operation 

Gases to be cooled to 120°C. Therefore diluting 
air required would be 400000 nm3lhr or 200 %. 

For same air to cloth ratio (1.6), effective cloth 
area of bag filter would be 8700 m2 

The replacement costs should also be taken into 
account. Thus if a glass bag costs 2 times of polyester 
bag, the glass bag filter would be costlier in first costs. 
But if life is twice as long, replacement costs I ton of 
material would still be the same. 
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12.8 Heat Exchanger and Bag Filter 
It has been mentioned above that temperature of vent 
gases was brought down by adding ambient air to vent 
gases. Another way of achieving the same objective 
would be to cool vent gases through an 'air to air' heat 
exchanger. They would work together just as get and 
esp work together. 

Because of high cost of an esp many a small plant 
had installed such a combination of heat exchanger + 
bag filter to clean preheater exhaust gases. 

Today this combination has found favour in cleaning 
cooler vent gases. This application requires that in 
designing heat exchanger , volume and temperature 
under upset condition of kiln has to be taken into 
account. 

Platel2.3 showing the heat exchanger. 

Plate 12.3 Air to air heat exchanger for cooling 
vent gases of cooler before entering 
bag filter. 

12.9 ESP & GCT 

GCT that is Gas Conditioning Tower and ESP that is 
Electostatic Precipitator together form a dust collecting 
unit for Kiln and Raw Mill gases. 

12.10 GCT 
GCT is used to bring down the temperature from 
350-280 °C to about 140°C. This also improves dew 
point and thereby improves resistivity of gases. The 
dew point is critical for the performance of the ESP. 

Quantity of water to be added depends on the initial 
temperature of gases. 

Dew point improves from 35°C to start with rise 
to 52-55°C after water spray. 

From practical considerations, 140-120 °C is the 
lower limit of cooling. This is because, lower 
temperatures can create 'wet bottom' conditions. 
See Fig. 12.2 and 12.3. 

1. 

2. In (\IOlspersion plates ~water spray 
nozzels 

Fig. 12.2 

Incoming 

Fig. 12.3 

Gas entries in gas conditioning towers. 

Return valve 
adjusted to control 
quantity sprayed 
in GeT 

Return to tank 

Water spray circuit in gas condition 
tower. 



Normally, an oversized screw / chain conveyor 
of minimum 500 mm dia is installed at the bottom with 
a reversible drive. 

If dry dust is collected, it is conveyed to the dust 
collected in ESP and then two together are conveyed 
either to blending silo or fed to kiln either independently 
or after proportioning it with fresh feed. 

At both ends of screw are installed pendulum flap 
valves which prevent in leakage of air. 
See Fig. 12.4. 

hId = 3 to 3.5 

6 6 

1. Gas condetioning tower 
2. Water spray 
3. Reversible screw conveyor 

at bottom with two outlets 

4. Gas outlet 
5. Insulation & lagging of casing 
6. Pendulam flap valves 

Fig. 12.4 Gas cooling tower. 

However there is bound to be some in leakage. 
For design purposes of gas system, it is taken as about 
10%. 

In indirect operation, gases will enter ESP at 
90-100 °C because of drying in raw mill; dew point 
increases further. 

Quantity of gases, leaving the GCT thus consists of: 

(i) In coming volume. 
(ii) Vapour from water sprayed. 

(iii) In leakage at 10%. 

12.10.1 Water Injected in GeT 
Water sprayed in GCT is lost as it escapes with exhaust 
gases. As a thumb rule assuming an inlet temperature 

Pollution Control 123 

of 300°C and outlet temperature of 140 DC, quantity 
of water required for GCT for plants of different 
capacities would be as shown in Table 12.3.: 

Table 12.3 

Capacity tpd Litres/Hr. Tons/Hr. 

1000 4000 4 
2000 8000 8 
3000 12000 12 
4000 16000 16 

For this reason where there is scarcity of water, 
ESP would not be chosen. In that case Bag filters 
would be selected to clean exhaust gases. 

12.10.2 
Broad design criteria of GCT are: 

(i) average velocity of gases inside GCT should 
be ::: 2m/sec. 

(ii) retention time in GCT should be ::: 10-12 
seconds. 

= 20-24 Meters height 

(iii) LID ratio is generally between 3: 1 to 3.5: 1 

Larger the GCT the better it is. It will ensure 
maintaining temperature of gases at outlet at 140 DC 
without wet bottom. 

GCTs are always insulated and lagged to maintain 
skin temperatures of walls constant. 

Water quantity sprayed in gct is regulated by 
measuring either humidity or temperature of gases at 
its outlet. 

The pump draws water from a tank and injects it 
through nozzles at high pressure (35-40 Kg/cm2) for 
good atomisation. 
See Fig. 12.3. 

The regulation is done by adjusting quantity of water 
returned to the tank. Balance is sprayed through the 
nozzles. 

The number of nozzles and their spacing is governed 
by the diameter of gct. Finer atomisation will result in 
smaller droplets of water and hence faster evaporation. 
Numbers are so decided that the overlapping of sprays 
is minimum. 
See Fig. 12.5. 
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Fig. 12.5 Water spray in gas conditioning tower. 

In some designs, the gct has a double casing with 
hot gases going round the gct to maintain uniform 
temperature of casing of gct. 
See Fig. 12.6. 

t 

1 Inner casing of gct 
2 Outer annualar casing 
3 Water spray 

Fig. 12.6 Get with annular casing. 

It is necessary to maintain negative pressure in the 
gct to be able to take out nozzles and clean them in 
running. 

12.11 ESPs 
Selecting an esp and its design is also governed by 
certain factors. Only factors that are common to all 
designs will be considered here. 

1 Conditioning tower 
2 Spray nozzles 

No.of nozzles according to capacity of 
each nozzle & quantity of water to be 
sprayed. Spacing of nozzle arranged so that 
sprays do not overlap;which would 
cause bigger droplets. 

See Fig. 12.7 and Plate 12.4 which shows cross 
section of an esp. 

An esp is a box as shown with inlet, outlet and 
hoppers. In it are suspended collecting and discharge 
electrodes. High voltage applied to discharge 
electrodes ionizes gases and dusts passing through esp. 
Ionized particles move towards grounded collecting 

1 Casing 

2 Distribution plate with knockers 

3 Collecting electrodes 

4 Discharge electrodes 

5 Shaking mechanism collecting electrodes 

6 Shaking mechanism discharge electrodes 

7 Transformer rectifier set 

8 Hopper 

9 Srew conveyor I chain conveyor 

10 Gas inlet 

11 Gas outlet 

Fig. 12.7 Sectorial view. 



electrodes and lose their change. Dust particles are 
thus deposited on collecting electrodes. At set intervals, 
electrodes are shaken to dislodge the dust particles, 
which fall in the hopper below. A screw conveyor 
installed under the hoppers carries the dust to the dust 
conveying system, mechanical or pneumatic, to be 
treated further. 

Plate 12.5 showing installations of esps for kiln 

and cooler. 

Plate 12.4 Cross section of a static precipitator. 
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The collecting electrodes and discharge electrodes 

form alternate passages as shown. 

See Fig. 12.8. 

Discharge electrodes are generally tensioned wires 

or strips or tubes with points or spikes for helping 

ionization. 

See Fig. 12.9. 

/

sectional view ,..Collecting electrodes 

~c------~(.) c, (~) ______ ~\~)----=--

x x x x 
~ Discharge electrode 

( \) \ <! () t> 

\'spaCing 300 mm/400 mm 

Fig. 12.8 Assembly of electrodes. 
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Fig. 12.9 

Plate 12.5 

Collecting 
electrodes 

h-field height 

°l J, 

~ 

J Discharge electrode In 

..c 

" 
Frame 
'-'--' 

- - - - - - - - - - - - - - short lengths, assembled 

Shaking mechanism 
collecting electrodes 

ESP - basics. 

in frames 

ESP for Cement Kiln 

ESP for Clinker Cooler 

Section 

wt 

Single piece 
discharge electrodes 



Discharge electrodes are connected to transformer 

rectifier sets, which supply unidirectional voltage at 

70-120 KV depending on spacing between collecting 
electrodes. They are insulated from the casing through 
high-tension insulators. 

See Fig. 12.7. 

Collecting electrodes are made of thin plates 

:::::: 1.2 mm thick, about 500 mm wide and are suspended, 
interlocked to form a continuous surface for deposition. 
See Fig. U.S. 

An esp is divided into a number of fields each being 

supplied with its own H.T. Recitifier set. 

Each field has a number of collecting electrodes. 

Electrodes are made in single lengths of 3 to 10 metres. 
To prevent bending, warping etc., they are corrugated 

as shown. Each manufacturer has its own design. 

Some time they are welded with round tubes. 

12.11.1 Design Criteria for ESPs 
The criteria for design of ESP is its collecting surface 

which is measured in m2. Since both sides of the 

electrode are used, the collecting surface of one set in 
each field is arrived at as follows: 

N = no.of collecting electrodes in each field 

W = width of each electrode 

H = height of electrodes (also known as height 
offield) 

S = number of passages 

Therefore collecting area of one field is 

= 2 x S x N x W x H m2 

Total collecting surface, F if number of fields is F 

= 2 x S x N x W x H x F m2 

Number of fields can be 1 in a very small esp to 

6 or 7 (or even more) for very large esps like those 

which handle boiler flue gases in thermal power stations. 

Other criteria are: 

(i) Velocity of gas through ESP = 1-1.2 mJsec 

(ii) Retention time in ESP total = 10-12 ,ec 

(iii) Aspects ratio b / a = :::::: 1.00 

See Fig. 12.10. 
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axb-cross section of ESP casing 
aspect ratio = bla 

c - Depth-determines 
retention time: " length and no.of fields 

n - No. of passages. 
n - aId 
d = Spacing between collecting electrodes 

= 300 or 400 mm 

Fig. 12.10 ESPs basics. 

It is therefore first necessary to workout the 
collection area required. 

12.11.2 Migration velocity and Efficiency 
This is related to: 

(i) Efficiency of dust collection to be achieved, 
(ii) 'migraton velocity' of ionized particles. 

Migration velocity is a 'conceptual velocity' of ion 
particles in their journey between discharge and 
collecting electrodes. 

It is in turn dependent on : 

(i) efficiency desired, 

(ii) temperature of gases treated, 
(iii) their humidity, 

(iv) resistivity of dust contained in gases, 
(v) spacing between collecting electrodes. 

The resistivity curves of dusts of different materials 
vary but follow a similar shape. It is low at temperature 
0-150 °C and again after 300°C. Peak values decrease 
with humidity. 
See Fig.12.11. 

Migration velocities vary between 3 to 12 cms / sec 
for different materials. They would vary for same 
materials according to gas conditions and desired 
efficiency. 
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~-....../ Humidity = 30% 

Humidity = 40% 

Humidity = 50% 

Temperature °c 
a, b ,c resistivity curves at increasing dew points 

Resistive low attemp = 140-150 °c again at> 300°C 
Reduces with increase in humidity 

Fig. 12.11 Resistivity curves. 

Thus for efficiencies 

between Spacing between electrodes 

300mm 400mm 

migration velocity in cms / sec 

90 to 99 % w=lO 13.3 

99 to 99.5 % w=9 12 

99.5 to 99.9 % w= 8 10.6 

Deutsch formula is the most common formula used 
to arrive at 'specific collection area' from a given 
design migration velocity. 

SCA = -{ 100 / w} x In (1-n) 

SCA = Collection area in m2 / volume through esp 
in m3/sec. 

n = efficiency = (dust at inlet - dust at outlet) / dust 
at inlet 

Presently, dust at outlet has been fixed at 55 mg / nm3 

for new plants. 

Specific collection area will increase in proportion 
to inlet dust burden if w migration velocity were to 
remain constant. But as mentioned earlier migration 
velocities would drop for higher efficiencies requiring 
even higher SCAs. 

The impact is more severe when outlet gas burden 
is decreased, inlet dust burden remaining the same. 

Thus impact of reducing clean gas dust burden is 

substantial on size of esp and hence investments are 

also substantially high. 

Recommended migration velocities for esps for 

different applications have been shown in Annexure 3. 

12.11.3 Factors Govering Performance 
Performance of ESP also varies with other factors 

like dew point, temperature of gases etc. 

To judge the expected performance of ESP under 

operating conditions, as compared to design conditions, 

correction factors are applied for deviations in volume, 

temperature, dew point, inlet dust burden etc. 

12.12 CO in Gases Through ESP 
Incidence of CO is dangerous for an esp. CO + 02 
burn to make CO 2 under right conditions. ESP 

performance is related to sparking which causes 

ionization. Therefore, CO in presence of 02 is a 

potentially dangerous mixture and can result in 

explosions inside ESP. 

02 content should not exceed 6% (even after 

allowing normal leakage). Kiln exit gas can be called 

'inert' when 02 is limited to 8%. It is attempted to 

keep the CO content less than 0.03%. 

When CO exceeds this level, power to ESP, HT 

rectifier is tripped so that sparks stop. 

It is therefore necessary to monitor CO content in 

ESP continuously. When CO is indicated in an 

increasingly trend curve, the ESP must be tripped. In 

case of sporadic and momentary peaks, it need not be 

tripped. 

See Figs. 12.12 and 12.13. 

12.13 Constructional Features of ESP 
Depending on size of ESP, the hopper can be trough 

or pyramid type. In the 1 st Case, screw or chain 

conveyor is attached to hopper bottom directly. 

The conveyor is sized generously much in excess 

of rate of deposition of the dust, so that it is never over 

loaded. 
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Fig. 12.12 Monitoring CO in exhaust gas. 

A • at klin inlet 
B • at outlet of calciner 
C • near preheater fan 

Fig. 12.13 Points of measurement of CO in kiln 
with calciner. 

Even then, it must operate continuously with the 
kiln and cannot be maintained or attended to when kiln 
is in operation. This is a serious disadvantage of this 
arrangement. 
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Hopers must have steep angles; valley angles 
should not be less than 50-55 DC. 

Hoppers should hold 6 to 8 hours' deposition in the 
event of subsequent conveying equipment breaking 
down. 

Very long screw conveyors would need to have 
intermediate bearings. It may not be possible to attend 
to the bearings without requiring to detach or lower 
the screw conveyor in an arrangement as shown. 
See Fig. 12.7. 

In pyramid arrangement, screw conveyor can be 
readily and easily maintained. It can be isolated from 
hoppers by dampers. It has however the disadvantage 
of promoting in leakage in the system. 

A redler type chain conveyor may be preferred 

as it has no intermediate bearings. 

The dust collected in ESP being fine, it cannot be 
easily fluidized. Therefore, airslides are not suitable to 
convey ESP dusts. 

Chain and screw conveyors are commonly used to 
convey esp dusts. 

Number of Fields : 

Number of fields would be governed by the gas 
volume to be handled and desired clean gas dust 
burden. 

Generally speaking there should be minimum 2 fields 
so that in the event of failure of I field, ESP does not 
stop together. 

For cement plants, to ensure good performance 
3 fields, would be ideal; mostly through 2 fields would 
be used. 

12.14 ESP for Coal Mill 
Coal has much better resistivity than raw meal, clinker 
and cement. 

Gases are at low temperature « 80 DC) and dew 

point is high because of high moisture in coal (8-10%). 

Therefore ESP is an ideal dust collector for venting 

coal mill gases. It is also possible to use a single field 

ESP. 
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However, in coal mill circuit, there is always a 
possibility of incidence of CO in gases entering ESP 
due to slow combustion of coal; or burning coal 
entering the mill for grinding from stockpile. 

Coal dust and air mixtures, if volatiles in coal are 
high, are potentially explosive at certain concentrations. 
However, it is difficult to predict the dangerous 
conditions with any degree of accuracy. 

Coal mill ESPs are therefore more prone to 
explosions. ESPs are therefore fitted with explosion 
flaps on roof and explosion doors on walls to protect 
them from damage in the event of actual explosions. 
Such devices installed to protect ESP can also, 
ironically be the cause of further damage as release 
of pressure within may also bring in oxygen rich 
atmospheric air into esp. 

12.14.2 Inert Gases Through ESP 
The best way is therefore to use inert gases in the mill 
circuit for drying so as to eliminate all possibilities of 
explosion. 

Preheater exhaust gases at 250-280 °C and with a 
dew point of 35°C and 02 content of 6-8% (maximum) 
are ideal for drying in the coal mill system. However, 
these gases may contain CO from time to time. Hence, 
it is necessary to monitor CO at both inlet and outlet 
of esp of the coal mill. 

Provision should be made for injecting CO2 in the 
system and also in the coal hopper. In extreme cases 
spraying water in the ESP is also provided for. 
Alternatively inert gas generator could be installed. 
See Plate 4.6 in Chapter 4. 

12.15 Bag Filter for Coal Mill 
Bag filter is the other solution and has also been used 
extensively in coal mill systems. 

It requires using bags with metal threads to make 
them antistatic. Besides detecting CO at inlet and 
outlet, rise in temperature between inlet and outlet 
should also be continuously measured as it would be 
an indication of slow combustion of coal inside the filter. 

The filter should be constructed so that there are 
no corners or ledges, which would permit accumulation 
of coal dust. 

For coal mill circuits, it is best to use preheater 
gases for drying whatever the filter. It ensures safety 
of equipment and men. 

12.16 Gravel Bed Filter 
Gravel bed filters were developed to clean cooler vent 
gases. Besides the fact that temperature of these gases 
under normal running conditions is high at ISO-200°C, 
and they contain coarse and abrasive clinker dust, the 
gases are also liable to increase in quantity and 
temperature during upset condition of the kiln. Bag 
filter was not then a good choice. ESP had not been 
tried out. In gravel bed filter, cooler vent gases passed 
through a bank of cyclones and are then passed through 
beds of gravel in shallow containers. Gravel was 
periodically stirred and clean air flow was passed 
through gravel bed to take out the precipitated clinker 
dust. 
See Plate 12.6. 

These filters were successful in that they cleaned 
gases as well as bag filters did, but pressure drop was 
high because of drop in cyclones and beds. 

After ESP was successfully used for this application, 
development of gravel bed filters was not pursued. 
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Plate 12.6 Gravel bed filter to clean cooler vent gases. 
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Sr.No. 

1 

2 

3 

4 

Annexture 1 
Reduction of concentration of air borne dust with distance. 

Height of Vel. of Distance from Stack in meters 

Stack wind 200 400 600 800 1000 1200 1400 1600 1800 

meters kmph dust concentration in ppcc 

42 106 178 252 429 655 525 140 108 74 

48 213 193 140 140 133 100 100 93 80 

53 10 250 353 410 450 500 445 280 165 160 

60 120 92 80 105 40 40 33 27 19 

Annexture 2 
Quantum of fines in vent gases of various machinery. 

Sr.No. Item 
% of-10 micron 

particles 
1 Crushers 5-20 
2 Rotary dryer 40-70 
3 Drying and grinding plant 40-90 

4 Rotary kiln with cyclone 85-100 
preheater 

5 Grate cooler 0-15 

6 
Tube mills 

Raw. coal and cement 40-80 

7 Material handling systems 10-50 
Vents of packing machines 

Annexure 3 
Electrostatic precipitators, migration velocity and gas velocity in case of some common applications 

in cement plants. 

Mean gas Migration 
Sr.No Application Velocity Velocity 

m/sec. cm/sec. 

1 Wet. rotary 0.9-1.3 10-13 
kiln 

2 
Kiln with lepol 0.8-1.2 8-12 

preheater 

3 
Dry kiln with 0.8-1.2 8-12 

Preheater and gct 
4 Shaft kiln 0.6-1.0 6-10 
5 Grate cooler 0.5-0.8 4-8 

6 
Dryer. drying and 0.6-1.2 6-12 

grinding plant 

7 
Cement mill with 0.6-1.0 6-10 
water injection 

Above migration velocities are for electrode spacing of 300 mm, for spacing of 400 mm, multiply by 1.33. 



Sr.No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Sr.No. 

1 

2 

3 

4 

Type of Fibre unit 

name 

Annexture 4 

Data on filter fabrics 

Natural Fibres 

wool cotton nylon 
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Man made Fibres 

nomex dralon T polyester teflon glass 

density gm/c.c. 1.32 1.54 1.15 1.38 1.15 1.38 2.1 2.5-2.7 

tearing resistance 

elongation 

moisture absorption 

water retention cap. 

melting point 

temp. resistance 

of filter material 

continuous max. 

fabric colour 
trade name 

polyester 
dacron white 

polyamide 
nylon white 

polyramid 
nomex cream 

acrylic 
dralon T cream 

glden 

% 

% 

% 

°c 

°c 

°c 

2.5-5 1-2, 4-6. 5.5 

25-35 7-10. 25-45 20-25 

10-15. 8-9. 4-4.5 2.5-5 

50-70 50-80 10-15 0 

>130 > 200 250/215 375 

80-90 75-85 75-85 190-200 

100 95 95 220 

Annexture 5 

Properties of fabrics for filter bags 

sp. density tenacity continuous 

3.1-3.5 4-7. 1.6 7-12. 

15-30 10-20. 18-75 5-Feb 

1-1.5 0.3-0.4 0 0 

8-12. 2-5. 0 0 

>300 250-260 >275 >800 

125-135 130-140 200-220 250 

140 160 250 310 

max. short chemical 
gm/c.c. CNITEX operating temp. duration temp. resistance 

°c °c 

1.38 60 150 170 fair-good 

1.14 60 110 120 fair-good 

1.38 33 220 250 fair-good 

1.15 35 135 150 good 
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Annexture 6 
Short and long period temperatures withstood by different filter fabrics 

Sr.No. 

1 

2 

3 

4 

5 

6 

7 

I Sr.No. 

1 

2 

3 

4 
7 

8 
9 

10 

trade name chemical maximum operating temp. 
classification continuous 

°c 

cotton cellulose 70 

dacron polyester 135 

glass alass 275-285 

nomex polyamide 230 

nylon polyamide 90 

teflon tetrafluorothylene 230 

wool protein 90 

Annexture 7 
Commonly used air to cloth ratios 

APplication Type of Temp. 
dust °c 

Raw materials Limestone ambient 
Handling, storage clay 
Drying and drying Raw meal 70-130 

Plants raw meal and coal Coal dust 
Conveying and storage Raw meal < 50 

Raw meal and pulverized Coal dust 
coal 

Grate coolers clinker -140-150 
Handling and storage clinker -70 

of clinker 
Cement mills cement 80-100 

Handling and storage cement 80-100 
of cement 

Packing plant and bulk cement 80-100 
dispatches 

short time 

°c 

120 

175 

340 

257 

120 

285 

120 

Air to cloth 
ratio 

m3/m2/hr 
180-200 

120-140 

150-180 

120-140 
120-140 

120-140 
120-140 

150-180 



CHAPTER 13 

CEMENT MILLS AND CEMENT STORAGE 

13.1 Cement Mills 
Balli Tube mills are also suitable for grinding clinker 

into cement. For decades only tube mills have been 

used to make cement. 

Till about 1960s cement mills used to be 'open 

circuit' mills. Most Cement Plants made only one grade 

of cement and changing fineness of cement produced 

was hardly ever required. Even when some plants 

made slag cements or pozzolana cements fineness was 

more or less fixed. Open circuit mills served the 

purpose of the cement industry for a good many years. 

Open circuit mills were longer with length to 

diameter ratios of + 4: 1. Hence they were also called 

'tube mills' in comparison with short raw and coal mills. 

It was realized though that 'closed circuit' mills 

were a far better option when grinding to higher 

finenesses as compared to fineness of plain opc. 

They were energy efficient and it was also very 

convenient to change fineness as and when required. 

Further many cement plants started to make more than 

one grade of cement. Therefore cement came to be 

made in shorter mills with Vd ratios of 3 to 3.5 operating 

in 'closed circuit' with mechanical separators with dual 

drives. Dual drive made it convenient to change 

fineness of product in running. 

13.2 High Efficiency Separators 
When 'high efficiency separators' were developed they 

came to be used in cement mill systems and thus 

further enhanced operating efficiency reducing power 

consumption. 
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Therefore where balls mills were used to grind 
cement, the system is now invariably, closed circuit 
with high efficiency separators. 

13.3 Vertical Mills to Make Cement 
Now Vertical Roller Mills are increasingly used to 
make cement. This has been possible for two reasons. 

1. Development of better wear resistant materials 
for liners of rollers and table. 

2. Using external circuit where velocities at air ring 
are very much on lower side thereby reducing 
wear further. 

Vertical mills are now fitted with High Efficiency 
Separators improving their performance further. Fan 
power of the system is also reduced. 

13.4 Roller Press and Ball Mill Combination 
Roller Presses are used as 'precrushers' before the 
ball mill in closed circuit. As has been mentioned 
earlier, Roller Presses used very high pressure between 
Rolls (as against simple roll crushers). Material passing 
through rolls undergoes constructional changes which 
makes it far more easier to grind. Also about 30 % 
material is pressed to final size. 

Therefore ball mill following in the circuit has to do 
much less work and is much smaller. Total power 
consumption is also less by about 30 %. 

Roller Press can be used in 'hybrid grinding' with 
mill or by itself with a disagglomerator and high 
efficiency separator. 
See para 4c.2 in Chapter 4c. 
See Figs. 13.1 and 13.2. 
See Plate 4c.l in Chapter 4c. 
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13.5 Precrushers for Clinker 
Cheaper pre crushers were available by way of vertical 
impact crushers. They worked in closed circuit. 
See Fig. 13.3 and Plate 13.1. 

A Vertical Roller mill has also been developed to 
work as a pre grinder or primary mill. One such mill 
could serve for two or more secondary or finish mills. 
See Plate 13.2 and Fig. 13.4. 

Fig. 13.1 Flow chart - roller press and ball mill for cement grinding. 

Fig. 13.2 

Fig. 13.3 

Hopper 

Elevator ball mill 

Layout of roller press and ball mill and disagglomerator. 

Grinding circuit with precrusher and external cement cooler. 

1 Hoppers 
2 Impact crusher 
3 Elevator 
4 Screen 
5 Ball mill 
6 Elevator 
7 Grit seperator 
8 High efficiency separator 
9 Pre collector 
10 Fan 
11 Cement cooler 
12 Dust collector 
13 Fan 
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Plate 13.1 Pre crusher or clinker. Plate 13.2 Vertical roller mill as a pregrinder. 

4 '\ 5 

~ 
0 1 Clinker hopper - 2 Belt feeder 

~ W 
3 Pregringing vertical mill 
4 Elevator 
5 Belt conveyor for ground clinker 

6-7 Cilnker & g~psum hoppers 
0--0 2 8-9-10 Cement mil s 

0--0 0--0 0--0 

(0 (0 G 
Fig. 13.4 Using pregriding vertical mill for a batch of finish mills. 

13. 6. Cooling of Cement 

Cement has to be kept at temperatures less than 
110 DC. Earlier, mills had internal water spray systems 
to achieve this objective. Even external water cooled 
cement coolers were developed. Fig. 13.5 showing 
internal water spraying system to cool cement and 
Fig. 13.3 showing external cement cooler in system. 

A typical external cement cooler is shown in 
Fig. 13.6. 

With closed circuit grinding where high efficiency 
separators are used, cement comes in contact with 
large quantities of air. Therefore separate cooling 
systems are not necessary. 

13.7 Sizing Cement Mills 
As explained earlier, in working out capacities of 
cement mills, it is practical to add a further margin of 
at least 10 % over and above design margin. 
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Air pressure 
switch 

Pressure 
gauge 

Air supply 

Fig. 13.5 

Fig. 13.6 

Water & air Pressure 
gauge Solenoid 

Pressure 
value gauge ~ __ ~-&~~ __ ~~~~ __ __ 

Feed end 

Cement mill 

Rotary 
Junction box 

Internal water coolil"!9 system for a cement mill. 

Adjustable 
Gate 

Material 
Outlet 

External cement cooler. 

Material Inlet 

Water pressure 
switch 

Water pump 

Cooling water inlet 

..fluidizing 
Air Inlet 



For a 3000 tpd kiln, cement mill required on this 
basis would be ::: 200 tph. A very large ball mill 
requiring> 6000 kw drive would be required. The mill 
would have slide shoe bearings and a 'dual drive'; or 
a mill with a wrap around motor to eliminate the gear 
box. 
See Plates 4a.2 and 4a.3 in chapter 4a. 

Both are very expensive alternatives and hence it 
would be more common to find that instead of one, 
two mills are preferred in large cement plants. 

Even a vertical mill would need a drive of ::: 
3600 kw. 

It ~ould' be prudent to install 2 mills rather than 1 
so that in the event of something going wrong, one mill 
would always be working find production would not 
be stopped altogether. 

Another reason for going in for two mills is that 
2 types of cement can be ground simultaneously one 
say OPC and the other a blended cement like Pozzalona 
/ Slag Cement. 

Procedure for sizing the mill (ball mill) would be 
the same as for mill to be sized for grinding raw 
materials. Two additional factors, though would have 
to be taken into account. 

1. Fineness factor. 

When cement is required to be ground finer than 
3000 Blaine, a multiplying factor is used to arrive 
at sp. power consumption. 

See Table 13.1 in Annexure 1. 
2. C2S factor. 

When C2S in cement is more than 15-20 %, it 
requires more power. 

See Table 13.2 in Annexure 1. 

13.8 Cement Mills to Make Blended Cements 

It would be economical for a plant to make blended 
cements like 

Pozzolana Cement (PPC) and Slag Cement (BFSC) 
when blending materials fly ash and slag are available 
nearby and when market accepts blended cements. 

Slag is a waste product of steel plants. Hence if a 
steel plant is in the vicinity of say (100-200 Ian) it would 
definitely be advantageous to produce slag cement, 
there by more than doubling the production of cement, 
kiln capacity remaining the same. 
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This is equally true of another blending material
fly ash. Up to 30% Fly ash can be added to make 
PPC. Fly ash is also a waste product of Thermal Power 
Stations. 

However when there are possibilities of making 
blended cements then the planning of cement grinding 
has to be done carefully. It would be necessary to 
identify demands of blended cements, assess quantities 
of blending material available on a continuous basis 
and to arrive at proportions in which OPC and blended 
cements would be produced. 

13.8.1 Capacities When Making Blended 
Cements 

Mill capacities tend to increase when producing fly 
ash cement as compared to OPC, because fly ash is 
already a very fine material and is required to be 
blended rather than ground with clinker. 

It is therefore possible to increase capacity of mill 
by 15-20 % when making PPC. 

Fly ash can be either inter ground with clinker or 
ground separately in a smaller mill and blended with 
OPC produced separately in a bigger mill. Even when 
inter grinding, fly ash may be first added to the 
separator rather than the mill so that only coarse fraction 
will .be ground with clinker. The mill capacity can then 
be increased further. 

Thus the plant has to size the mill first on basis of 
OPC and allow for material handling equipment and 
cement storages on basis of ppe. 
See Fig. 29.6 in Chapter 29 of Section 6. 

The case is exactly opposite when producing slag 
cement. Same mill when grinding BFSC will produce 
only at ::: 60 % capacity as compared to OPC. Thus 
mills will have to be sized for BFSC and material 
handling equipment on basis of OPC. 

13.9 Storing Different Cements 
Producing Blended cements as well as OPC 
simultaneously requires cements to be produced and 
stored separately. Nowadays almost all plants will 
be producing more than one type of cement. Even in 
OPC there would be 43 & 53 grades, which, strictly 
speaking, should be stored separately. From time to 
time the company my produce special cements in small 
quantities against specific orders. Thus in a plant 
facilities are required to be provided to store separately 
different types of cement. 
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A typical cement storage silo has been shown in 
Plate 13.3. 

Plate 13.3 Cement storage silo with aerated 
bottom and with facility for bulk 
loading under it. 

This can be done in two ways: 
(i) Construct different silos for each type of 

cement. Sizes and capacities of silos would be 
in accordance with demand for each type. 
Thus if demand for ppe is say 20% then silos 
for ope would be for 80% and silos for ppe 
20% of production capacity. 
In case of slag cement may be all silos would 
be identical in size and capacity, and cements 
could be stored in anyone that is empty. 

(ii) Some times demand for special cements may 
not be sizeable. In such a case a silo is 
compartmentalized so that cements of different 
type can be stored separately within the same 
silo. 
(a) Rings . 
(b) Sectors and Ring as shown 

See Figs. 32.2 to 32.7 in Chapter 32 of 
Section 6. 

13.9.1 Extraction/rom Multi Compartment Silos 
With different type of cement stored in the same silo it 
also becomes necessary to provide for separate 
extraction systems for each type leading to packing 
machines. 

See Plate 13.4 in which cement is extracted from 
a sectionalized silo at more than one level. 

, , 
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Plate 13.4 Multi compartment cement silo 
extraction from different levels. 

Packing machine and dispatches also would be so 
laid out that two types of cement can be extracted 
simultaneously and packed and di spatched 
simultaneously. 

This layout has to be planned carefully. It should 
also have flexibility in it that anyone packing machine 
or system of conveyors and loaders will handle all types 
of cements made. 

13.10 Handling Bulk Cement 
In bulk cement, this becomes easier as cement of a 
type can be taken to a small bin Isilo used for bulk 
loading and bulk carriers loaded from it. It is also 
possible for bulk carriers for road transport to stand 
directly under the silo and get loaded with the type of 
cement that is to be dispatched. 
See Chapter 36 in Section 6. 

Layout aspects of cement mill systems and cement 
storage have been dealt with in greater detail in 
Chapters 30 to 32 of Section 6. 
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Annexure 1 
Table 13.1 Multiplying factors to arrive at power consumption for different 

fineness of cement. 

Blaine 80% passing Fineness 
surface size microns factor 

2520 62.4 1.018 
2700 53.6 1.04 
2880 45.7 1.07 
3060 40.7 1.094 
3150 37.6 1.11 
3600 28.2 1.19 

Table 13.2 Multiplying factors for output and power consumption on account of C
2
S 

content in cement. 

% Multiplier Multiplier for 
C2S for output Power consumption 

5 1.1 0.91 
10 1.05 0.95 
15 1.0 1.0 
20 0.95 1.05 
25 0.88 1.14 
30 0.82 1.22 
35 0.72 1.4 



CHAPTER 14 

14.1 Packing Cement for Despatches 
Cement is produced in bulk and stored in cement silos 
of large capacities. It is sent to market in general and 
to individual customers in bags of specific weight filled 
in the cement plant. 

Use of and dispatches of cement in bulk has been 
common in developed countries but in India it is 
catching up only now. 

Filling cement in bags of specific weight required 
packing or bagging machines which could pack large 
quantities accurately. Packing machines were 
developed to satisfy this need. In developed countries 
paper bags are being used. In India cheapest and 
durable and reusable material was jute. Hence till now 
cement used to be packed in jute bags. Jute has now 
been replaced by high density polyethylene (h.d.p.e.) 

Spout ,/ ------

PACKING OF CEMENT 

Loading of bags had been manual to start with. 
Therefore bags were sized to hold 50 kgs of cement. 
For a large number of bags to be packed and got ready 
for dispatch it was not practical to fill and weigh and 
sew and seal each bag individually. 

14.2 Packing Machines 
Packing machines were developed to carry out the 
operation of filling each bag with specific weight with 
a tolerance of ± O. 5% 

Necessity to sew a bag was eliminated by making 
bags with a self closing valve. Bag to be filled was 
slipped on a spout of the packing machine. It rested 
on supports which tilted when bag was full and allowed 
to slip it off the spout. Pressure of cement closed the 
valve. 
See Fig. 14.1. 

50kg capacity bag 

Fig. 14.1 

Support - which drops and allows loaded 

bags to fall down when 50kg wt is filled 

Filling of cement in bags-automatic discharge of bags. 

142 
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Bags were filled by feeders fixed in the hopper of 
the machine. 

being filled on the other side of the arm was used for 
many years to ensure correct weighing of bags. This 
mechanism is now replaced by electronic weigh scales. 
See Fig. 14.2 to 14.4. 

A weighing mechanism similar to a weighing scale 
with a fixed weight of 50 kgs on one side and the bag 

Fig. 14.2 

Fig. 14.3 

II 
, / 
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1 Equal-arm weigh-beam 

2 Weight box 

3 Upper guide rod 

4 Lower guide rod 

5 Sack support 

6 Filling spout 

7 Damping system 

8 Fine feed control device 

9 Proximity switch 

10 Proximity switch 

Stationary packing machine equal-arm weighing mechanism. 

~5 6 ·-4 1 & 12 Guide rods 
" 3 

-"8
7 r 2 Paddle Feedar 

~ /2 3 & 4 Quick action cut off system 

~~~' 1 . . 5 Equal-arm weigh beam' 

f\. , ! ~ 6 & 7 Damping system 

10-. lt.?J .. ~....L.. ~ 8 Weight box 

11 _. - i---1 ,,9 Filling spout 

~ o;,:c:>!! 10 Sack saddle 

+.~.+ 11 Fine feed contml device 

12 -.--.:J 

Rotary packing machine equal-arm weighing mechanism. 



144 Section 2 MACHINERY USED IN MAKING CEMENT 

Fig. 14.4 Electronic weighing system. 

Loading 
point -1 
--+ 

Discharge 
point 2 

1 Filling spout 
2 Valve sack 
3 Sack saddle 
4 Sack support 
5 Compression spring 

(overload protection) 
6 Mounting frame 
7 Flexural bar 
8 Flexural bar attachment 
9 Machine frame 

10 Weight indication 
11 Guide rod 

12 Tare relieving spring 

13 Tension adjusting screw 

14 Fixing aperture 

15 Stop 

16 Stop screw 

:;:;~~,~,g 0 
Discharge 

Loading . t 
Discharge pt 1 pain 
point 1 _ ..... ..:..-_--It _____ .. for despatches 

Fig. 14.5 Bagging of cement. 

It was necessary to feed cement free of foreign 
bodies to the packing machine. A screen either vibrating 
or rotary was installed above the hopper of the packing 
machine to remove foreign bodies if any. 

~~~ rig. 32.1 and 32.8 in Chapter 32 of 
Section 6. ,I, ,_ 

Stationary packing machines consisted of a number 
of spo~rs ffiT~ge~ fn ~ fpw . .Bags were slipped on the 
spouts and when filled were dropped on a belt conveyor 
below for conveying to trucks or wagons for loading. 
For practical reasons number of spouts in a row was 
4, max. 6. Therefore capcity of a stationary packing 
machine was limited to 60 to 90 tph. 

14.2.1 Rotary Packing Machines 
In rotary packing machines, spouts were arranged on 
a rotating bin complete with rests for the bags. Operator 
slipped bags on successive spouts as they were 
positioned in front of him for the purpose. Bags got 
filled as machine turned and dropped at another 
point. One operator was sufficient for capacities up to 
100 tph. 

For higher capacities rotating machines with two 
loading and two dropping off points were developed. 
See Fig. 14.5. 

Packing machines come fitted with a hopper under 
it to collect spillage. A short slat conveyor leads bags 



Fig. 14.6 Packing of Cement in bags. 

on to loading conveyor. Spilled cement is collected and 
returned to elevator 
See Fig. 14.6. 

Packing machine has a hood around it to vent it to 
avoid dust nuisance. 

14.3 Paper and HDPE / Jute Bags 
There is considerable difference in handling paper bags 
and jute or polythene bags. Handling is easier and 
faster with paper bags. There is no spillage. Jute bags 
are more prone to get stuck and spillage is more. 

Automatic bags feeding machines have been 
developed for paper bags. Either rolls of paper bags 
or bags in a stack are fed to the packing machine by 
mechanical pneumatic conveyors. 

+ 
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1 Packing machine 
2 Loading spouts 
3 Counter weight 
4 Spillage hopper 
5 Grilled platform 
6 Slat conveyor 
7 Belt conveyor 

For loading 
600 mm flat belt 

See Figs. 38.1 and 38.2 in Chapter 38 of 
Section 6. 

Packing and dispatching operations with paper bags 
have been fully automated in developed countries. 

Layout aspects of a packing plant have been dealt 
within Chapters 32 and 34 of Section 6. 

14.4 
Plate 14.1 shows layout of a packing plant designed 
for truck and wagon loading. 

Plate 14.2 shows a Rotary Packing Machine. 

Plate 14.3 shows a truck loading machine. 

Plate 14.4 shows a wagon loading machine. 
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Pj~\ 

Plate 14.1 Layout of a cement packing and dispatching plant. 
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Plate 14.2 Rotary packing machine. 

Plate 14.3 Truck loading machine. 

Plate 14.4 Wagon loading machine. 



CHAPTER 15 

15.1 Cement Dispatches 

1. Cement Dispatches can be in bulk and or in bags 
exclusively or in various proportions. 

2. Dispatches can be by rail or by road, again 
exclusively or in various proportions. 

Aspects of layout for arranging facilities in such 
situations will be dealt within Section 6 dealing with 
layouts and detailed engineering. Here equipment used 
in dispatches of bagged and bulk cement and clinker 
would be dealt with in brief. 

15.2 Dispatches of Bagged Cement 
(a) By Rail 

In most cases bagged cement would be sent in 
closed wagons. Wagons were till recently 
loaded manually. Loading platform would have 
a flat belt with diverters. Wagons would be 
positioned on either side of the platform. Bags 
would be lifted off manually from the belt and 
stacked manually in wagons. 
However this is not practical for large sized 
plants. Therefore 'wagon loading machines' 
are now commonly used to dispatch bagged 
cement in wagons by rail. Wagon loading 
machine is a portable unit with 3 belts which 
can be articulated with respect to one another. 
It can reach all comers of the wagon and can 
also stack bags. Loading is speeded up and 
manpower is considerably reduced. 
See Plate 14.4 in Chapterl4. 

(B) By Road 
As in case of dispatches by rail 'truck loading 
machines' are used to load cement bags in 
trucks. They are conceptually similar to wagon 
loading machines. 
See Plate 14.3 in Chapter 14. 
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Trucks mostly used, are lOt capacity standard 

trucks; occasionally bags are also loaded on long 

trailers requiring loading machines with longer reach. 

15.3 Handling of Cement Bags 
When cement is exported, bags can be loaded on pallets 

and pallets would be loaded in containers. 

Bags are also wrapped in plastic sheets to eliminate 

pallets. Weights commonly handled are half a ton or 
one ton. 

Cement for export will be packed in paper bags 

which are easier to handle and handling is free of dust. 

Bagged cement does not need 'weighing' facilities 

as each bag is weighed on the packing machine 

15.4 Dispatches in Bulk 

(A) By Rail 

Cement can be dispatched in bulk in closed 
wagons. It would be necessary to weigh 
wagons before and after loading. If loaded in 
open wagons, care would have to be taken to 

cover the wagon with tarpaulins Iplastic sheets 

to prevent ingress of water. 

At unloading end wagons will be emptied 
manually or by using 'cement unloaders'. 

Now 'special self unloading' tank like wagons 

are available for transporting cement by rail in 

bulk. Cement plants can have their own 
wagons for this purpose. 

Wagons are unloaded pneumatically. 

See Plate 15.1. 



Bulk rail wagon loading Bulk . rail wagon unloading 

Plate 15.1 Loading and unloading bulk cement in wagons. 
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(B) By Road 

Special bulk carriers of 10-15 ton capacity are 
available to carry cement in bulk by road. 
These carriers are unloaded pneumatically at 
the destination. 

See Plate 15.2. 

Plate 15.2 Bulk carrier for road transport. 

15.4.1 Loading of Cement in Bulk carriers or 
Wagons 

Cement can be directly loaded in wagons or carriers 
from silos or bins. A weigh bridge is required to know 
weight of cement loaded. 

Alternatively small bins on load cells could be used 
to load wagons or carriers. 

Bulk handling of cement requires dedusting 
arrangements to clean air being displaced while loading. 

15.5 Selecting Plant Machinery 
Sizing of machines, their capacities and numbers 
depend on volume to be handled, and time available 
for loading and unloading. This is particularly relevant 
for loading wagons where railways and ships allow a 
specific time for loading them. 

It is also dependent on proportions of cement to 
be sent.from a plant in bulk and bagged and by rail and 
by road. In a majority of cases, all these four variables 
could be taking place simultaneously. 

15.6 Export of Cement 
Cement may be exported to neighboring countries. It 
will be sent by road or rail as above. 

It could also be sent to distant countries. While a 
small portion would be sent in paper bags, most of it 
would be sent in bulk, both by ship. 

Cement sent in bags and by ship would be sent in 
containers to the port of shipment. At the port 
containers will be loaded on the ship 

If the plant exporting cement is far from a port, it 
would prefer to send it in bulk. It would create storing 
facility at Port. Cement would be sent to silos on port 
by bulk carriers by road or rail. Cement would be 
unloaded from it directly into ship's holds pneumatically. 

15.6.1 Shipping Bulk Cement 
Exporting in ship loads would require very high material 
handling rates because like railway wagons, ships 
would be docked for limited hours. 

Assume a ship which carries 50,000 T of cement 
docks into port. Maximum time available for loading 
this quantity is say 7 days. 

Every day 50,000/7 = 7150 tons of cement is to 
be loaded. Working round the clock loading rate would 
be 300 tph. 

15.6.2 Facilities for handling Bulk Cement for 
Export 

Cement in silos will be first fluidized by admitting air 
at bottom. Cement will be extracted from silos and 
metered and conveyed pneumatically by a system of 
air slides and dosing valves and pneumatic conveying 
systems for long distances such as, FK Pump, 
Airveyor- Air stream and Fluxo systems to ship's holds. 

15.6.3 Pneumatic and Mechanical Conveying 
Systems 

Pneumatic conveying systems have the advantage that 
they convey cement when air borne in pipelines and 
hence it is easily possible to change direction, elevation 
and so on. Also dust nuisance is nil during transport 
itself. Conveying air has to be vented at the end, which 
can easily be done through a bag filter. 

For shore based plants, cement could be conveyed 
pneumatically from the plant itself to storage silos. 

For bulk loading of cement at high rates, pneumatic 
aeration and handling and conveying is the most 
convenient method. 
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If the following are compared, the efficacy of 
pneumatic conveying for high conveying rates would 
be evident. 

(i) Pipeline size for 300 tph for pneumatic 
conveying. 

(ii) Belt conveyor, screw conveyor and Elevator 
sizes to convey at the rate of 300 tph. 

The mechanical conveying systems besides 
themselves being large in size also require cumbersome 
and heavy supporting gantries. 

Any change of direction and level means another 
machinery unit, another drive and also dust nuisance 
during transfer from one unit to another. 

Lastly when dropping in the ships' holds, telescopic 
chutes would be used. These chutes would also have 
a suction system to arrest escaping air, thereby 
minimizing dust nuisance. Alternatively if the holds are 
generally used to handle cement and similar materials 
a bag filter can be permanently provided on ships hold 
to arrest fugitive dusts. 

15.6.4 Layouts for Despatches 
Therefore, the layout of a cement storage and 
dispatches section is one that requires meticulous 
planning and it should be designed not only for the 
present but for the future also. 
See Plates 15.3 to 15.6. 

Plate 15.3 Ship loading and unloading machines for bulk cement. 

Plate 15.4 Unloading into bulk carriers straight from ship. 
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Plate 15.5 Unloading and loading facilities installed on ships - bulk cement. 

Plate 15.6 Loading and unloading terminal for cement at port. 
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15.7 Bulk Handling of Clinker for Export 
Bulk handling of clinker is an altogether different 
proposition. Clinker would be best conveyed by 
mechanical conveyors like belt, screw, elevator etc., 
because it is granular and also abrasive. 

In most cases unidirectional mechanical handling 
systems would suffice for dispatching clinker for 
export. 
See Plates 15.7 and 15.8. 

A bi-directional system would be used when it is 
required to receive another granular bulk material like 
coal and dispatch clinker from the same port. 

When handling such materials on a regular basis, 
ships would be fitted with extractors or machinery that 
would draw clinker / coal from the hold and bring it to 
a point outside it; from there the mechanical handling 
system installed on the port would convey it either to 
storage silos or open stock piles. 

Like handling cement, loading and unloading rates 
for clinker too would also be high viz + 250 to 300 
tph. 

Cement companies may come together to create a 
common handling facility at the port / dock for loading 
ships with clinker and cement. It would be a good 
example of co-operation within the Industry. It 
distributes burden of capital expenditure. 
See Plates 15.3 to 15.6. 

15.8 Split Location 
Some Cement Companies have split location. In split 
location clinker is made in one place and cement is 
ground in another place. Examples of split locations 
are now many. 

Cement plants that are located along the coastal 
line can conveniently transport clinker in barges or 
ships. Water transport is the cheapest transport system 
for bulk materials. The grinding units at split locations 
would also be located along the coast. These companies 
have created their own jetties and handling facilities 
at port or jetties. 

Designing of such facilities is a specialist's job and 
he has to take into account, tides, winds, monsoons, 
and also maximum and minimum drafts available that 
would limit size of the ship / barge that can be docked. 

15.9 Transporting Clinker in Bulk by Rail or 
Road 

When Cement Companies make blended cements, like 
Slag Cement or Pozzolana Cement, often movement 
is in two directions. Blending materials are brought in 
and clinker is sent out in bulk by rail or by road. 

Plant needs to arrange for loading facilities like 
hoppers on load cells and feeders to load trucks or 
wagons. 

Trucks used would mostly be standard self tipping 
trucks which would unload clinker in storage facilities 
provided at the destination. 

Wagons will be open wagons which would be 
unloaded manually. 

However if the volumes to be handled are large, 
wagon tipplers could be installed to unload rake loads 
of clinker received. 
See Plates 15.7 and 15.8. 

Plate 15.7 Sending clinker in bulk by road. 
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Plate 15.8 Loading station for bulk dispatches of clinker. 

Plat~ 15.9 Loading bulk carriers for rail transport of cement/fly ash. 

Dispatches of cement and clinker have been 
dealt with in greater detail in particular with reference 
to layout aspects in Chapters 34 to 38 of 
Section 6. 

15.10 Wagon Tipplers 
Wagon tipplers are necessary to handle large volumes 
in a limited time. They would be installed in cement 

plants to unload rake loads of coal, slag and clinker as 
mentioned above. Railways give limited time to unload 

rake loads which may bring in == 4000 tons of coal or 
slag or clinker at a time. 

15. 11 Import of coal 

Many Cement Companies now import coal. Trading 

Companies import coal anticipating demand from 
indigenous consumers . They would have created 
unloading, storing and loading facilities at ports for this 
purpose. 
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Coal so received will be sold to individual companies 
according to their needs and at times it is needed. 

Imported coal may be brought into plant by trucks 
or by rail and will be handled as they would handle 
indigenously procured coal. 

15.12 Handling Cement in Bulk Internally 
There is growing demand for cement in bulk in large 
consumer centers as it is cheaper and now there is no 

fear of adulteration. Therefore Cement Companies are 
creating facilities in big cities by constructing cement 
silos and supplying cement in bulk from there. 
See Plate 15.9. 

'Ready mix concrete' (RMC) is more and more in 
demand. Many Cement Companies themselves have 
entered into business of RMC. RMC also requires 
handling cement in bulk. 



CHAPTER 16 

16.1 Bulk Materials to be Handled in a Cement 
Plant 

In a cement plant, a great variety of materials is 
required to be handled in bulk and in large quantities. 

Starting with quarries, materials to be handled are : 

1. Over burden which is clayey soil with moisture, 
sticky and non abrasive. 

2. Uncrushed Limestone: 

With interstitial material, size varying from large 
boulders to dust; sometimes slabby, some times 
fragmented, moisture limited to 2-3 % for greater 
part of the year; free flowing when without 
clayey material. 

3. Crushed Limestone : 

-100 mm to -20 mm size, depending on mill used, 
free flowing when without interstitial clayey 
material and moisture less than 5 % 
generally non abrasive but sharp corners can 
damage belts. 

4. Correcting Materials - Clay, Sand and Bauxite: 
Lumps to fines; moisture 10-15 %; sticky, non
abrasive except for sand which because of silica 
can be abrasive; high moisture content causes 
problems of flow. Covered storage may be 
necessary if moisture is high all round the year. 

5. Raw Meal: 

Powdered, dry « 1 % moisture) free flowing, 
non abrasive can be fluidized; entrains air in the 
process. 

6. Clinker: 

Granular, less than 25 mm size, dry, hot 
(100- 140 DC), abrasive; large amount of fines 
would_be present. 
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7. Coal: 

(a) Uncrushed as received: Wet 8-15 % 
moisture; lumps -300 mm; not free flowing 
not abrasive. 

(b) Crushed: Wet; -50 to -20 mm depending 
on mill used; considerable amount of fine 
dust makes it sticky and difficult to flow in 
hoppers and bins. 

(c) Pulverized: Dry, free flowing when hot; if 
dew point temperature too close, can 
become sticky and difficult to flow; non 
abrasive - can be fluidized when moisture 
less than 2 %. 

Coal can catch fire in storage in hot months, 
particularly uncrushed coal. Even pulverized 
coal can catch fire. 

8. Gypsum: 

Wet, if natural, 8-10 % moisture, very wet 
(15-20 % moisture) if synthetic; natural gypsum 
would need crushing; synthetic gypsum is fine, 
non-abrasive, difficult to flow in hoppers / bins. 

9. Fly Ash: 

Very fine, requires drying if collected wet in 
power plant (moisture 10-15% ); dry, if collected 
dry - very dusty difficult to handle because of 
fineness, free flowing mildly abrasive. 

10. Slag: 

Granulated blast furnace slag, -6mm to dust; 
wet 10-15 % moisture; very abrasive, not free 
flowing; free flowing when dried. 

II. Cement: 

Very fine; free flowing, abrasive. 

12. Cement Bags. 



16.2 Selection of Machinery for Handling 
Various Materials 

Material handling systems are selected to suit materials 
and operating conditions and quantities to be handled. 
See Table 16.1. 

1. For Uncrushed Stone & Over burden : 

Shovels and dumpers are used as a combination 
almost invariably. Lead may be long or short. 
Sizes selected according to quantities be handled 
and fragmentation properties of stone. Bull 
dozers are used to level area and to shift 
overburden. 

2. For Crushed Stone: 

Possibilities are: 
(i) Belt Conveyor - From crusher to stacker 

reclaimer system. 
(ii) Overland belt conveyor - From crusher to 

stacker reclaimer if crusher is in quarries. 

(iii) Ropeway - if crusher is in quarries and 
terrain is difficult. 

(iv) Self tipping railway wagons and trucks. 
3. For clinker, 

suitable conveyors are: 
(i) Drag chain conveyor, 

(ii) deep bucket conveyor, 

(iii) when clinker is not hot, and clinker is to be 
transported over long distances, belt 
conveyors would be used. 

4. For coal 

For uncrushed and also crushed coal belt 
conveyors are the most commonly used 
conveyors. 

5. For slag 
For slag also belt conveyor would be the most 
suitable conveyor. 

16.3 Belt Conveyors 
It would thus be seen that for crushed and granular 
materials belt conveyors are very well suited. A cement 
plant may have several kilo meters of belt conveyors 
to handle the various materials mentioned above. 

Belt Conveyors have low power consumption and 
if maintained, have long life. Damage occurs at feeding 
points where sharp corners of stone hit belt when 
falling from crusher or from belt to belt. Closely spaced 
impact idlers are used to take impact of falling stone. 
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When belt conveyors are several kms long they 
would be covered to protect them and to prevent 
damage from wind, rain, etc. 

There have been considerable developments in 
design of belt conveyors and belting. 

(i) A troughed belt has a much higher capacity 
than a flat belt. Now 30° troughs are quite 
common as against 20° used earlier. 

(ii) High belt speeds of 2.0 mlsec and more are 
used as against speeds of ~ 1.0 mlesc of old. 
This has been possible because of use of nylon 
as construction material for belts. 

16.3.1 Capapcity and Size Belt Conveyor to be 
Installed 

Thus in case of existing belts, it is possible to increase 
the capacity of the same belt substantially by changing 
angle of trough and belt speeds. 

In case of long conveyors, it would be expensive to 
install a second conveyor along side when plant 
capacity is duplicated. The conveyor would therefore 
be sized from the beginning for expanded capacity. 

However, when the plant capacity is likely to be 
doubled even trebled, it would be essential to have a 
standby so that production is not interrupted to attend 
to belt maintenance / breakdown. Hence, at some 
stage the plant should consider installing a standby line. 
The same logic will also apply to belt conveyors of 
stacker reclaimer systems, such as : 

(i) use existing stacker and reclaimer after 
expansion, 

(ii) use existing stacker but add a second reclaimer 
during expansion, 

(iii) add both stacker and reclaimer during 
expansion. 

Capacities and sizes of belt conveyors can be 
selected accordingly. 

In extreme weather conditions, stock piles would 
be covered, at least partially, otherwise, they would be 
open. Belt conveyors would be covered to the extent 
possible. 

Belt conveyors are used to convey cement from 
cement mills to silos. There are designs where belts 
roll into a tube while conveying. This eliminates spllage 
and eliminates necessity to cover the belt. 
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6 screw conveyors 

7 bucket elevators 
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13 air lifts 

14 other pneumatic 
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Table 16.1 Materials handling systems in cement plants. 
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Plate 16.1 Belt conveyors. 

Belt conveyors are truly the work horse in cement 
plants. 
See Plate 16.1. 

16.4 Bucket Elevators 
Bucket elevators lift materials only vertically. They are 
suitable for granular free flowing materials and also 
for pulverized materials. 

Elevators are either central discharge or centrifugal 
discharge. 

They are either chain bucket or belt bucket 
elevators. Earlier elevators were limited to 30 meters 
height of centers. 

Today belt bucket elevators are designed for> 80 
metres height of centers and for high capacities. Their 
reliability has increased so much that they are used 
for the most rigorous of the application viz., feeding 
raw meal to preheater. A standby is necessary for this 
application. 
See Plate 16.2. 

16.5 Screw Conveyors 
Screw conveyors are used for pulverized and granular 
materials for short lengths. For long lengths they need 
intermediate hangar bearings. They are used to handle 
coal, cement and raw meal. 
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Plate 16.2 Bucket elevator. 
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16.6 Chain Conveyors 
They are also largely horizontal conveyors used for 
short distances particularly under dust collectors and 
for hot materials. 

16.7 Drag Chain Conveyors 
These are used almost exclusively to handle hot clinker 
discharged from grate coolers. They may be installed 
up to an inclination of 12 degrees. They are open trough 
conveyors. 

16.8 Deep Bucket Conveyors 
They are slow moving chain bucket conveyors which 
run horizontally and also at steep angles of inclination 

Plate 16.3 Deepbucketconveyo~ 

'. 

Plate 16.4 Pan conveyor. 

up to 40° to horizontal. They are almost exclusively 
used to handle hot clinker with temperatures as high 
as 200°C to take it from coolers to clinker storages. 
This application requires availability of 24 hours per 
day, months on end. A standby is most certainly 
necessary. 

Further interchangeability is desirable between two 
clinker storages. For this purpose pan conveyor would 
be used. 
See Plates 16.3 and 16.4. 

Pivoted pan conveyers were used for discharging 
clinker at more than one point like in case of G-Cooler 
or in silos. 
See Plate 16.6. 
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Trough 
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Height regulating gate 
Quick release door 
. Driving shaft (conveyor chain) 

t.....-__ Discharge table 
-+------ Discharqe chute 

Plate 16.5 Drag link chain feeder/conveyor. 

16.9 
The mechanical conveyors mentioned above were 

replaced in the sixties for such applications as 

conveying pulverized raw meal, coal and cement by 

pneumatic conveyors. However they have made a 

comeback with improved designs due to their low 

power consumption. 

16.10 Pneumatic Conveyors 
Principal among pneumatic conveyors that are mainly 

suitable to convey pulverized dry products in a cement 

plant are: 

1. Air slides 

See Plate 16.7. 

2. F.K.Pumps 

See Plate 16.8. 

3. Air Lifts 

See Plate 16.9. 

4. Dense / lean phase conveying systems 

See Plate 16.10. 

16.10.1 
Pulverized raw meal is conveyed in three stages. 

(i) From raw mill to storage (Blending) silo, 
(ii) From blending silo to metering device / kiln feed, 
(iii) From kiln feed to preheater. 

For (i) above, 'air lifts' are used, which lift material 
directly vertically into a blending silo. A system of air 
slides in raw mill department collects finished product 
and brings it to a point where air lift would be installed. 

In the mill system itself, bucket elevator would be 
used to lift null discharge to separator. These are large 
elevators as mills have large circulating loads. 

For (ii) above, a system of air slides and bucket 
elevator would be used. 

For (iii) above, till now air lift was the most common. 
But to minimize power consumption, bucket elevators 
are used even for 6 stage preheaters and also because 
conveying air introduced false air in the system. 

If kiln exhaust gas volume is 1.5 nm3/kg, the exhaust 
gas to be handled by preheater fan would be 1.6 nm3/kg, 
for air lift and 1.55 nm3/kg for PS Pump; increases of 
6 and 3 % respectively. 
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Plate 16.7 Air slides for conveying , diverting and dividing flows. 
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Plate 16.8 Fuller kinyon pump M type. 

6 

1----1--

Plate 16.9 Air lift pump. 

1 Pressure vessel 
2 Conveying nozzle 
3 Fluidized floor 
4 Discharge pipe 
5 Material inlet 
6 Material outlet 
7 Conveying air inlet 
8 Air chamber 

rn--- 3 
--11'---8 



Plate 16.10 

Material Feed • Material Conveying • Air Supply 

Typical MODU-DENSE cycle, maintaining a 
constant discharge line pressure. 

Compressor 
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Vent Filter 

.. "'I _____ ~ To Process 

Single Tank System 

Top Discharge MODU-DENSE Conveying System 

Dense phase conveying system arragement and action . 
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16.10.2 Features of Pneumatic Conveying Systems 
Principal advantage of pneumatic conveyors is that 
they could change direction. Air slides carry materials 
only down stream. 

Others carry vertically and horizontally. They are 
flexible and dust free. Conveying air can be dedusted 
in bag filters. 

They were very popular in the sixties to eighties to 
convey raw meal, pulverized coal, and cement. Today 
their use is limited to air slides and dense Ilean phase 
conveying systems to convey pulverized coal for firing 
it in kilns and calciners. 

Air lifts were almost exclusively used till recently 
for kiln feed. They have been replaced by bucket 
elevator on account of power. 

This has been possible owning to developments of 
chains and belting of superior quality. They have made 
elevators of 100 metre height in single lengths possible. 
Sometimes elevators are used in tandem to reach the 
required heights. 

An elevator would be much more expensive than 
an air lift and its compressor for air supply. But it is 
now universally adopted to save power. 

A standby system should be installed else kiln 
production could come to a stop. The standby would 
be an 'air lift' . 

The only area where pneumatic conveying would 
be continued to be used would be: firing coal in kiln 
and calciner. 

Even here with multi channel burners, quantum of 
primary air is now less than 12 % compared to 
15-20% of the past. 

Out of the total primary air, only 2.5-3 % would be 
used to convey coal dust into the burner. It will be 
mixed with clean (some times preheated) primary air .• 
in the burner. ' 

In calciners, coal is conveyed pneumatically into 
the calciner, via two or more burners. There are 
calciners which can bum coarse (grits) fuel. In these 
cases, coal is fed into the calciner through a chute. 

16.10.3 Power Consumption in Pneumatic 
Systems 

Impact of pneumatic conveying on specific power 
consumption per ton of cement could be seen. 

Assume for convenience that the same pneumatic 
conveying system is used for different applications listed 
below and that it required 1 kwh I ton of material 
conveyed. 

(i) Raw meal conversion ratio 

1.55 : 1 on consumption. 

1.65 : 1 on Kiln feed 

(ii) coal consumption 16 %. 

(iii) gypsum added 4 %. 

Power consumption converted into kwh I ton of 
cement would be as shown in Table 16.2. 

Thus impact of conveying coal pneumatically is 
1I10th of that of conveying raw meal. 

16.11 Feeders 
All feeders are conveyors of one type or the other 
wit~ an added feature of a variable speed drive so that 
the rate of feed can be regulated to suit operational 
requirements. 

Rate of feed can also be changed in some cases 
mechanically by: 

1. Changing stroke in reciprocating feeder and in 
grate cooler. 

2. Changing gear ratio between motor and the 
driven machine through a chain drive, or a belt 
drive. 

Table 16.2 

Sr.No. Section 
Power consumption Per ton of Cement 
per ton of material 

1 Raw Mill 1 Unit 1.55/1.04 : 1 1.49 
2 Kiln Feed 1 Unit 1.65/1 .04 1.59 
3 Coal 1 Unit 0.16/1.04 0.15 
4 Cement 1 Unit 1.0 1 



However such a change requires stoppage of the 
plant to change chain sprockets, gears, and belt pulleys 
and belts. This option is thus not very suitable when 
speeds are to be changed frequently. 

Now change of speed is obtained almost always 
by using variable speed motors. Variable speed motors 
can be A.c. or D.C. 

The type of drive to be selected would depend on: 
(i) Application. 
(ii) Ratio of speed variation required. 
(iii) Whether speed changes could be stepped or 

continuous. 

(iv) Frequency of changing and intervals between 
changes. 

(v) Remote operation. 

In the present context of automation, remote control 
and operation would be a must for all options. 

16.12 Type of Feeders 
Feeders like conveyors are selected to suit materials 
being conveyed. As seen earlier materials range in size 
from boulders to pulverized very fine materials like 
cement and ash. 

16.12.1 
Most commonly used feeders in cement plants are: 

(A) For boulders of uncrushed limestone and 
coal 

Apron feeders. 
Reciprocating feeders. 
Wobbler feeders. 
See Figs. 2.1 and 2.2 in Chapter 2. 

(B) For crushed and granular materials like 
crushed stone, crushed coaL clinker slag and 
correcting materials: 
Reciprocating feeders. 
Vibro feeders. 
Belt feeders. 

Weigh feeders. 
(C) For pulveri;::,ed materials like raw meal, 

pulverized coal, cement and flyash : 
Weigh feeders. 
Solids flow meters. 
Screw feeders. 
Rotary vane feeders. 
Flow Control gates. 
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16.12.2 Feeders for Crushers 
They are required to handle large boulders -600 x 

600; 800 x 800 and 1000 x 1000 mm in size depending 
on size of shovel. Commonly used types are: 

(i) Wobblers feeders when clayey material is to 
be scraped otf stone before feeding crusher. 

(ii) Reciprocating feeder. 

(iii) Apron feeder. 

Out of these. apron feeders. though expensive are 
preferred because they prevent stone from rushing into 
crusher mouth because of their upwards inclination. 

Indirectly they also reduce the depth of pit for 
conveyor underneath the crusher. 

This is of particular importance when underground 
water table is high. 

For small plants Reciprocating Feeders are 

common. They are installed sloping downward and 
hence are more suitable for stone received from 
manual mining. Stone pieces tend to rush into crusher 
and jam it. 

Wobbler feeders are installed horizontally. Stone 
moves over a series of rotating shafts with elliptical 
projections. Clayey material adhering to stone gets 
scraped and clean stone enters crusher. 

Of necessity the feeders for crusher need to be of 
rugged construction capable of withstanding impact 
of falling boulders. 

They need to have variable speed drive to change 
rates of feed. 

16.13 Feeders for Grinding Mills 

For raw mills 

They handle crushed lumpy materials like limestone 
and clay and iron ore. Clay and iron ore are wet and 
are not free flowing. Feed size for ball mills would be 
-25 mms and for vertical mills -75 mms. 

Table feeders and Belt feeders directly installed 
under the hoppers are most commonly used feeders. 

For coal mills 

They handle wet crushed coal-25 mm for ball mills 
and -50 mms for vertical mills. 
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Table feeders and belt feeders and drag link feeders 
are commonly used feeders 
See Plate 16.5. 

For Cement mills 

They handle granular clinker -25 mm in size, wet 
natural gypsum-crushed also to -25 mm or very wet 
fine synthetic gypsum; also dried slag. 

Table feeders and belt feeders are the most 
common feeders. 

16.13.1 Drives for Feeders 
Feeders for grinding mills also need variable speed 
drives to change rates of feed but in case of raw and 
cement mills it should also be possible to maintain or 
change proportions of material ratios of limestone/ 
clay/iron ore in case of raw mills; and ratios of clinker/ 
slag/gypsum in case of cement mills .. 

Individual feeders would be selected so that 
changes both in proportioning and in feed rates could 
be coped with. A margin of 20 % on design capacity 
would be added as explained earlier. 

It is preferable to choose slow moving feeder 
conveyors, which would be belt conveyors. This would 
result in wider belts and hence first costs would be high. 

Feeders are selected also on basis of accuracy in 
terms of changes in feed rate and in rate of feed. 
Accuracy should be high for the entire range of speed 
variation. 

Feeders for mills will be directly installed under 
hoppers with rod gate in between. The feeders are 
generally 2 to 3 m long and discharge on to a common 
conveyor which will take feed to mill. 

Feeders for mills meter feed rates and also totalize 
tons fed. 

16.13.2 Prefeeders 
Feeders used for metering raw meal feed to kiln and 
coal firing in kiln and calciners are used in conjunction 
with 'prefeeders'. The two act as a pair. ' 
See Figs 7.2 to 7.6 in Chapter 7. 

Prefeeders feed the feeder at prt~etermined rates; 
feeders weigh/ metf!r the rate and any variations 
detected are corrected by changing speeds of 
prefeeders. Rates of feed corresponding to different 
outputs are taken care of by running feeder faster or 
slower. 

Accuracy of weigh feeders is ± I % and that of 
solids flow meters ± 2%. 

16.13.3 Metering on Feeders 
'Metering' can be direct or indirect. Indirect metering 
arrives at quantity fed or rate of feed by measurement 
of cross section of material and rate at which it flows 
and taking into account bulk density of material. 

By totalling number of revolutions in the period tons 
fed in that period are found. 

Indirect method is suitable for crushed / granular 
materials flowing out of silos / hoppers without aeration. 

Where material is aerated like raw meal, bulk 
density fluctuations can be continuous and wide. 
Therefore this indirect method of metering is not so 
suitable for them. 

A long, slow moving belt helps in 'de aeration' of 
the raw meal. 

Another indirect method is to measure the impact 
of flowing material on a curved plate. This impact is 
through a given height of fall and hence is in a way 
independent of bulk density. But if particles tend to 
agglomerate, or tend to stick together the readings 
are vitiated. 

It is mostly for dry free flowing powdered material 
like raw meal. Such indirect meters are called 'solids 
flow meters'. 
See Plate 7.2 in Chapter 7. 

The direct method 9f course consists of weighing 
the I11ateral passing over a load c~ll and thus directly 

. measuring rate of flow in kg or tIhr. 

Direct system consists of weigh feeder and irs pre
feeder. 

16.13.4 Indirect Metering Systems 
Indirect system is volumetric using volum~ as 
measurement like rotary vane feeders or screw feeders 
with close tolerances and variable speed drives; like 
disc feeders which also work on similar principle. 

The 'loss in weight system' fills up a hopper above 
the feeder in a very short time and the rate of its 
emptying is monitored to arrive at the rate of flow. 
This system, requires beside quick mass filling of a 
hopper on load cell but also a computer to monitor the 
rate of emptying. This makes it an expensive system. 
See Plate 7.5 in Chapter 7. 



Metering of both raw meal feed to kiln and coal 
fired in kiln and calciner are both crucial measurements 
and enough care in selecting feeders must be taken. 
One measurement indicates the kiln output the other 
coal consumption and hence specific fuel consumption. 

16.13.5 Calibration and Drop Test Facilities 
In large plants (in some old plants also) there is 
provision to measure clinker produced. Batch weighing 
facilities are provided for weighing clinker produced, 
by 'drop tests'. 

Weigh feeders therefore generally come with self
calibration devices. These must be included in the order 
for weigh feeders. 

A simple way of 'self-calibration' is to have the bin 
the above the feeder fitted with load cells. It is filled 
up and time taken to empty it can be measured at any 
given setting thereof (speed of feeder). 

16.14 Ropeways 
Shovels and Dumpers have been dealt with in Chapter 1 
on quarrying operations. Various other conveyors have 
been dealt with in above paragraphs. Ropeways have 
been mentioned as being suitable for conveying crushed 
material. However they need special mention. 

Ropeways have been used to carry crushed and 
granular materials like crushed limestone, coal, sand 
and ores. 

They have been particularly useful when terrain 
was difficult and was not easily negotiable by road or 
rail. 

Ropeways several kilometer long have been in use 
for decades to carry coal from collieries to rail heads. 
Many a cement plant has its mines in forest and hilly 
areas. Factory cannot be located there. Stone is then 
brought by ropeway to the plant. 

Ropeways are also useful when it becomes 
necessary to cross rivers or intervening hills. 

As the name suggests a ropeway consists of a pair 
of ropes strung between trestles. Buckets filled with 
material run over them. In bi-cable ropeways which 
are more common for heavy duty, there are carrying 
ropes and also a hauling rope to which buckets are 
attached, and which pulls buckets over the carrying 
ropes. Hauling cable is a closed loop. Buckets are 
clamped to it at loading station and are detached at 
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unloading stations. It is pulled by an electric drive that 
may have facility to generate power. One of the 
carrying cables carries loaded buckets and the other 
empties. 

Advantages of a ropeway is that mines and plant 
are connected without requiring heavy investment in 
acquiring land, construction of road or railway, bridges 
and culverts. 

Ropeway trestles can be constructed at suitable 
spacing and cost thereof would be much less than that 
of a continuous road or railway. Land required for 
trestle footings would be minimum. 

Since contours are not a problem, a ropeway would 
be the shortest distance between the two points. 

Power required by a ropeway is small. Power can 
be regenerated while ropeway is running taking 
advantage of downwards stretches. 

Ropeways can be wholly automated requiring 
minimum manpower. 

Principal disadvantage of a ropeway is that its 
capacity cannot be increased substantially. 

Thus if plant capacity is likely to be doubled, it is 
necessary to install a ropeway of higher capacity from 
the beginning. 

Present cement plants of + I mtpa capacity would 
require a ropeway of ::: 600 tph capacity for the first 
phase itself. Ropeways of such large capacities have 
not been installed / developed. 

This has been primarily because of development 
of overland conveyors which follow the contour of the 
terrain. Such conveyors can carry material for long 
lengths running into several kilometers. Change of 
direction is possible by installing two or more shorter 
belts 

Overland conveyors cannot go over hills. In such 
situations it has been possible to dig tunnels in the hills 
and install conveyors in it 

Maintenance costs of ropeway increase with years. 
Ropes- carrying and hauling need to be replaced. 
Buckets need to be repaired. In comparison, 
maintenance costs of overland conveyor remain at a 
lower level. It is true that belt is required to be taken 
care off at points of feed. 

Most new plants elect to install overland conveyor 
in preference to ropeway. 



CHAPTER 17 

17.1 Fans 
Fans come next to grinding mills in consumption of 
electric power in a cement plant.. 

There are two basic types of fans. They are axial 
flow fans and centrifugal fans. 

In axial flow fans, inlets and outlets are in the same 
direction. These fans are mainly used for applications 
which require small pressures and large volumes. 

Centrifugal fans are the most commonly found fans. 
The capacity range is very wide -from less than 100 
m3/min to several thousand m3/min. They can develop 
pressures as high as 1000 mmwg. 

In cement plants axial fans are used for cooling 
kiln shell in the burning zone. They are also used in air 
to gas/air heat exchangers to cool hot vent gases for 
further treatment in bag filters. 

In Centrifugal fans air /gas enters the impeller at 
center and leaves from the periphery. Pressure build 
up is due to involute shape of casing. 

17.2 Impellers and Construction of Fans 
Impellers are designed to suit duty requirements. There 
are three principal types of impellers. 

1. Radial bladed, 
2. backward curved bladed, 

3. forward curved bladed. 

Of these radial bladed are suitable for handling dust 
laden gases, but their efficiency is low. 

Backward curved bladed impellers have 'limit load' 
characteristic and hence are preferred to forward 
curved bladed fans. 

Construction of fans varies with its size. In small 
fans, impeller would be mounted on motor shaft. In 
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larger fans it could be of overhung type. In very large 
fans it will be supported on both sides. 

Entry could be single or double depending on the 
capacity. Bed plate could be common to hold motor 
and fan or separate. 

Drive could be direct or through 'v - belts' or some 
times even through a gear box. Many applications in a 
cement plant require variable speed drive. 

When fans are required to handle dust laden gases 
impellers and casing could be subject to wear and may 
have to be lined with wear resistant liners. 

In such a situation fans would be subject to 
vibrations and may have to be mounted on vibration 
dampening pads. 

Thus there is a great variety in constructional 
features of fans. 

The most important consideration in selection would 
be the operating efficiency. Radial bladed fans have 
efficiencies of 45-55 %. Therefore presently mostly 
backward curved bladed fans would be selected as 
their efficiencies range between 70-80 %. 

17.3 
In cement plants fans are used for handling: 

1. Process Gases: In kiln, cooler, preheater, 
calciner and in grinding systems for drying and 
venting. 

2. Dedusting & Venting: During material 
handling, during filling of silos, etc., air gets 
displaced. Displaced air carries dust with it. Bag 
filters are used to dedust air. Fans are used to 
draw air to be vented through the system. 



These are more or less well defined applications 
and for each application fans will differ only in capacity. 

For example, when plant has a 6 stage preheater, 
preheater fan will be required to handle gases at 
~ 270°C and with a dust burden of ~ 70 gms /nm\ 
static pressure would be - 450 mm for a pre heater 
kiln and ~ 550 mm for a calciner kiln regardless of the 
capacity. 

Similarly cooling air fans for grate coolers would 
be handling ambient air; pressures developed would 
depend on the thickness of clinker and temperature 
of clinker depending on its location. 

17.4 Dedusting 
Volume of gases to be handled depends on the sizes 
and capacities of various machines in the system to be 
dedusted. 

For example: volume to be vented from an elevator 
would depend on the size of its casing (hence capacity) 
and its height. For more than 20 metre height, elevator 
would have to be vented at top and bottom - both. 

In long air slides, air is admitted in air trough at 
more than one point and vented also from more than 
one point. 

Powdered materials like raw meal, coal, cement 
can be conveyed pneumatically, using PS pumps, Fluxo 
Pumps, Air lifts, Airveyor Airstream and other dense / 
lean phase conveying systems. 

Conveying air is to be vented after material is 
discharged in silos, bins, etc., after passing through 
cyclones / bag filters. 

Depending on distance to be conveyed and type of 
system to be used for the purpose, fans, blowers or 
compressors would be required to be used. 

Coal is fired into kiln and calciner through fan / 
blower / screw pumps. 

17.5 Process Gases 
1. Fuel is fired in kiln and calciner resulting in 

combustion. 
2. In Kiln and Preheater and caiciner, CO2 is 

dissociated. 
3. In Cooler - Cooling air is introduced to cool 

clinker and to supply heated secondary and 
tertiary air to kiln and caiciner for combustion. 
Fans are used to draw gases through these 
systems. 

Quantum of gases depends on: 

(i) Capacity, 

(ii) fuel Consumption, 

(iii) moisture content, 
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(iv) temperature to which clinker is to be cooled. 

Flow of gases in these systems (kiln, preheater, 
calciner and bed of clinker in cooler) and in ductings 
causes loss of pressure which depends on: 

(i) Volume, 

(ii) velocity of gases, 

(iii) length of traveL 

(iv) dust content, 

(v) density and temperature, 

(vi) resistance offered by the system. 

For example, greater the thickness of bed of clinker, 
greater the pressure drop. 

Pressure drop in preheater is a function of design 
of cyclones and number of stages of the prehrater in 
addition to other factors mentioned above. 

17.6 Fan Power 
Fans have thus a very important part to play and power 
consumption due to fans is next only to grinding mills; 
their proper selection is therefore very important. 

17.7 Capacities and Specifications of Fans 
Like conveying and feeding systems, fans should never 
become bottlenecks in achieving production and should 
therefore be designed with sufficient margin both in 
terms of pressure and volume. 

According to 'fans laws', volume drawn by a fan 
is inversely proportional to pressure drop or resistance 
in the system. 

The relation between volume and pressure is shown 
by 'fan curves', which are characteristic of type of 
impeller used. A 'fan curve' is typical of a family of 
fans. 

A series of fan curves are constructed for different 
speeds and damper settings for a given fan. 

The operating point of a fan is the crossing of fan 
and system resistance curves. 
See Fig. 17.1. 
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Pressure drop in a system depends on 'velocity 
pressure' which in tum is proportional to square of 
velocity and to density of gases. 

Thus in the same system of ducting or cyclones, if 
the flow increases 10%, pressure drop would increase 
by (1.1)2 = 1.2 times, other things remaining same. 

Therefore when providing margin on capacity i.e., 
volume (which is directly proportional to production 
rate - other things remaining same), it is also necessary 
to provide adequate margin in the static pressure of 
fan. 

17.7.1 Fan Curves and Operating point 
For a given fan, operating point would shift from PI to 
P2 (fan operates at crossing point of fan curve and 
system resistance curve) 
See Fig. 17.1. 

Therefore to increase output from VI to V2, the 
fan should be capable of developing static pressure 
P2, to be able to pass vol. V2 through the system. 

Ratio (P21Pl) = (V2N1)2 

f 
E 
E 

In practice this is achieved by changing the speed 
of the fan. 

Again as per fan laws, 

V is proportional to N - speed of fan 

P is proportional to N2 

And power drawn is proportional to N3 

It is however advisable not to keep too much margin 
above the design operating point because fan efficiency 
is different at different operating points. 

U sing damper to control volume / resistance causes 
high loss of power and power consumption measured 
in units / ton increases. 
See Fig. 17.2. 

It is better to control by changing speed. 
See Fig. 17.3. 

Therefore for all these reasons a margin of only 
about 10-15% is provided in volume over and above 
worse operating conditions at design capacity. Square 
of this margin is allowed for in the static pressure. 
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17.8 Fans in Grinding Systems 
For fans used in grinding systems, type of mill used is 
an important consideration. 

In bucket elevator mills with conventional air 
separators, material is discharged through the mill and 
is lifted by air slides and elevator to separator for 
further processing i.e., classification. Hence fans used 
with system are not required to be designed for high 
static pressures. 

In air swept mills, ball or roller mills, the entire 
product is lifted out of the mill by air. Thus the pressure 
drop in mill, ducting and separator together is very high. 

Bag filter/ esp may be installed before or after the 
fan. If before the fan, pressure drop across bag filter / 
esp has also to be allowed for. 

In air swept mills it is important to maintain a 
minimum ratio of weight of air to weight of material. 

For example in ball mills, 1.5 kg of air is required to 
lift 1 kg of product or 1.2 nm3/kg. In vertical mills it is 
=: 1.6 nm3/kg. 

Moisture in the material to be ground and dried also 
decides volume of hot gases to be drawn in and volume 
of gases leaving. 

When quantum of water to be dried is low it may 
be necessary to recirculate part of exhaust gases to 
meet requirements of air sweeping mentioned above. 

In sizing the fan therefore this situation would have 
to be taken into account. 

Once the operating condition for which fan is to be 
designed is decided, margins for fixing capacity of fan 
could be taken as before. 

17.9 High Efficiency Separators 
In ball mill systems using high efficiency separators, 
large volumes of air are passed through air separators. 
Pressure drop in air separators are high as much as 
200-300 mmwg. This is to be taken into account in 
working out static pressure of fan in the system. 
Pressure drop in dust collector =: 150-200 mm if bag 
type should be included when fan is after the dust filter. 

In vertical mills, separators are housed in the mill 
itself. Pressure drop across the mill is thus inclusive of 
that in separator. Pressure drop across vertical mill is 
also affected if the mill has an external circuit. 

Dust load in gases leaving mill can be very high 
=: 600 gms/nm3. 

If a cyclone is introduced in the system fan will 
have to handle =: 60 gms/nm3 dust load. If fan is after 
the bag filter, then it will handle clean air. 

17.10Dust Content of Gases Handled by Fans 
It is important to specify dust content of gases handled 
by fans. It is commonly expressed as gm/nm3. 

Characteristic of dust, whether abrasive should also 
be mentioned. 

In preheater circuit, dust burden would be about 
70 gms / nm3. 

In mill systems it could be between 200 to even 
600 gm / nm3 depending on whether fan is before or 
after the dust collector. 

17.11 Cooling Air Fans for Grate Cooler 
In grate coolers, cooling air is forced through bed of 
clinker thicker the bed, higher the pressure drop. 

To draw out maximum heat from clinker, thicker 
beds are used. 

In reciprocating grate cooler, clinker beds vary from 
600 mm in 1 sl grate to 400 mm in 2nd Grate and 300mm 
in 3rd grate. 

Under static grates, bed thicknesses are between 
800 to 1000 mm. 

Fans have to be designed to force the designed 
quantity of cooling air through these beds progressively 
to achieve the desired clinker temperature at 
discharge. 

Cooler is divided into a number of compartments 
so that there is not too much difference between 
condition at the beginning and at the end of the 
compartment. It also helps passing through required 
quantity of cooling air where it helps most. Each 
compartment has with own fan for this purpose 

Supplier of the cooler will recommend the fans to 
be used. 

17.12 Cooler Vent Air 
Air admitted into cooler is used as secondary and 
tertiary air into kiln and calciner. Two together are 
directly related to specific fuel consumption. Balance 
quantity is vented. Vent air fans are sized on this basis. 

Under upset conditions, kiln and cooler system is 
required to handle under burnt clinker at a much higher 



rate- generally taken as 30 % over the normal rate. It 
results in cooling air measured in nm3/kg getting 
reduced correspondingly. 

Clinker is discharged at high temperatures and vent 
temperatures also rise considerably. Therefore vent 
fan is to be designed for upset conditions. This is a 
special requirement of vent air fan. 

By running a heat balance, temperature of clinker 
at outlet end and temperature of vent air can be 
calculated. 

Vent air fan is used to control flow of combustion 
air into kiln and calciner on a continuous basis. 
Therefore it is an advantage if it has a variable speed 
drive. 

17.13 Fans for Venting 
A great majority of fans are used in various departments 
for venting dust laden gases through dust collectors. 
Principle of sizing these fans are the same as outlined 
above. 

Total quantity of air to be vented from the system 
is established; maximum system resistance is worked 
out; to it is added pressure drop in the dust collector to 
arrive at static pressure of fan. 

Margins on capacity and pressure will be added as 
explained. 
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3. Radial. 

If used only for this purpose, the loss in the damper 
itself is immaterial. They will be capable of remote 
operation. 

As mentioned earlier, dampers can be used to 
regulate flow in the system but this method wastes 
energy. See Fig. 17.2. However if a damper must 
remain in circuit during operation, it must be so selected 
that there would be minimum loss of pressure in the 
damper itself. From this point, louvre and radial bladed 
dampers are better than butterfly dampers. 

Effectiveness of a damper to regulate depends on 
its design: Louvre dampers can be effective for a much 
wider range of regulation than butterfly dampers. 

A 

Fig. 17.4 

II 
() 

Louvre Damper at A closed to start fan 

on no load 

Fans started on no load. 

D 
17.14 Primary Air Fan 2 

This is a special application for conveying coal for firing 
into kiln. 

These are low volume high static pressure fans . 
When ambient air is used as primary air, they would 
be handling clean air at ambient temperatures. When 
however, primary is drawn from cooler, it would be at 
about 300°C and would carry abrasive clinker dust. 
In such cases a cyclone will first clean the air before 
it enters the fan. Even then dust burden could be as 
high as 750 to 1000 mgms / nm3. Impellers of such 
fans would be lined with special wear resistant 
materials. 

17.15 Dampers 
Fans are normally started on no load. Dampers are 
used to isolate fans for this purpose. They can be: 

1. Butterfly. 
2. Louvre. 

A 

Fig. 17.5 

® 
A 

Fig. 17.6 

Damper at B,C,& D are used for flow control ; 

mostly louvre type for minimising losses. 

C) 
Radial vane damper at fan inlet - taking 

ambient air for cooling air fans 

Dampers for fans. 
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See Figs 17.4 to 17.6. 

Dampers are sometimes used to isolate bag filters 
and electrostatic separators from the circuit. For this 
application dampers need to be gas tight. 
See Plate 17.4. 

17.16 
It will be thus seen that fans are used in almost all 
departments of the cement plant. 

They vary in size from a few hundred m3/min to 
tens of thousands of m3/min. Static pressure also varies 
from 100 mmwg for axial fans for cooling of kiln shell 
to + 1000 mmwg for primary air fans. 

Speeds at which fans run depends on pressure that 
they need to develop. Fans handling hot air need to be 

Plate 17.1 Fan - general arrangement. 

run much faster as compared to fans handling ambient 
air. 

Fans should be balanced statically as well as 
dynamically to avoid vibrations in running. 

17.17 Constructional and Mounting Features 
and Drives 

Plate 17.1 shows typical assembly of a fan. 

Plate 17.2 shows fans with different orientations 
of inlets and outlets, mounting arrangements of fans 
and also different orientations of inlet and outlets to 
suit layouts. 

Plate 17.3 shows different constructions and 
mountings of fans. 

Figs 17.7 and 17.8 show typical fan and its drive 
and typical arrangements of inlet and outlet ducts. 
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Plate 17.2 Fans - different orientations of inlet and outlet. 
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Plate 17.3 Fans - different constructions and mountings. 
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Fig. 17.7 

(a) Forsmall fan mounted on motor shaft 

(b) Fans mounted on shaft supported on bearings & 
coupled to motor impeller overhung on shaft ; 
Preheater fan with overhung impeller 

Preheater fans with overhung impeller. 
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4 

2 

Inlet connection of a fan 

9 

Outlet connection of a fan 

Fig. 17.8 Typical arrangements of inlet and oulet ducts. 

1 Down comer duct 
2 Preheater fan 
3 Motor 
4 Outlet 
5 Expansion joint at inlet 
6 Support for inlet duct 
7 Expansion joint on delivery side 
8 Support for expansion joint 
9 Chimney 



CHAPTER 18 

18.1 Compressors and Blowers in a 
Cement Plant 

A Cement plant uses compressors and blowers for: 

1. Blending and Aeration in silos / bins. 

2. Pneumatic Conveying. 

3. Drilling by wagon drills in quarries. 

Application of drilling holes in mines for blasting 
has already been dealt with in Chapter 1. 
See Fig. 18.4. 

18.2 Types of Compressors 
Compressors can be Rotary or Reciprocating. 

In rotary compressors an eccentric rotor turns in a 
circular casing. Compressed air is delivered at a 
uniform pressure. 

In conventional reciprocating compressors, lout 
of 4 strokes in a cycle is a pressure stroke. Therefore 
pressure fluctuates. Installing an air receiver after the 
compressor dampens fluctuations. Reciprocating 
compressors are therefore not suited for applications 
which require a steady and uniform pressure like 
conveying by F.K. Pumps. 

To overcome the disadvantage 'opposed piston' 
reciprocating compressors were developed. They had 
two pressures strokes in a cycle. 

Reciprocating compressors are generally suited for 
large volumes at high pressures. 
See Plate 18.3. 

Screw compressors 

Screw compressors are used mostly for portable 
compressors used in mines for drilling holes where 
pressures required to be developed are high. 
See Plate 18.4. 
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18.3 Blowers 
Blowers have come to mean Roots blowers with 
mostly two elliptically shaped Rotors rotating in an 
oblong casing. There are also blowers with three lobes. 
Roots blowers can be multi stage also to build up high 
pressures; but normally in single stage they would 
supply compressed air up to 2 kg/cm2. Roots blowers 
supply air free from water and oil. 
See Plate 18.1. 
See Plate 18.2. 

As a matter of fact centrifugal fans are also used 
as blowers in cases where air pressures do not exceed 
~ 1000 nmwg as in case of primary air fans. 

Choice of compressor or blower depends on specific 
application. 

18.4 Application of Blending and Aeration 
In blending operation, material in the silo is fluidized. 
In a 'batch blending' operation, differential is created 
in densities within the silo resulting in vertical 
movement of raw meal within it. It therefore requires 
vertical movement of raw meal within it. It therefore 
requires low pressure, high volume compressors for 
aeration and high pressure, low volume compressors 
for blending. Pressure of blending compressor must 
be high enough to force blending air through the height 
of raw meal. 

There are many variations of basic 'quadrant' air 
merge blending systems. Suppliers will furnish 
specifications of the compressors or blowers to be 
provided. 

Blending and aeration cycles will be automated. 
Timing and frequency of cycles could be variable. 
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Plate 18.1 Twin lobe roots blower. 

Plate 18.2 Three lobe roots blower. 
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Plate 18.3 Opposed piston reciprocating compressor. 

Plate 18.4 Screw compressor. 
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In 'continuous blending' blending air admitted should 
break the of layers of raw meal within the large 
diameter blending silo. Another blower is used to 

promote flow of blended raw meal out of the silo. 

Because of the large diameter of the silo, aeration 

may be done section wise and cyclically. This also 

reduces capacity of compressors / blowers to be 
installed. Suppliers will furnish specifications for blower / 

compressors. 

18.4.1 Aeration for Extraction 
Silos holding raw meal and cement also need 'aeration' 
to promote flow of material. 

Quantum of air admitted is directly related to the 
area of silo so fitted with aerating media. Open air 
slides in bins and silos used to fluidize raw meal/cement 
etc., require air to be supplied at 0.3-0.5 kg/cm2 pressure. 

Hence fan type blowers used for closed air slides are 
not suitable for open air slides which also support head 
of material in silo or bin. 

18.4.2 Quality of Air 
Air to be supplied to the silos for blending and aeration 
had to be free of oil and water. Pressures required 
ranged between 1 to 3 kg/cm2. Steady pressure was 

desirable. Rotary compressors were suitable. But air 
delivered contained oil and had to be filtered by 

installing oil and water filters. Rec'iprocating 
compressors were not suitable because of fluctuation 

of pressure for this application. Roots blo~ers have 
been found to be best suited for this appli~ation. 

18.5 Compressed Air for Pneumatic Conveying 

1. F.K.Pumps 

In this system, fast running screws drop 

compressed slugs of material in an air chamber 
which receives conveying air injets and material 
is conveyed through pipe line to silo, preheater 

etc. FK Pump systems are used to convey raw 

meal, coal and cement vertically and hOIjzontally 
over long distances. 

Layout of pipe line, its total length and 
number of bends etc., determine quantum of 

conveying air and its pressure. It is also 

dependent on density and fineness of material 
being conveyed. 

F.K. Pumps are low quantity high pressure 

systems. Its principal disadvantage is that 

it requires two drives - one for screw and one 

for compressor. This application required 

dedicated compressor - preferably rotary 

installed close to the pump delivering air at 

uniform pressure. 

However mostly' opposed piston' 

reciprocating compressors are used. 

2. Air lifts 

In air lifts, material is lifted only vertically 

upwards and hence air lift vessels are located 

right at the foot of the silo or preheater tower. 

They require almost twice the quantity of air as 

F.K. pumps but at lower pressures. They were 

the most favoured system for kiln feed i.e., for 

introducing raw meal into preheaters; and for 

lifting raw meal and cement into their respective 
silos. 

Quantity of air and its pressure is related to 

the 'lift' , size of conveying pipe line among other 

things. Roots blowers are suitable for this 

application also. 

3. Lean phase conveying systems 

In these systems material to be conveyed is 

introduced into the pipe line with the help of 

venturies or ejectors; Roots blowers are suitable. 

4. Fluxos 

In this system usualiy_ there are two tanks. While 
one is being filled, the other is being emptied. 

This system is useful for transporting material 

pneumatically over long distances. Air at high 

pressure of ~ 7 kg/cm2 is required. Reciprocating 

compressors are suitable. 

18.6 Compressors for Bag filters 
Compressors are also required for cleaning dust 

collector bags. Pressure is ~ 7.kglcm2 but quantities 

are very small only 1-2% of aiivolume handled by the 



bag filter. It is best to install these compressors close 

to the bag filters they serve. 

There is a temptation to use a common large 

capacity compressor to supply air to a group of bag 

filters. There is a possibility however, that a particular 

bag filter would not receive the cleaning air when 

required in correct quantity and correct period because 

the air supply is already going to another dust collector. 

Therefore this should be avoided. 

18.7 Air Blasters for Preheaters 
Compressors are also used for 'air blasters' used in 

preheater system to clear blockages due to collections 

of material in cyclones and ducts. These compressors 

I working, 1 standby should preferably be installed in 

the preheater building and should be dedicated. 

Capacity of such a compressor should be arrived at in 

consultation with suppliers of air blasters. 

Air blasters can be used on 'as and when required' 

basis - if blocks are occasional. Else they can be used 

at set intervals on a regular basis. 

18.8 Housing Compressors Centrally in a 
Central 'Compressor House' 

In the early days it was not difficult to do it because all 

mills, raw and cement used to be installed side by side. 

However, this is no longer the case and mills are often 

installed far apart. 

Even then, cement plant manufacturers prefer to 

locate compressors and blowers together under / near 

the blending silo which is close to both mill department 

and kiln feed sections and can thus serve all three 

departments needing compressed air. 

Compressors / blowers used for cement mill and 

cement silos and packing are installed under the cement 

silo or close to it. 

18.8.1 A Central Compressor Station has its 
Merits 

(i) There is interchangeability, flexibility and 

continuity, 
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(ii) 'Standby' to be provided are reduced, 

(iii) number of sizes can be reduced, 

(iv) maintenance is centralized and 

(v) elaborate filtration of air can be provided for 

the total group. 

If decided to go in for central compressor station, 

allowance has to be made for loss in pressure in the 

pipe line. Pipe line also acts as a receiver and hence 

allowance has to be made for capacity also. 

Another advantage of installing compressors in a 

separate location is that they could be protected better 

against dust nuisance and hence filtering requirements 

would not be very stringent. 

The performance and availability of a compressor 

or a blower would very much depend on the care taken 

to filter in take air. Dry washable generously sized 

filters are preferred. If the compressors are located in 

a room, the doors and windows of the room are also 

fitted with filter panels. These are regularly cleaned. 

See Fig. 18.1 and 18.2. 

Thus air entering the compressor filter itself is first 

filtered. This simple precaution pays handsome 

dividends. 

When compressors and blowers are grouped 

together, the number of standby can be reduced and 

supervision of maintenance and operation is easier. 

18.9 Specifications of Compressor and Blowers 
Compressors / blowers would be procured according 

to Vendor's specifications. Vendor should indicate the 

distance of compressor from point of use assumed by 

him in arriving at the specifications. 

When compressors / blowers need water cooling, 

water pipe line should be arranged in a header format 

to deliver water to compressors/ blowers, to after 

coolers, etc., and then to return circuit to cooling pond. 

See Fig. 18.1. 

When air is required to be cleaned of oil and water, 

filters should be installed near the point of use also. 

See Fig. 18.3. 
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Fig. 18.1 

Fig. 18.2 

Fig. 18.3 
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Layout of compressor house. 
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Filter panels on doors and windows to keep dust out. 
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3 Motor 

4 Air receiver 

5 Non return valves 

6 Compressed air pipeline 
to POints of use 
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8 Out going warm water 
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10 Windows 
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1 Door with filter panel 
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1 Lagged compressed air pipeline 

2 Water filter 

3 Oil filter 
4 4-way cyclic valve 
5 Air to blending silo 
6 Central compressor house 
7 Air reciver 
9 U-bend for expansion 

Cleaning compressd air of oil and water at point of use. 
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Fig. 18.4 Compressd air for different applications. 
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CHAPTER 19 

19.1 
Electric Motors drive the machinery in cement plants. 
Sizes range from fractional kws to several thousand 
kws. 

19.2 
Motors used can be classified in several ways. 

1. H.T. or L.T. according to voltage. 

2. Fixed or Variable speeds. 

3. Unidirectional or reversible. 

4. A.C. or D.C. (alternating or direct current). 

5. According to type like slip ring, squirrel cage, 
synchronous, or synchronous induction. 

19.3 
Most common are A.c. motors slip ring and squirrel 
cage. Beyond certain ratings (say 200 kw and above) 
H. T. motors are used. Though insulation is costlier, 
currents are small. H.T. Voltage to be selected is a 
matter of choice though limited. Commonly used 
voltages are 3.3, 6.6 and 11 KY. 

19.4 Voltage 
Voltage to be selected in a way depends on incoming 
voltage of transmission. 

Incoming voltage Voltages of motors 

KV H.T. (KV) L.T (V) 

132 11/6.6/3.3 415 

33 11/6.6/3.3 415 

11 11/6.6//3.3 415 
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Generally only two steps in stepping down would 
be kept. 

1. From incoming to H.T. transmission within the 
plant.This would then also be voltage for H.T. 
motors. 

2. From H.T. transmission to L.T. i.e., 415 /440 
volts. 

19.4.1 
If H.T. transmission selected is 6.6 kv, then H.T. 
motors would also be 6.6 kv. 

19.4.2 
For small plants, motors could be 3.3 or 6.6 kv. For 
large plants they would be 11 or 6.6 kv. 

19.5 Frequency 
Frequency of generation decides 'synchronous 
speeds'. In India frequency is 50 cycles per second; 
in America it is 60 cycles. 

Therefore synchronous speeds are 

No. of poles 50 cycles 60 cycles 

<-- r.p.m.-- > 

2 

4 

6 

8 

19.5.1 

3000 3600 

1500 1800 

1000 1200 

750 900 

Synchronous motors run at synchronous speeds. 
Induction motors run at slightly lower speeds. 
Difference is known as 'slip'. It is between 3 to 5 %. 



Therefore actual running speeds would be: 

Synchronous speed Actual running speed 
~m ~m 

3000 2950 
1500 

1000 
750 

19.6 A.C. or D.C 

1440 

960 

730 

D.C. motors would be used when it is necessary to 
change speeds. There are several advantages like: 

1. Speeds can be changed smoothly and not in steps, 

2. they can be changed over almost the entire 
range, 

3. there is little loss of energy. 

19.6.1 

Therefore d.c. motors would be used for drives of: 

(i) Apron feeders, 

(ii) belt feeders, 

(iii) weigh feeders and prefeeders, 

(iv) kilns, 

(v) grate coolers, 

(vi) fans. 

Ratings would range between fractional kws to 
several hundred kws. 

19.6.2 

One disadvantage of using d.c. motors is that it is 
necessary to convert incoming a.c. into d.c. by 
installing converters. 

19.6.3 

Variable speed A.C. motors. 

It is also possible to change speeds of a.c. motors by: 

(i) Using rotor resistance starters for slip ring 
motors. 

(ii) changing frequency of supply by frequency 
converters. 

(iii) using slip recovery system which uses 
difference between synchronous speed and 
actual running speed to change the speed. 

This system was profitable when a machine was 
required to run much below synchronous speed for 
long periods. 
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19.7 
Most commonly used motors are a.c. induction motors. 
There are two principal types : 

1. squirrel cage, 

2. slip ring. 

Squirrel cage motors have high starting torque; 
starting current is 4 to 5 times full load current. 
Therefore these motors are used up to ratings of 
100-150 kw. 

Two types of starters are used : 

(i) direct on line, 

(ii) star delta. 

Direct on line starters have a high starting current 
and therefore beyond certain ratings star delta starters 
are used. 

19.7.1 
Slip ring motors use rotor resistance starters in which 
full speed is reached by cutting out resistance in rotor 
circuit in a number of steps to limit the starting current. 
Number of steps can be as many as 10 to 15 also. 
A small drive can cutout this resistance so that motors 
can be started remotely. 

19.7.2 
When this resistance is left in circuit motor runs at 
correspondingly lower speed. Thus a stepped speed 
variation is available. It is generally limited to reducing 
speed by one third or maximum by half. Further 
resistance remaining in circuit causes loss in energy 
and hence this is a wasteful means of changing speed 
and is seldom used now. 

19.8 Synchronous Induction Motors 
Synchronous motors cannot be started on their own. 
They are started as induction motors and then run as 
synchronous motors when speed is close to 
synchronous speed. They are commonly used to drive 
grinding mills. Principal advantage of synchronous 
motors is that they can be used to correct the power 
factor of the entire plant. They can run on leading 
power factor and thus correct lagging power factor of 
the rest of the electric load. 
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19.8.1 

Now capacitors are used to correct power factors. 
Hence induction motors are also used to drive mills. 

19.9 
Motors are made to various National and International 
Standards. These must be referred to in selecting 
motors. Insulation used has a direct bearing on 
permissible rise in temperature of windings. Ambient 
temperatures also play an important part in selection 
of motors. The three are in a way related. Hence it is 
good to specify the desired values at the time of inviting 
offers. 

For cement plant application, generally speaking, 
motors of Totally Enclosed Fan Cooled( TEFC) 
construction, Class F Insulation and IP 54/1P55 
Protection are preferred. 

Motors are now made in standard International 
Frame sizes. This is an advantage as a frame size 
furnishes all pertinent details of dimensions of a motor. 

19.10 Starting Torque and Moment oflnertia 
Different machines require different starting torques. 
For example, a ball mill has a load of grinding media. 
It is to be started from rest by overcoming this 
unbalanced dead load. Similarly a kiln has also to start 
on load. Therefore it is necessary to ascertain the 
starting torque required for a particular machine and 
also Moment of Inertia it must overcome from makers 
of the machinery. Motors must be selected on this 
basis. This precaution should also be taken when 
specifying motors for fans. 

19.11 Standardisation 
In a cement plant many motors of similar ratings and 
speeds are required. This is so particularly for material 
handling systems. It pays to look into the possibility of 

'standardizing' on ratings and frame sizes to reduce 
inventory of spare motors to be maintained. 

Even large mill motors which may have ratings 
between 1000 to 3000 kw, can be standardized so that 
only one motor can be kept as a standby for two or 
more mill motors. 

19.12 
Specifications of motors are also standardized. In 
selecting motors it should be seen that they conform 
to pertinent standards. For example IS 325 of Bureau 
of Indian Standards (BIS ) is for Induction motors. 
BIS have published Standards for other aspects like 
for testing of motors; for determining their efficiency; 
for improving their power factor. 

19.12.1 
Relevant Standards should be studied to serve as 
guidelines in formulating enquiries for procurement. 
It saves time all round and ensures quality if Suppliers 
follow prevalent National or International Standards. 

19.13 
Efficiency of motor is not the same at all loads. 
Therefore over sizing is not good. Further power factor 
also reduces at lower operating loads. From this point 
also motor should not be oversized. It is common to 
have a margin of 10 to 20 % in motor over machine 
brake horse power. 

Except for applications like winding drums of cranes 
and hoists, most drives are unidirectional. If specified 
accordingly there is a small gain in efficiency. 

19.14 
See rs 114 in Section 8 (Reference Section) on 
selection of motors. 



CHAPTER 20 

20.1 Gearboxes 
Gearboxes are connecting links betweeh motors and· 
driven machines. Their functioniis to rep\lce speed of 
motor to speed of machine to be driven. 

.:..( 

Often gearbox will be coupled straight to the 
machine. In some cases though speed is reduced further 
by a 'chain and sprocket' between gearbox and 
machine like in case of grate ~oolers; or an open gear 
train is introduced between gearbox and machine like 
girth gear and pinion in case of mills and kilns. 

The total ratio of reduction in speeds of motor and 
machine can be achieved in a number of ways. For 
example, let machine speed be 20 rpm. 

It can be achieved by: 

1. motor of 1500 rpm and a gear box with a 
reduction ratio of 75: 1, . .} \0-:--,. ~ 

2. motor of 1000 rpm and a gear~ box '~ith .~~,. 
reduction ratio of 50: 1. 

Gearbox of ratio 75: 1 will'be costlier than gearbox 
of ratio 50: 1. 

But a 1500 rpm motor will be cheaper than a 
1000 rpm motor. 

A balance is to be achiev~d to minimize total cost 
of drive. 

20.1 Open Gear Train or Chain Drive 
An oren gear train or a chain drive will be cheaper 
than a gearbox. 

For example a dri ve consisting of a gearbox of 10001 

120 rpm ratio and an open gear train of 120/20 rpm 
would be cheaper than a gearbox of 1000/20 rpm. 
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In taking a decision increase in maintenance costs 
due to open gear train would also have to be taken 
into account. 

20.2 Selecting Gearboxes 
Gearboxes like motors come in standard sizes. As 
torque reduces with increase in speed to transmit same 
power, a given gearbox will have different ratings for 
different input speeds. For example 

input speed ratio output speed rating 
rpm rpm kw 

1000 50:1 20 200 

1500 50:1 30 300 

This is useful in changing drive of kiln when 
introducing a calciner to increase its capacity. 

. Helical gearboxes are selected for better efficiency 
and for drives of high ratings. Reduction ratio can be 
increased by increasing number of stages. 
See Plate 20.2. 

,,' ~ Worm red.uction gearboxes are used where 
. efficiency is not clitical and for drives of small ratings 
and high reduction ratios like for drives of belt 
conveyors and screw conveyors etc. 
See Plate 20.t. 

Mostly both input and output shafts are horizontal. 
They are also parallel for helical gearbox. In case of 
Vertical Mills though, input shaft is horizontal and 
output shaft is vertical. It requires a bevel gear train. 
Moreovet in vertical mills table is mounted directly on 
the gearbox requiring gearbox to withstand high thrust 
loads. Gearboxes for v. r. mills are therefore specially 
designed. 
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Plate 20.1 Worm reduction gearbox. 

Plate 20.2 Helical gearbox. 



Couplings between motor and gearbox and gearbox 
and machine are designed to be able to take a certain 
amount of misalignment of machine. They can be 
standard flexible couplings with rubber bushes in most 
cases. For drives oflarge ratings like mill and kiln drives, 
gear couplings are used. 

It is also common to use a 'torsion shaft' between 
machine and output shaft of gearbox to take not only 
misalignment but to serve also as a safety device. 

20.3 Inching Drives 
Machines like ball mills and kilns need an 'inching drive' 
to tum mill slowly and stop it in a particular position to 
load or unload grinding media and for laying refractory. 
Inching drive is fitted on the input shaft of the gearbox, 
which is extended on the other side for this purpose. 

Kiln gearbox is installed at an angle corresponding 
to slope of kiln. 

Gearbox is selected according to its application. 
Nominal power required is found from catalogues to 
suit, type of machine to be driven, number of hours in 
use, number of starts per hour etc. Thermal capacity 
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of the gearbox and starting torque it has to withstand 
are also ascertained. 

20.4 Lubrication and Cooling 
Some gearboxes would need external 'forced 
lubrication system' for cooling oil in the gearbox. 
Otherwise a larger gearbox would be required. For 
large gearboxes this should be insisted upon. 

Some would need a bedplate. Smaller gearboxes 
would have a common bedplate with motor. Large 
gearboxes mayor may not have bedplates. 

It is useful to take help of Suppliers in selecting 
gearboxes. 

Gearboxes also come in standard sizes like motors 
and conform to respective National and International 
standards. It is therefore useful to be familiar with the 
standards in formulating specifications and to see to it 
that gearboxes supplied conform to them. 

20.5 

See rs 115 in Section 8 on selection of gear boxes. 
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CHAPTER 1 

1.1 Preliminary Investigations 
Shrewd entrepreneurs investigate several options 
available / open to them for investment. These options 

are evaluated and compared against yardsticks like: 

I. quantum of investment, 

2. gestation period, 

3. rate of return, 

4. continuity of future prospects. 

The foremost factors that should be investigated 
would be: 

(i) Prospects - present and future. 

(li) 'Demand and supply' situation and size of 
market. 

1.2 Prospects 
Prospects are important. An industry may look 
prosperous and profit-making today, but if substitutes 

have already made their appearance then the prospects 
could diminish or even vanish altogether. In such a 
case it would not be prudent to venture to invest in 
such an Industry. 

The industry must have good prospects till 
foreseeable future. 

1.3 Market 
Size of the market is also an important consideration 
for investment. Size of the market and its rate of growth 
and location are important factors. 

The share of the market that the new entrant can 
hope to have would depend on the difference between 
'demand and supply' and the competition. 
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It is therefore necessary to know the movement of 
demand and supply for the previous ten years and 
projections for the next ten years also. 

1.4 Price 
The product may come under 'free market' conditions 
or under 'controlled or regulated' price conditions. 

Gap between demand and supply would ensure a 
good price. Surplus supply invites cut throat competition 
and affects prices and profitability. 

The price structure consists of elements of : 

1. Cost of Sales. 

2. Cost of production including costs of material, 
fuel, power, packing, salaries & wages. 

3. Taxes and Duties to be paid to State & Central 
Governments. 

4. Cost of freight. 

5. Overheads. 

6. Profits 

This structure should be known in great detail so 
as to anticipate movement in costs of productions. 

1.5 Profits 
Profit is the difference between net sales realization 
and costs of production. 

Market factors govern the sales price and are 
generally beyond the control of the entrepreneur. 

1.6 To Earn Profits - He Has To 
I. Choose unsaturated segments of the market. 

2. Locate the unit conveniently in relation to market 
and raw materials, power, fuel, etc. 
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3. Select 'State of the Art' process of manufacture 
and plant and machinery that would ensure lowest 
cost of production and highest returns. 

1.7 Viability 
Over a period of time, the size of the unit of production 
that would become viable increases with increase in 
costs of production. 

The viability of the project being the most important 
consideration, a new entrant has to set up a much larger 
unit requiring higher quantum of investment as 
compared to say that was setup 5 years back. 

Therefore, only those entrepreneurs who have their 
own funds or who can raise funds by borrowing or by 
public issue can take up new projects. Others would 
seek opportunities in other fields. 

1.8 Investment Decision 
The prospective entrepreneurs must therefore obtain 
factual information on: 

1. Market - its size and location. 

2. Demand and its rate of growth. 

3. Supply and its rate of growth. 

4. Price structure prevailing and its trend. 

5. Special considerations for locating the plant, with 
respect to market like availability of raw 
materials, power, fuel, etc. 

6. The profitability of units, already manufacturing 
the product. 

7. The size of viable unit and funds required to set 
it up. 

8. Investment yardsticks in relation to capacity. 

9. Sources of financing and costs of raising capital 
and gestation period. 

10. Process and technical know-how and availability 
of machinery and other items. 

11. Consultancy services available in various fields 
required for taking up commissioning the project. 

1.9 Sources of Information 
Possible resources for collecting the information with 
special reference to Cement Industry would be: 

1. Cement Manufacturers Association. 

2. Government agencies like Ministry of Industry. 

3. Financial Institutions like, IDBI, IFCI, ICICI, etc. 

4. Reviews of Cement Industry brought out by 
various agencies like: 

Hindu, 

Cement Industry Review. 

5. Report of the Development Council for Cement 
Industry (1994). 

(This report contains a detailed bibliography on 
various aspects related to Cement Industry). 



CHAPTER 2 

SETTING UP A CEMENT PLANT 
TECHNO-ECONOMIC FEASIBILITY STUDIES 

2.1 First Steps in Setting up a Cement Plant 
Having taken a decision in principle to invest in Cement 
Industry and to install a cement plant, the first steps to 
be taken are: 

1. Identify likely sites for setting up of the plant 
with respect to market and limestone deposits 
of cement grades. 

2. Take up Techno Economc Feasibility Studies 
(TEFS) to establish viability. 

Though specific reference has been made to India 
in the following paragraphs, it is by way of explaining 
the procedures and steps to be taken. Each Country 
will have Institutions and Organisations similar to those 
mentioned. Assistance should be taken from such 
Institutions. 

2.1.1 Identify Possible Sites 
It is therefore necessary to identify sites that have 
sufficient limestone deposits of cement grade that 
would sustain the cement plant of viable size for a 
minimum of 30 years- possibly - 40 years. 

2.1.2 Preliminary Investigation of Deposits -
Availability of Deposits 

Preliminary investigations are needed to be undertaken 
at this stage, with the help of Geologists, to locate such 
deposits as are still available for exploitation. 

Assistance of Central and State Geological and 
Mining Departments of a country can be taken in the 
search of such deposits. 

Speaking about India by way of illustration, National 
Council for Cement and Building Materials (NCBM) 
have brought out a very useful publication on limestone 
deposits of cement grade in India titled 'Comprehensive 
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Appraisal of Cement Grade Limestone Deposits of 
India'. It could be a good starting point for 
entrepreneurs in India. 

Preliminary geological investigations should be 
carried out for the prospective locations. Quality and 
Quantity oflimestone deposits could be established with 
the help of: 

(i) Surface samples. 

(ii) Exposed pits or faces. 

Quality can be estimated at this stage for indicated 
reserves by using data available with State Mining and 
Geological Department. It would have preliminary data 
on important minerals found in the State. They would 
be estimating the quantity of reserves using statistical 
methods. 

2.2 Statistics on Production and 
Consumption of Cement 

Preliminary Investigations would also have shown 
State wise cement production and consumption in a 
country. In India Cement Manufacturers Association's 
(CMA),s 'Cement Statistics' that is printed every year 
is a very useful publication for this purpose. 

2.2.1 Super Impose Markets and Available Sites 
Super imposition of markets and limestone sites would 
help in shortlisting likely locations that could be taken 
up for in depth studies. 

Shortlisted likely locations could be super imposed 
on a map showing railway lines and road routes to 
check the transport and communication facilities with 
respect to them. Similarly locations of collieries and 
power stations with respect to them could also be 
examined. 
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2.3 Selection of Probable Sites 
Selection of the site /s for locating the proposed cement 
plant. 

Thus pertinent data on shortlisted sites could be 
readily and visibly seen by placing transparencies of 
locations of promising sites on maps of identical size 
showing: 

1. Production and consumption- See Fig. 2.1, 
areas of circles show relative volumes. 

2. Fig. 2.2 shows locations of large cement plants 
including Grinding units. 

3. Fig. 2.3 shows limestone and coal deposits in 
various parts of the Country. 

4. Fig. 2.4 shows networks of Railways and 
Highways. 

5. Fig. 2.5 identifies the 'clusters' of factories. 

(These figures are with respect to India. Similar 
figures could be constructed for a country under 
consideration). 

From Fig. 2.1 it could be readily ascertained which 
States are surplus and which are deficit. 

In Annexure 3, in Table 2.3 is shown Production 
and Consumption of cement in the Year 2003-04 in 
various States of India and brings out surplus / deficit 
of production over consumption. 

This study would help in shortlisting likely sites. Two 
/ Three sites could be selected for further studies. 

Alternately a table can be made by listing various 
factors and by giving them weightages. It can be used to 
take a decision as shown in Table 2.1 in Annexure 1. 

2.4 Techno Economic Feasibility Studies 
Techno Economic Feasibility Studies are 'in depth' 
studies of an Industrial Project that take into account 
all Technical and Economic aspects of the Project and 
work out its viability and profitability. 

2.5 Why is Techno Economic Study Necessary 
1. It is a scientific and systematic investigation of 

all aspects that influence profitability of the 
venture. 

2. It ensures that all major and minor factors are 
looked into in the correct manner. 

3. It ensures that projections of profitability are 
made on factual basis. 

4. It studies market trends, demand, supply and 
price trends. 

5. It studies infrastructural facilities that are 
necessary to put up the plant including: 

(a) Limestone deposits. 

(b) Land for mining lease and factory. 

(c) Transport and road communications. 

(d) Power. 

(e) Water. 

(f) Social structures including availability of 
skilled and unskilled labour. 

6. It also goes into the aspects of sizes, capacities 
and machineries most suited, taking into account 
'State of the Art' conditions of different types 
of processes and machinery available so as to 
obtain optimum operating conditions at low 
operating costs. 

7. It translates all these into capital costs, financial 
costs of barrowings and also costs of production, 
works out profitability, payback period, and other 
relevant, financial ratios commonly used as 
yardsticks by financial institutions. 

8. Last but not the least it prepares solid 
groundwork for applying for loans from financial 
institutions. 

2.6 TEFS for One Site Should Suffice 
Techno Economic feasibility need not be carried out 
for each of the 2-3 shortlisted sites. It should be carried 
out for the most promising site. 

Major factors of various sites can then be brought 
out for comparison. 

The main report can be then modified for other 
sites to allow for these similarities and differences. 
See Table 2.2 in Annexure 2. 

These differences can then be used to allow for, 
railway link, roads, ropeway as the case may be and 
in selection of machinery appropriate to quality of 
limestone / fuel. 

Thus one TEFS would serve for 2-3 sites. 

The site that would give maximum returns at least 
operating costs would then be selected for installation 
of the plant. 
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SI. State No. of 
No Plants 

1 Andhra Pradesh 21 
2. Rajasthan 14 
3 Madhya Pradesh 10 
4 Gujarat 10 

5 Tamil Nadu 13 
6 ChhaHisgam 9 
7 Maharashtra 8 
8 Kamataka 8 
9 Uttar Pradesh 7 
10. Himachal Pradesh 3 
11 Jharkhand 5 
12 lIVest Bengal 4 

13 PunJ8b 3 
14 Orissa 3 
15. Bihar 
16 DeIhl 
17 Kerala 
18. Jammu & Kashmir 
19 Assam 
20. Meghalaya 
21 Haryana 

Total 125 

Capadty 
(mn.!.) 

1974 
17.43 
1619 
1438 

1436 
1095 
1095 

9.78 
4.80 
406 
347 
313 
284 
276 
100 
0.50 
042 
020 
020 
0.20 
017 

137.53 
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2.7 Requirements of Financial Institutions 
Financial Institutions like IDBI would have their own 
formats in form of 'Question and Answer' which would 
have to be filled in by the Entrepreneurs seeking loans 
from them. 

An already made TEFS makes it very easy to 
submit applications for loan to PIs in the form required 
by them. 

2.8 
Figs. 2.1 to 2.5 are with particular reference to India 
by way of illustration. However procedure would 
remain same for all Countries. Similar maps will be 
drawn for the Country in which the Cement Plant is 
to be established. Various steps mentioned above would 
also be the same. There could be minor variations in 
details peculiar to each Country. 

Annexure 1 
Table 2.1 Evaluation of selected sites. 

Sr. No. unit weightage Site 1 Site 2 Site 3 
% % % % 

1 Name & 
location 

2 District, State 
3 Size of mtpa 

Market 
3a Distance of 

Market from 
site km 

4 Likely share mtpa 
of Market 

5 Size of Million 
deposits tons 

6 Distance of km 
deposit from 
site 

7 Railway Link km 
8 Highway km 
9 Collieries km 
10 Power Grid km 
11 Substation km 

distance 

Total weightage 100 
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Annexture 2 

Table 2.2 Comparison of sites. 

Item Unit Site-A Site- B Site-C 
reserves Million tons 60 70 120 

grade High, med, low High High high 
Distance from km 3 6 5 
factory 
Market size mtpa 10 8 o 10 

P 5 
Distance km 300 200 o 400 

P 200 
Railway Link, Yes No Yes 
distance km 5 5 
Highway, distance km 2 2 3 
Substation km 132kv 132kv 132kv 

10 15 7 
Mode of transport dumpers Belt conveyor Belt conveyor 
of stone 
Collieries km 100 200 200 
distance 
Ave. quality of Kcal/kg 4000 4500 5000 
coal 

High grade-85-90 %; medium grade- 80-85 % ; low grade- 75-80 % calcium carbonate 
o = opc; P = PPc 
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Annexture 3 

Table 2.3 Cement production and consumption in various States of India in 2003-04 
In million tons per annum. 

Sr.No. 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 

1 
2 

1 
2 

State Production Consumption Surplus 
North Zone 

Haryana 0.2 3.7 
Punjab 3.0 5.4 

Rajasthan 18.5 6.6 11.9 
Himachal Pradesh 4.1 1.4 2.7 

Uttaranchal - 1.4 
Delhi 0.5 3.4 

Jammu & Kashmir 0.2 0.8 
Chandigarh - 0.2 

Total North Zone 26.5 22.9 14.6 
nett 3.6 

East Zone 
Assam 0.2 1.0 

Meghalaya 0.2 * 
Behar 1.0 3.1 

Jharkhand 4.6 2 2.6 
Orissa 3.0 3.4 

West Bengal 3.1 5.8 
Chattisgarh 10.2 1.4 8.8 

Other N.E. States - 0.7* 
include 

Meghalaya 
Total East Zone 22.3 17.4 11.4 

nett 4.9 
South Zone 

Andhra Pradesh 21.1 8 13.1 
Tamilnadu 14.6 9.1 5.5 
Karnataka 10.1 8.2 1.9 

Kerala 0.6 5.9 
Total South Zone 46.4 31.2 20.5 

nett 15.2 
West Zone 

Gujerat 17.6 7.8 9.8 
Maharashtra 11.7 14.7 

Total West Zone 29.3 22.5 9.8 
nett 6.8 

Central Zone 
Uttar Pradesh 5.7 13.4 

Madhya Pradesh 16.2 5.6 10.6 
Total Central Zone 21.9 19 10.6 

nett 2.9 
Grand Total 146.4 113 33.4 
Overall surplus of Production over Consumption 

33.4 million tons per annum 

Deficit 

3.5 
2.4 

1.4 
2.9 
0.6 
0.2 
11 

0.8 

2.1 

0.4 
2.7 

0.5 

6.5 

5.3 
5.3 

3 

3 

7.7 

7.7 

Source : "Cement statistics 2004" by Cement Manufacturer's Association, India. 



CHAPTER 3 

WHAT SHOULD THE T.E.F.S. CONTAIN 

3.1 Contents of a TEFS 
To be useful to serve as a tool in the hands of the 
Management to take Investment decisions and for 
obtaining loans from Financial Institutions (PIs), the 
TEFS should contain among other things : 

1. Future of cement as the principal building 
material, substitutes available or likely to be 
available. 

2. Types of Cement and their proportions in use. 

3. Demand forecast which will include updated 
data of cement production, growth trends in 
capacity and demand, movement of Cement 
within the country and quantity exported, price 
trends and markets that have potential of growth 
and are yet unsaturated. 

4. Lime stone Deposits vis-a-vis market: The most 
important aspect after 'markets' is the location 
of deposits suitable in quality and quantity for 
making cement. Preliminary assessment of 
deposits of short listed sites, their quality and 
quantity and the size of plant / plants they can 
sustain now and in future. 

If deposits are located in 'clusters' then 
likelihood of competition from others seeking 
same location. 

5. Broad outline of Processes and Machineries to 
be used for making cement in an economical 
way. 

6. Environmental aspects, that should take into 
account, such factors as: 

Reserved Forest areas, sanctuaries, 
population centers and other inhibiting fact~rs 

13 

and special cares required to be taken for 
satisfying fully, on a continuing basis, pollution 
control norms laid down by competent 
Authorities. 

7. Infrastructure facilities required to support the 
cement plant like: 

land, water, power fuel, communication, 
transport, labour, and social amenities like 
schools, hospitals etc., for the size of the plant. 

3.2 Technical Aspects, the Report 
Should Deal With 

1. Availability of various processes of manufacture 
of cement and selection from amongst them 
giving reasons. 

2. Operative norms to be aimed at like: 

(i) Specific fuel and power consumption. 
(li) Man hours / ton. 
(iii) Dust emissions in mgrnlnm3. 

3. Types of machinery available and reasons for 
selection of specific machinery. 

4. Build up of flow charts and machinery schedules 
for the plant starting with quarries and ending 
with cement dispatches. 

5. Requirements of power and how they would be 
met from grid power and from captive power. 

6. Process and Quality Control aspects and 
Instrumentation and Automation to be adopted 
to achieve them. 

7. Civil engineering aspects, which include special 
factors due to location, like seismic zones, load 
bearing capacity of soil, under ground water 
tables, wind velocities etc. 

8. Water resources. 
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3.3 Man Power Requirements For 
1. Managerial functions, 

2. operational functions, 

3. skilled and unskilledjobs, 

4. marketing, accounting, financial and personnel 
functions. 

3.4 Capital Costs of the Project 
After covering the various Technical aspects mentioned 
above, TEFS should then work out cost estimates for 
the project including inter alia, cost of acquisition of 
land and construction of railway siding, roads, power 
transmission line and all those factors touched upon 
earlier. 

3.5 Costs of Production 
TEFS should work out costs of production consisting 
of material costs, fuel and power costs, and stores and 
spares and maintenance costs, that together could be 
termed 'variable costs'. 

TEFS should also work out 'fixed costs' such as 
salaries, wages and overheads. 

The two together can then be converted into annual 
expenses or costs for a given volume of production. 

3.6 Realisation from Sales 
The TEFS should contain work outs of revenues from 
sales for different prices and for different shares of 
the market - on 'optimistic and pessimistic' basis. 

Net Sales realizations are worked out after 
deducting duties, taxes, freights, transport, packing, 
dealers' commission, costs of sales such as expenditure 
on advertising, maintenance of depots and dealer 
network. 

Surplus of net sales realization over total costs of 
production less interest and depreciation would yield 
gross profit. Net profit is arrived at by deducting taxes. 

3.7 Finances for the Project 
TEFS also deals with aspects of raising finances and 
hence cost of capital. Finance raised could be : 

1. Totally from own resources. 

2. Partially own, partially public. 

3. Loans from financial institutions. 

Normally, it would be a combination of all three. 

3.8 Working out Probitability 
The costs of capital are worked out on basis of current 
interest rates, preliminary and pre-operative expenses. 

Financial Institutions have their own norms for 
financing new projects and expansions and 
entrepreneurs approaching them should acquaint 
themselves with these norms and should be able to 
satisfy PIs that these norms would be met. 

TEFS then works out profitability and prepares 
various Financial Statements and establishes financial 
yardsticks used by Fls to bring out viability and 
soundness of the proposed investment in the project. 

Yardsticks like 'debt servicing ratio', 'internal 
revenue returns' and 'pay back period' are very useful. 

Financial Projections are made for 10 to 15 years 
as required by PIs. 

3.9 Conclusions 
TEFS must make its recommendation in the light of all 
this study as regards location, market, size of plant, 
raising of finances etc. The recommendation should 
be fair and unbiased. 

3.10 Executive Summary 
An executive summary is a vital part of the TEFS 
specially prepared for the Boards of Directors and 
Financial Institutions. 

3.11 Format of TEFS 
The same TEFS becomes a part of the application for 
loan to Financial Institutions and helps to fill in the 
application for loan and expedites its sanctions. 

As a matter of fact, TEFS can be fashioned content 
wise to contain details in the sequence and format in 
the Q&A devised by Financial Institutions like lOBI. 



CHAPTER 4 

4.1 Demand Forecast and Markets 
One of the most important chapters in TEFS is the 
study of Demand Forecast and Market conditions. This 
study has to be done at 'micro' as well as 'macro' 
levels. 

Firstly, the situation prevailing in the country as a 
whole in terms of installed capacity, production and 
consumption has to be studied and taken into account. 

It will bring out rates of growth of demand, 
consumption and supply - (increase in installed 
capacity and production) - in various regions of the 
country. 

4.2 Demand Forecast Studies: How they Help 
In India for example, Cement Manufacturers' 
Association and Several Government and Quasi 
Governmental agencies specially appointed by the 
Government bodies have carried out studies of 
Demand Forecast from time to time. One in depth study 
was commissioned in 1994 by the Development Council 
for Cement Industry. 

The agencies use different 'models' for projecting 
demand. Normally, they come out with 

1. Pessimistic 

2. Normal } Projections 

3. Optimistic 

These help in assessing the worst and best scenarios 
and the gap between them. 

The trends in growth of manufacturing facilities 
(installed capacity) also show if the gap is positive or 
negative between demand and supply and whether it 
is closing or widening. 

DEMAND FORECAST AND MARKET 
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If 'supply' is already in excess of demand, the 
trends would show when demand would overtake and 
exceed supply (rate of growth of which will slow down 
in saturated conditions) and when gap would be large 
enough to warrant further investment in generation of 
fresh capacity. 

A cement plant takes about 2 to 2Y2 years to 
commence production from the time orders are placed. 
Another one year may be allowed for it to reach full 
capacity. Thus timing of deciding to invest and of going 
on stream is very important. The first ones to deliver 
cement when gap appears between demand and supply 
are the ones who obtain maximum benefits. 

4.2.1 Studies at Macro Level 
The macro or national level studies also bring out: 

(i) Zones which have unsaturated demand, 

(ii) zones where demand is growing at a much faster 
rate than others, 

(iii) zones that are ill served because of their location, 
lack of communications and hence are always 
'starved' . 

4.2.2 Movement of Cement within the Country 
The 'unevenness' of demand and uneven distribution 
of production facilities give rise to movement of cement 
across States. 

Speaking about India, because of abundance of 
limestone reserves in them, States like A.P., Gujarat, 
M.P. and Rajasthan produce cement far in excess of 
their own needs. These States 'export' cement to 
deficient Zones like South and East. 
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Movement of cement is 'mixed' in that same States 
will 'export' and 'import' cement simultaneously. This 
is particularly true of adjoining States. 

4.3 Clusters 
Unevenness of distribution oflimestone deposits in the 
Country has caused formation of 'Clusters' that is 
grouping of plants installed in close vicinity of one 
another. Movement of cement from the clusters to 
other areas is heavy and density of traffic of cement 
on railways is high in these areas. 

See Fig. 2.5 in Chapter 2. 

While such locations offer advantages of developed 
infrastructural facilities, a new entrant has to compete 
so much harder to win a share of the market and may 
have to go out further to sell cement. 

4.4 Proximity of Markets 
Proximity of the market is one of the most important 
considerations in locating a cement plant today. In 'free 
market' conditions in which Cement Industry operates, 
the costs of transport erode the profitability of the plant 
as the price in the market would be same for all 
whether cement comes to it from near or far. 
See Figs. 4.1 and 4.2. 

Location of Plant 
Markets - road & rail - links 

Radius of outer market 

Fig. 4.1 Dispatches - inner market - by road; outer market - by rail/by road. 
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1 to 6 Consumer centers 

7 Feeder road 

8 Railway siding 

9 Railway line 

Cement supplied to 

2,3 By road 

1,6 By rail 
4,5 By rail & road 

Fig. 4.2 Reaching consumer centres - by road and rail. 

The demand forecast studies coupled with study of 
limestone reserves in the country thus helps to locate: 

1. Markets. 

2. Limestone reserves that are close to the market 
and thus to shortlist areas where a new plant 
could be located. 

4.5 Price Movements 
The study of price movements in the last 5 years or 
so, study of profitability of prominent / established 
cement companies across the country give a fairly good 
idea as to whether it would be worth while to invest in 
a new cement plant / project. 

4.6 
The demand for cement is both in 'public' and 'private' 
sectors. In private sector it is largely for housing and 
industry. 

In public sector it is for projects like dams, roads, 
bridges and public sector industrial enterprises. 

4.7 Factors Favourable for Growth of 
Cement Industry 

Two factors that are still favourable to Cement Industry 
are: 

1. There is no substitute for cement on the horizon 
and hence it is a must for all constructional 
activities. 

2. Growth of population has not slowed down 
appreciably. That means private sector demand 
for housing will continue to grow (though per se 
housing consumes only small quantities of 
cement). 

The Government of India has launched a massive 
programme of developing 'infrastructure' in the country 
like building roads that will give an appreciable boost 
to demand for cement. 

Country has been exporting both clinker and cement 
for the last several years. In the year 2003-04 India 
exported::: 3.4 million tons of cement and 5.6 million 
tons of clinker. Prospects of export should therefore 
also be taken into account while studying 'demand 
forecast and market'. 
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4.8 References in Indian Context would be: 
1. Bureau ofIndustrial Costs and Prices' Study on 

Cement Industry. 

2. Cement Industry : Annual Reviews by several 
Specialised Publications. 

3. Development Commissioner for Cement, New 
Delhi 'Prospective Technology Plan for Cement 
Industry'. 

4. Cons india, New Delhi 'Demand for Cement in 
the Indian Economy, 1988'. 

5. Institute of Financial Management and 
Research, Chennai. 

6. RITES, New Delhi 'Studies on movement of 
cement'. 



CHAPTER 5 

5.1 Limestones of Cement Grade 
Limestone is the predominant constituent of raw 
materials used to make cement. It is to be blended 
with correcting materials or additives to make up for 
other constituents like Silica, Alumina and Iron Oxides. 
For design purposes it can be assumed that it takes 
about 1.6 tons of limestone to make one ton of cement 
clinker. 

Those limestones that have +80% CaC03 are 
suitable for making cement and are called 'cement 
grade'. When blended with additives, the carbonate 
content comes down. 

All Limestones have a small percentage ofMgC03. 

Those that have more than 5 % MgC03 are required 
to be carefully blended with other limestones and 
correcting materials so that MgO or MgC03 in total 
raw mix is kept within limits to prevent 'expansion' of 
cement which gives rise to cracking. 

5.2 Assesment of Deposits 
The first step in assessing a deposit is to collect as 
much information on it as is available with State 
Geological and Mining Departments (Central also). 
These departments have records of not only limestone 
but also of other commercially valuable minerals in 
the State. 

They would have carried out tests on surface 
samples or on faces wherever such faces are available 
to determine chemical analysis of the stone in terms 
of CaC03, MgC03, Si02, A120 3, etc. 

If found, promising for use of cement, chemical 
and steel industries, the departments would have carried 
out random drilling to take out core samples to 
determine quality of deposits and also its extent and 
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depth so that the quantity of reserves could be 
estimated on a rough basis. 

The area is fixed and demarcated on maps. Using 
statistical methods the quantity of deposits is estimated. 

This data with pertinent macro and micro maps of 
the likely deposits under consideration becomes the 
starting point. 

A good beginning could be made by referring to 
the book brought out by NCBM titled 'Comprehensive 
Appraisal of Cement Grade Limestone Deposits of 
India'. Fig. 2.3 of Chapter 2 shows distribution of 
limestone deposits in India. 

5.3 Investigations in Phases 
The investigation of deposits would generally be carried 
out in 3 phases. 

1. 'Preliminary' investigations to establish that 
sufficient deposits of suitable grade are 
available. 

2. More detailed investigations of a promising site 
are carried out to establish quality and quantity 
more accurately by drilling a few more bore holes 
and by digging pits and trenches. 

This investigation supplies more detailed information 
on deposits in terms of : 

(i) Variation in quality (measured as percentage of 
CaC03 content). 

(ii) Extent of contaminants including, MgC03, clays, 
dolomitic limestone bands etc. 

(iii) Over burden and the depth to which limestone 
can be commercially mined. 
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(iv) The area over which cement grade limestone 
reserves are spread. 

5.3.1 Testing Core Samples 
Core samples from bore holes are brought out and 
tested, washed and unwashed, to ascertain quality of 

'Clean limestone' and quality of commercially mined 

limestone. If there is too much difference between the 
two, mining could be a costly proposition. 

Similarly, if there is too much variation in quality 

then blending while mining itself would become 
necessary. More than one face would have to be 

worked upon simultaneously. 

5.3.2 Detailed investigation 
The third phase would be the 'detailed investigation' 

of deposits that would be actually exploited to make 

cement and for which mining lease would have been 

applied and obtained. 

It would be carried out for the area that is finally 
selected for putting up the cement plant after earlier 
investigation have shown conclusively that sufficient 

reserves of suitable grade are available in this specific area. 

It would be carried out simultaneously with other 

activities like acquiring land for factory, colony and 
carrying out basic design of the plant. 

The feed back from these investigations if available 

in time is of great help in selecting the type of major 

machinery and their sizing. 

These investigations can also be used to formulate 
mining plans, which need to be filed with Geological 
Departments and Environmental Authorities. 

At the TEFS stage, the entrepreneur must have 
sufficient information to take a decision based on 
deposits in shortlisted locations for investment. 

5.4 Quantity of Deposits 

As a thumb rule, a cement plant is designed for a life 
of 30-40 _years. 

To allow for wastages, over burdens and losses and 
inaccuracies in preliminary investigations, it is desirable 

to apply a factor of 2: 1 instead of 1.5: 1 in arriving at 
the required quantity of reserves. Thus a 1.0 mtpa 
capacity OPC plant, ignoring 4.5% gypsum, would 
need to have reserves as shown in Table 5.1. 

Table 5.1 Reserves required for a 1 MTPA capacity 
cement plant. 

Qty. of 30 35 40 
reserves Years Years Years 
Limestone 

Reserves in 60 70 80 
Million Tons 

Normally a design margin of 10% is added on the 
rated capacity. Applying this, it would be necessary to 
have proved or measured reserves of 66, 77 and 88 
million tons respectively. 

If the location is very promising from marketing 
point of view, the expansion should also be allowed 
for. If a simple duplication is to be allowed for, then 
the required reserves should be 132, 154 & 176 million 
tons respectively. 

5.5 Area of Mining Lease 
Assuming an in situ density of 2t1m3 (Specific gravity 
of limestone is 2.7) and an average depth of say 20 
meters to which the deposits could be commercially 
mined, then one hectare would contain :::: 2 x 20 x 
10000 = 4.0 lakhs tons of limestone. 

:. for reserves of 66 77 88 million tons, 

Area of mining lease 

would be 165 195 220 hectares 

for double the capacity, 330 380 440 hectares 

The area required is obviously a function of depth 
of deposits and its variations. Naturally some 
allowances have to be made for boundaries where 
deposits would be inferior. Hence mining lease to be 
applied for would be say 10% extra. 
See Table 5.2. 

Table 5.2 

Hectares 360 420 485 

Acres 900 1040 1200 



Deposits occur in a myriad ways. Some are solid 
blocks without interstitial materials, some have faults 
in them in that the deposits take sharp humps and dips 
with contaminants/ soil in troughs. Some are fragmented 
with lots of interstitial materials and some are slabby. 
Others have bands of calcite, dolomite and some have 
other minerals. 

5.6 Categorisation of Reserves 
Deposits have been therefore categorized into: 

1. Measured reserves. 

2. Indicated reserves. 

3. Inferred reserves. 

Measured reserves are those which would be 
exploited and supplied to the plant according to its 
capacities. 

For example, assume a limestone : clinker ratio of 
1.55: 1, and 85% limestone in raw mix, 1 ton of clinker 
would require 1.32 tons of limestone as mined and 
supplied to the plant. If it has a moisture of 5%, 
limestone mined and supplied would be = 1.4 tons per 
ton clinker. For a design capacity of 1.1 mtpa, stone to 
be supplied = 1.54 mtpa. 

To be able to supply this quantity of stone, it is first 
necessary to remove over burden and allow for mining 
losses, etc. On an average 30% is allowed for this 
purpose. Therefore 'indicated reserves' should be 
= 2.0 mtpa as mentioned earlier. 

The 'inferred reserves' are the roughest estimates 
of reserves based on very preliminary data. In practice 
say 25% would take care of inaccuracies inherent in 
estimating inferred reserves. That is for indicated 
reserves of 2.0 mt inferred reserves would be 
2.5 mt. 

Since it would be most difficult to acquire new 
mining leases later in the same area, it would be prudent 
to apply for mining lease for at least one duplication in 
the first phase itself. 

Therefore for a one million ton plant the mining 
lease should be applied for 900-1000 acres or 
360-400 hectares. 

5.7 Forests and Sanctuaries 
In selecting the deposits, there are other factors, which 
have become now very important because of the 
impact of exploiting the deposits on environment. 
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Some deposits could be in a cultivated area and 
land would be privately owned, such deposits are likely 
to be more easy to exploit but it would be difficult to 
acquire land for mining purpose. Others would be under 
fallow government lands. 

Some reserves are likely to happen in areas 
designated as 'forests'. In such cases, the grant of 
mining lease would no longer be in the hands of State 
Governments. Central Government Agencies only 
could clear the area for mining lease. It would take a 
lot of time to obtain clearances from the concerned 
Environment monitoring bodies. 

One of the stipulations made by the Authorities could 
be to create new forest on an equivalent area that 
would be made available by the Government for the 
purpose of planting new trees. 

5.7.1 Sancturaries 
Another sensitive factor is a 'sanctuary'. Some areas 
in consultation with naturalists have been categorized 
as 'Sanctuaries for birds and animals'. It is almost 
impossible to get a mining lease for such areas even if 
limestone is excellent in grade and all other factors 
are favourable. 

In selection of deposits therefore at the project 
stage itself it would be better to avoid such deposits as 
occur in areas categorized as forests and sanctuaries. 
Such areas should only be selected as a last resort. 

5.8 Preserving Trees During Mining 
Trees serve as dust and sound barriers. The mining 
operations should therefore be planned taking into 
account: 

(a) Creation of new plantings and walls of trees. 

(b) Disposal of unusable wastes and collection 
of and use of water in mines. 

5.9 Landscaping 
Landscaping of mines has become increasingly popular 
and serves many purposes like giving an aesthetic look, 
beautifies the surroundings, provides recreation spots, 
including swimming and boating facilities. 

While all this expenditure is not to be incurred in 
the project stage there should be definite plans for them 
at this stage. This can in many cases be simply 
provided for by acquiring more area than is strictly 
necessary for mining purposes. 
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Water found in mines could be profitably collected 

and used not only for quarrying operations but for 

purposes of landscaping mentioned above. 

5.10 Representative Quality of Limestone 
Deposits 

It is necessary to establish 'representative' samples 

of the deposits. In nature the quality would scarcely 

be uniform along the length, breadth and depth of the 

deposits in terms of chemical and in terms of physical 
properties like hardness, crushing strength, grindability, 

etc. 

It is very necessary to assess : 

1. Correcting materials that would have to be 
obtained for mixing with limestone. 

2. To select and size the machinery. 

After knowing the type / types of cements that 

would be made in the plant. viz., OPC - 43/53 Grades, 
Blended Cements - Slag and or Pozzolona, the quality 

of clinker and hence 'raw mix design' becomes known. 

From this the chemical analysis of limestone (which is 
available) and the desired analysis of correcting 

materials and their properties can be ascertained so 
that all criteria that go into making good clinker like : 

(i) Hydraulic modulus or lime saturation factor. 

(ii) Silica modulus. 

(iii) Iron modulus. 

(iv) C3S and C2S contents. 

Against this the analysis of various samples of 
limestone from different areas are to be compared and 
deviations noted. 

From the core samples, variations depth wise, would 
be known and from surface and pit samples, variations 

over the area could be known. The mines could then 
be broadly be divided into Zones - A,B,C & D etc., 
with rough estimates of reserves in each zone and their 

qualities. 

The representative analysis can then be obtained 
by - physically collecting and testing several samples 

over the entire area and at various depths using 
statistical methods. 

The samples can be then mixed and quartered 

several times to obtain representative samples. These 

should be available in quantities suitable for sizing and 

for analysis. For instance, 10-15 kg samples are 

sufficient for chemical analysis and grindability tests 

like Bonds. For determining crushing strengths, 

samples of 150 mm cube size would be necessary. 

For vertical mills, for testing grindability and for 

sizing of mill, samples of Y2 to 1 ton would be necessary. 

It is the responsibility of the entrepreneur to make 

representative samples available to suppliers and 

consultants for the process design, basic engineering 

and for sizing of machinery. 

Therefore in his own interest, he should take all 

necessary steps and make necessary efforts to see 

that samples called representative are truly so. 

5.11 Correcting Materials 
Once limestone quality is known - correcting materials 

should be looked into. 

In most, or at least in a large number of cases, over 

burdens or top soil in the surrounding area serves as 

one of the correcting materials to balance the required 

Si02 and Al2 03 contents. 

If this is so, it is very fortunate in that stone as 

mined could be fed to stockpiles and crushers. There 

is no wastage and there is no need to arrange for 

disposal of wastes. 

If this is not so, it is necessary not only to separate 

stone from wastes but also to look for correcting 

materials of suitable composition elsewhere. Further 

unusable overburden has to be disposed of. 

Generally speaking, clays would be added to extent 

of 10-15%. 

Thus for a 1 mtpa plant with 1.55 ratio, annual 

requirement of clay would be 0.16 to 0.23 million tons 

on dry basis. 

Iron ore requirement would be about 1-2% or 

0.02-0.04 million tons. Generally, it would be obtained 

from ferruginous deposits nearest to the plant. 



5.12 Locations of Crushing Plant and Factory 
The investigation of deposits in sufficient detail is useful 
even at TEFS stage. It helps in arriving at location of 
factory, crushing and mining operations with respect 
to one another. 

At TEFS stage itself decisions can be taken about: 

1. Location of crushing vis-a-vis mines. 

2. Location of factory vis-a.-vis crusher. 

There can be many possibilities here. But three 
most common options are : 

1. Mines adjacent to factory (0 - 3 Kms) 

Crushing would be located in the plant, limestone 
would be brought in dumpers / trucks to plant. 

If mobile / semi mobile crushing is preferred 
because of the size of plant, crushed stone would 
be brought to the plant by overland belt 
conveyors. 

2. Mines located between 5-10 kms from the 
plant 

This may be necessary for reasons of 
communication and transport of cement such 
as railway link, and road network. 

It may also be necessary for reasons of non
availability of land near mines. 

Crushing would be located in mines / near mines 
and crushed stone taken to plant either by over 
land conveyor, or by, Ropeway - depending on 
the terrain. 

3. Mines located more than 10 kms from the 
plant 

This situation would come up in inaccessible 
areas with poor infra structural facilities for 
locating the plant near the mines. 

Crushing would be invariably located near mines 
and crushed stone taken to factory by belt 
conveyors / ropeways. 

5.13 Deposits Come in All Shapes and Sizes 
1. Deposits with out crops of cement grade 

limestone in plane land - fallow or cultivated. 

2. Deposits with 1-2 meter over burden of soil / 
clay in fallow / cultivated or even in forest lands. 

3. Deposits traversed by running streams and with 
uneven contours. 

4. Deposits in the form of hills. 

5. Deposits submerged under water / sea. 
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5.14 Machinery for Mining 
Each one of these would require careful selection of 
mining machinery consisting of: 

1. Drills and Compressors 

Pattern of drilling, size and spacing and depth of 
holes will depend on whether deposits are solid, 
fragmented and or with interstitial materials. 

2. Shovels and Dumpers 

These are the basic units for recovery of 
limestone loosened from working faces by 
blasting and for conveying it to the crushing 
plant. 

3. Rippers 

For some deposits, 'rippers' which literally rip 
stone from its bed could be used. This is possible 
for sedimentary deposits near sea shores. Ripping 
can save expenditure on drilling and blasting. It 
can also avoid vibrations in sensitive areas. 

Sizing would be governed by the capacities of the 
plant and number of shifts and hours in operation. 
Numbers would depend on lead from faces to crushing 
plant. 

As operational and maintenance costs are high for 
earth moving machinery, the leads are kept as short as 
practicable under the given circumstances. 

Sizing of shovel would also decide size of primary 
crusher to be installed. 

This equipment would be included in capital costs 
to be built up for the project. 

For these reasons preliminary detailed investigation 
should precede placing of orders of plant and 
machinery. 

5.13 Availability of Deposits 
Another very important factor in case of deposits is 
their availability. 

While there are extensive deposits of cement grade 
limestone in the country (they are not evenly spread), 
some locations are sought after by more than one 
entrepreneur for obtaining mining lease and for the 
exclusive right of exploiting them. 

Mining leases would be granted by State 
Departments on 'first come first served' basis. 
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There is therefore always a possibility that deposits 
that appear most promising are not available as some 
one has already acquired mining lease for them. 

Therefore in the early stages of the project it is 
necessary to ascertain which deposits in a given area 
are still free to be exploited. Clear demarcation of such 
deposits is essential. 

In the past mining leases used to be granted for 
long periods - 20 years or more. There is many a 
deposit that has simply remained unutilized. 

Mining leases are now given for short periods of 6 
to 10 years (even shorter for mines in forests) and 
are therefore to be renewed again and again. This is a 
cumbersome procedure for a running plant. 



CHAPTER 6 

6.1 Pollution Control Norms 
State and Central Pollution Control Boards (PCB) lay 
down 'norms' to be satisfied by the entrepreneur to 
ensure 'clean ambient air' in the area surrounding the 
cement or any industrial plant. 

An entrepreneur desirous of putting up a cement 
plant has to satisfy the Authorities of concerned PCBs 
that he has taken all necessary steps to ensure clean 
ambient air as per norms laid down not only for the 
present but also for future when the plant will be 
expanded. 

6.2 Environmental Aspects 
In setting up a cement plant, the environmental aspects 
that get affected would be: 

1. Felling of trees / bushes in mines and for 
construction of plant and colony, roads, railway 
siding, etc. 

2. Loss of land for agriculture and grazing. 

3. Creation of ugly pits as a result of mining 
operation and accumulations of heaps of waste 
material. 

4. Emissions of dust in exhaust gases in various 
sections of the plant like crushing, grinding, kiln 
and cooler, etc. 

5. Fugitive dusts in material handling operations. 

6. Dust nuisance caused by traffic of trucks and 
dumpers in the plant and on the roads. 

7. Noise of working machines like crushers and 
grinding mills. 

An entrepreneur is required to take steps to ensure 
that the plant installed is harmoniously blended in the 
surrounding in such a way that it only enriches 'quality 
of life' . 
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6.3 Environmental Planning 
Thus the entrepreneur has to plan for : 

I. Planting of trees to replace those that need to 
be cut down. 

2. Create screens or wall~ of trees that would serve 
as 'dust and sound' barriers. This calls for 
creation of 'green belts' around the plant and 
colony and even sections of mines. 

3. Landscaping so that the waste material from 
quarries is judiciously spread over and made use 
of in creating green slopes with trees, flowering 
plants, bushes, etc. 

4. Install the 'state of the art' dust collecting 
equipment at all vulnerable points that would 
satisfy not only the present norms viz., 110 mgrn/ 
nm3 (or whatever is prevailing), but would also 
go beyond that so as to satisfy the norms of 
maintaining the same 'quantity' of dust emission 
even after expansion. 

5. Take practical steps to keep nuisance from 
fugitive dusts down to a minimum. 

6. Make asphalt / concrete roads to minimize dust 
nuisance from plying of trucks. 

7. Minimize noise levels. 

6.4 Location of the Plant 
The important point here would be the location of the 
plant vis-a-vis centers of population. 

If a minimum safe distance is maintained between 
plant and the populated area the nature itself will absorb 
dust emissions to a great extent and clean ambient air 
could be maintained at less cost. 
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6.5 Tall Chimneys Spread Dust 
Similarly tall chimneys spread dust over wider areas 
and bring down dust concentration. Hence it is advisable 
to install chimneys much taller than those stipulated. 

6.6 
A good clean plant is an asset for the plant itself. 
It promotes good atmosphere, keeps high the morale 
of the workers who feel proud of and are happy to 
work in clean surroundings. A clean and dust free plant 
also keeps down maintenance costs of the plant. 

6.7 Choice of Dust Collectors 
The choice for selection of dust collection is between 
Bag Filters and ESPS. Only these two types can cope 
with dust emission norms of 110 mgm / nm3 or 50-60 
mg I nm3. 

Out of the two, ESPs are expensive for small gas 
volumes and the smallest application would be cleaning 
vent gases from cement mills and coal mills. 

They are compatible with bag filters for large gas 
volumes like kiln and raw mill exhausts and cooler 
exhausts. 

6.8 ESPS 
ESPs are a little bit 'inconsistent' in dust emissions 
during 'start' and 'stop' periods ofthe plant. They also 
need continuous operation for reaching the designed 
dust emission levels. 

6.9 Performance of ESP 
Performance of ESP is dependent on : 

1. humidity of gases, 

2. resistivity of dust in the gases and 

3. temperature of gases. 

Humidity greatly improves the performance. 
Therefore kiln exhaust I raw mill system gases are 
'conditioned' to increase the dew point to 50-55°C by 
spraying water in a 'conditioning tower' through which 
gases are passed before entering ESP. Moisture in raw 
materials increases dew point. Therefore in 'combined 
operation' i.e., when gases enter ESP after wholly or 
partially passing through raw mill, quantity of water 
required to be sprayed would be much less. 

In vertical mills, if moisture in raw materials is less, 
2-3 % only, water is sprayed into mill to stabilize the 
mill operation (mill is likely to vibrate when grinding 
very dry materials). 

Water thus introduced is totally lost and it is a 
sizeable quantity for direct operation - about 0.12litresl 
sec/nm3 for a temperature difference of 200 dc. 

Therefore for a 3000 tpd plant - which produces 
125000 kg clinkerlhr, quantity of water required for 
conditioning would be ~ 25 m31hr. 

Thus if the plant is located in areas of scanty rainfall 
and poor water resources, ESP for kilns would be 
avoided. 

6.9.1 ESPS for Coal Mills 
ESPs are also used for cleaning vent volumes of coal 
and cement mill systems. 

Coal dust has low resistivity and because coals 
generally have high moisture (8-10% on average) the 
humidity of exhaust gases is high. Therefore ESP is 
ideally suited for venting coal mill gases except for 
possibility of explosion. Explosions can take place if 
CO is generated due to slow combustion of coal. Coal 
dust and air also become explosive mixtures; when 
and at what temperatures cannot be predicted 
accurately. It depends on concentration of coal in air, 
temperature, and volatiles in coal among other things. 
Hence ESPS used in coal mill applications would 
generally be designed for withstanding high pressure 
(internal and external) and would be fitted with explosion 
flaps or membranes which would let out safely, high 
pressures built up within. To avoid the possibility of 
explosion, at the root itself, hot inert gases from kiln 
exhaust with oxygen content of 6-8% are preferred 
for drying in coal mills. 

6.9.2 ESPS for Cement Mills 
Cement dusts have unfavourable resistivity and are 
too fine. Cement mills are sometimes equipped with 
'internal water cooling' in the mill to keep down 
temperature of cement to < 110°C. This increases 
humidity and hence situation becomes more favourable 
for application of the ESP. 

Cement being the end product the higher the 
efficiency the better. 



To maintain uniform temperature of gases inside 
the ESP, all ESPs are insulated and lagged. This 
prevents skin temperatures of casing fluctuating 
between day and night due to changes in ambient 
temperatures. 

6.9.3 Cleaning Cooler Exhaust Gases 
There can be 2/3 choices for dust collector to be used 
for cleaning cooler exhaust gases. 

Till recently multiclones were used. Clinker dust is 
coarse and multiclones have high efficiency of +95% 
for coarse dusts. Even then, with say 10 grnlnm3 as 
dust in raw gases, dust emitted for an efficiency of 
95% would be 500 mgrnlnm3, which is too high by 
today's norms. PCBs have applied the norm of '110 
mrnInm3' to cooler exhaust also. Therefore, multiclones 
are no longer acceptable. 

The next choice is a bag filter. Cooler exhaust gases 
have temperatures between 180 to 250°C. The 
volume and temperature increase considerably when 
kiln runs under upset conditions. Clinker dust is also 
abrasive. For using bag filters, cooler gases are first 
cooled down in 'air to air heat exchangers'. 

ESPs are extensively used now for cooler vent 
gases. 

However, because of poor resistivity of clinker and 
because of fluctuation of temperature and volume of 
gases, cooler ESPs are sized with low design migration 
velocities and volumes under upset condition. This 
results in a very large ESP. 

At 1.7 nm3/kg clinker, in case of a 3000 tpd kiln, 
vent gases from cooler would 212500 nm3/hr and 
assuming raw gas dust burden of 10 grnlnm3, dust 
emitted would be 2.125 tph or 51 ton/day or annually 
16830 tons; a gain of less than 2 % in the annual 
revenue. The ESP could cost as much as 40- 50 millions 
of Rupees and returns could be about 4 millions of Rs. 
per annum; hence payback period will be quite long. 

Thus the costs of investment for installing an ESP 
on a cooler are very high to attain a clean gas content 
of even 110 mgrnlnm3 and much higher if clean gas 
dust burden is brought down to 55 mg/nm3. 

The investment costs could be brought down 
appreciably if PCBs would permit a dust burden of 
around 200 mgrnlnm3 in cooler exhaust. Since cooler 
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dust is much coarser than raw meal and kiln or coal 
and cement dust, it tends to settle within a short distance 
of the plant. A tall chimney would also help. 

6.10 Bag Filters 

6.10.1 Bag Filter in Kiln Preheater System 
Bag filters are another alternative for dust collectors. 
Bag filters are either pulse jet or reverse jet type. 

Performance of a bag filter depends on the fabric 
selected. The selection is governed by the temperature 
of the gases. Synthetic fabrics like nylon etc., can 
withstand temperatures of 120-140 °C maximum. 
Glass bag filters can stand temperatures up to 240°C. 

Kiln gases even with 6 stage preheater would leave 
kiln at 260-280 DC. The gases would have to be diluted 
with ambient air to bring down temperature to 120°C 
when polyester bags are used. A glass bag filter could 
be used with much less dilution air to bring down 
temperature to 220 °C (to be certain). 

1 nm3 at 260°C to be diluted to 120 °C would 
require, 1.65 nm3 of ambient air. 

Therefore the bag dust collector would have to be 
sized for a volume of 2.65 nm3. 

If all kiln gases are taken to raw mill for drying 
moisture and emerge at a temperature of 90-100 DC, 
there is no need to dilute them in 'combined' operation. 

However there would be periods when mill would 
be stopped in which cases, dilution, would be necessary. 

The volume and size of bag filter could be reduced 
if kiln gases are taken to coal mill for drying. But 
volume taken to the coal mill is much smaller than the 
volume taken to the raw mill. Therefore even if it is 
possible that raw mill and coal mills do not stop at the 
same time, it would be prudent to size the bag filter 
ignoring the coal mill. Over sizing of bag filter in the 
system is therefore a must. It, however, increases 
capital costs. 

Compared to ESPs, bag filters cost, much less for 
the same volume, but the operational costs are high 
because of higher pressure drop across the dust 
collector. Compared to a pressure drop of 25-50 mm 
in an ESP, pressure drop across a bag filter could be 
150-180 mms. (fabrics have been developed which 
would cause a pressure drop of only 100-110 mms; 
but such fabrics are very expensive in first costs). 
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Let kiln exhaust be 1 nm3 and pressure drop across 
an ESP be 25 mm. Therefore power of fan after ESP 
would be K x 1 x 25 kw. 

For direct operation, bag filter would be sized for 
2.65 nm3 and pressure drop across it would be 150 
mm requiring a power of K x 2.65 x 150 kw. 

Thus power costs of bag filter in direct operation 
would be much higher. 

Actually it may be necessary to pass larger quantum 
of gases through mill as it is an air swept mill. But then 
temperature of gases emerging from mill would be 
higher than 90-100 dc. To bring down the temperature 
to 100°C, additional water would have to be sprayed 
into mill; or gas after the dust collector would be 
recirculated. 

In combined operation, dilution with ambient air 
would not be required. Nevertheless it is necessarily 
required to oversize a bag filter to cope with conditions 
under direct operation. 

6.10.2 Bag Filters for Coal Mills 
In application for venting coal mill gases, bag filter had 
certain limitations but they have been successfully 
overcome. 

The gases in the mill system are to be kept 
preferably between 80-85 dc. In actual practice they 
hardly reach 60-65 °C probably because of fear of 
explosions and fire hazards in the bag filter. 

Moisture in coal being generally between 8-10 % 
(or more in wet season) dew point is high. If sufficient 
difference between gas temperature and dew point 
temperature is not maintained (min. 30°C) then 
condensation can take place and 'caking' can take 
place on the fabric which immediately affects the 
performance of the bag filter. 

Another worry is about bags catching fire either 
due to explosion in or before filter or duct leading to 
filter due to burning of coal and generation of CO in 
the filter itself. This is not an uncommon occurrence 
in cement industry. As in case of ESP, an inert gas 
helps in minimizing the risk. 

It is customary to install CO2 injection system in 
bag filter (or even ESPs) if presence of CO is detected 
and reaches dangerous levels. 

6.10.3 Efficiency of a Bag Filter 
The cleaning efficiency of a well maintained bag filter 
is consistent. It is not affected by changes in 
composition of gases, temperature, humidity or dust 
resistivity. 

However, its performance is as good as the 
condition of the bags. Hence bags must be regularly 
inspected for their condition. This is not a small job. A 
bag filter for kiln and mill gases could be as big as a 
small godown with thousands of bags. Also bags have 
a limited life and hence need to be replaced periodically. 

6.10.4 Bag Filter for Vent Gases 
Bag filters are eminently suitable for small applications 
like venting of silos, bins, pneumatic conveying systems, 
crushers and so on. The temperatures are around 
50- 60°C and dust burdens are not very high. Specially, 
designed bag filters are also available for installing on 
individual belt conveyors to arrest dust from vent gases 
at discharge points. For these applications therefore 
only bag filters could be considered. 

Thus bag filters are expensive in operational costs 
(power) and also in maintenance. But they do not need 
water and hence are preferred in dry areas with 
scarcity of water. 

6.11 Fugitive Dusts 
PCBs nowadays are concerned about fugitive dust:,> 
also. These arise in loading of hoppers and bins with 
stone, coal, etc., and in building up of stockpiles of 
stone, clinker, coal, etc. 

Coal being wet does not cause much nuisance; 
clinker would generally be stored within a totally or a 
partially enclosed building. A bag filter would be 
installed at discharge point of the clinker conveyor 
bringing in clinker from cooler. A shaft with opening at 
different levels ensures that free fall is limited and dust 
nuisance is minimum. 

In linear stockpiles telescopic chutes are used to 
maintain short free fall as piles are built up. 

The linear stock piles of stacker reclaimer system 
for limestone are generally in the open except in 
locations which have extreme weather conditions. 
Stacker booms can be lowered to ensure a short fall. 
Thus even for building up stockpiles, problem of fugitive 
dust has been contained. 



Water / Chemicals are sprayed in crusher hoppers 
where dust nuisance is inevitable as stone is dumped 
from rear dumpers into hoppers. 

6.12 Green Belts 
'Green belts' around the plant, even inside the plant 
and in colony provide not only barriers against nuisance 
of sound and dust but have a very pleasing aesthetic 
and beautifying effect. They also help to bring down 
the temperature by a few degrees. 

To find beautifully landscaped gardens in a cement 
plant is becoming common. It has such a pleasing 
effect. Cement plants are tending to blend beautifully 
with the surroundings. 
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6.13 Noise 
Principal sources of noise in a cement plant are 
Crushers and Grinding Mills. Crusher buildings can be 
enclosed but noise arising out of stone falling from 
dumpers into crushers cannot be eliminated altogether. 

Vertical mills make much less noise. Cement 
Industry commonly uses vertical mills for grinding raw 
materials and coal. Even for grinding clinker and slag 
vertical mills are now preferred because of low power 
consumption. Therefore magnitude of 'noise pollution' 
has diminished considerably. Mill buildings can be 
enclosed to reduce it further. 

Where ball mills are used and where the plant is 
close to population centers such enclosing of mill 
buildings would be essential. 



CHAPTER 7 

7.1 Infrastructural Facilities for a 
Cement Plant 

Setting up a Cement Plant in a given location and 
running it there requires many infrastructural facilities 
such as transport and communication, power, water, 
labour force etc. 

Therefore all other factors being comparable, the 
site which has better infrastructural facilities, would 
be preferred. 

There would hardly be a place where all necessary 
facilities would be available in quantities required. In 
almost all cases the plant would have to add and create 
some facilities that are lacking. 

Availability of infrastructural facilities like, a railway 
link or a highway or a sizeable substation in the vicinity 
can reduce capital costs substantially and also running 
costs. 

A sizeable township like a district / taluq head 
quarters would almost certainly have basic amenities 
like primary and secondary schools, hospital / 
dispensary, market for daily needs of employees and 
facilities for housing. To that extent the company would 
have to spend less on creating facilities for colony, 
schools, hospitals and shopping. 

7.2 Rail Links 
Vicinity of the Market for cement is a highly desirable 
feature for any cement plant of any size and located 
anywhere. 

However, 'vicinity' has different connotations for 
small and large plants. For small plants, Markets may 
fall within a 200 kms radius and for large plants, the 
radius could be 500 kms or more. 
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As time goes and competition grows, cement plants 
would have to go further and further to sell their 
product. 

Therefore a railway line or a highway becomes a 
very vital link between the factory and the market. 

Though in the early days many a cement plant was 
located right on the railway line, it is unlikely that this 
could happen in future. 

A railway siding or a feeder road would be 
necessary to connect the plant to the main line or 
highway. 

7.3 Road Links 
As of now :::: 35 % cement is dispatched by rail in 
wagons and :::: 65 % by road. The share of road 
transport will continue to increase as more and more 
not so easily deposits get exploited. 

In the last two decades, quite a number of plants 
have come up without rail links. These plants depend 
entirely on road for receipt of materials and for dispatch 
of cement. Road Links would therefore assume even 
greater importance in future. 

Feeder roads must be good, all weather 'pucca' 
roads Le., either tar or concrete as they have to carry 
heavy truck traffic that would only grow with passage 
of time. 

In some locations like HP and Meghalaya, there 
are hardly any rail links. Hence a good network of 
asphalted / concrete roads is a great asset for such 
States. 

The proposed location would have to be examined 
from this point of view. The available links should have 
sufficient capacity to cope with addition to traffic of 
the new plant and likely additions in future. 
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Table 7.1 

Coal 
Cement No. of Trucks Total 

Capacity despatched trucks density of traffic brought Truck trucks per of plant in trucks/hr* in per loads daily 10 tlload 
day hour * per hour 

~d tons numbers tons +- numbers -+ 
1500 1600 160 11 270 27 3 28 
2000 2100 210 14 360 36 4 36 
3000 3200 320 22 540 54 6 56 
4000 4200 420 25 720 72 8 66 

* Assuming all dispatches of cement by road and all coal brought in trucks by road 

7.3.1 Density of Road Traffic 
Assuming that the highway is about 15 kms from the 
plant, a feeder road of 15 kms would be necessary for 
trucks to ply on it to dispatch cement. 

Truck traffic per day for cement plants with road 
link only would be as shown in Table 7.1. 

Number of hours of dispatches are 15 and hours of 
receipts are 9 per day. Total trucks per day includes 
return journey. 

It would therefore be seen that as plant capacity 
increases the density of truck traffic measured in trucks 
per hour increases. 

It would require a good heavy duty all weather 
minimum 2-1ane road to bear this traffic for a plant of 
3000 tpd capacity alone and wider for plants of 
4000 tpd capacities. 

Further if the feeder road passes through a town 
or a sizable village, road within the township literally 
falls in no man's land. The township is expected to 
construct and look after roads in its area. In most cases 
they have no funds and hence roads within city / 
township area are largely in bad condition and too 
narrow to handle the heavy truck traffic. 

Further passing through a populated area slows 
down movement and increases risks of accidents to 
human beings, animals, etc. 

Hence it would be most desirable to 'bypass' such 
towns. This imposes additional burden on project costs 
but it is worthwhile. 

This burden may be shared with Roads and 
Buildings Departments. It may also be possible for 
Cement Companies who use the feeder road to come 
together to share costs of such a 'bypass' road. 

7.4 Railway Siding 
Railways may invite project entrepreneurs to finance 
costs of laying railway siding from the take off point 
on the main line to the plant. If the take off point is 
2/3 kms from the plant, it would mean financing of 
about 6-8 kms of railway siding. If there are numerous 
culverts / small bridges enroute, the cost goes up further. 

If all of the cement produced was to be dispatched 
by rail, the traffic to be handled would be as shown in 
Table 7.2. 

The railway traffic i.e., number of wagons to be 
received and dispatched per day can be estimated and 
converted into rake loads as shown in it. 

The railways permit a fixed time for wagons to 
remain inside the plant and charge heavy demurrage 
if this time is exceeded. 

Railway siding and loading and shunting facilities 
are to be designed so as not to incur demurrage. 

7.4.1 Lengths of Railway Siding 
Length of railway siding can be worked out from 
lengths of rake loads. 
See Table 7.3. 
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Table 7.2 Railway traffic to be handled at rated capacities. 

Plant Cement 
40 tons 

Rake loads of Coal Rake Load 
Wagons Capacity Dispatched 
Loaded 

SO Wagons required at Wagons of Coal 
tpd daily 

Daily 
each per day 18% Every 

Tons No.s No.s Tons No.s Days 
1500 1600 40 0.8 270 7 7 
2000 2100 53 1.1 360 9.00 5 
3000 3150 79 1.6 Rakes 540 14 3-4 
4000 4200 105 2.1 Rakes 720 18.00 2-3 

Table 7.3 Rake lengths. 

Wagons Railways Capacity Numbers Capacity Buffer to Length of 

type designation tons Per rake Of rake buffer length rake* 
tons In metres meres 

Closed 4 wheeler CRT 27.5 65 1800 8.82 610 

Closed 8 wheeler BCX 52.7 35 1850 15.75 587 

Closed 8 wheeler BCX 52.8 58 3060 15.75 970 

Open 8 wheeler BOXN 58.8 58 3400 10.7 667 

* includes engine and guards cabin 
Above data on wagons is for Indian Railways. 

7.5 Power 
All pertinent information on Generating Stations, major 
substations and transmission lines, their routes and 
capacities should be obtained from State Electricity 
Boards and their agencies. The Central Grid should 
also be looked into. 

The surplus capacity available, should also be 
ascertained and also plans for addition to capacity in 
the pipeline and on drawing board should also be 
ascertained. 

Quite a few large capacity Generating Plants have 
come up in the last decade in Private Sector. Details 
thereof should also be obtained. 

7.5.1 Requirements of Power 
As a thumb rule, (though in actual practice the plant 
would consume less than 90 Kwh in producing 1 ton 
of cement), it may be assumed that specific power 

consumption for a large or 1 MTPA size plant would 
be 100 kwh/ton of cement. 

Thus a million ton plant or a 3000 tpd capacity plant 
would require 

3000/24 x 100 = 12500 KWs 

or 13750 KWs with a 
design margin of 10 % 

Considering a power factor of 0.95 and a load 
factor of 0.80, power required in KVA rating would 
be 18100 KVA 

Allowing a capacity margin of 25%, the KVA 
capacity of the substation required would be:::! 22700 
KVA or say 23 MVA 

Cement plants install captive power plants of 
between 30-40 % of their requirements. This should 
be ignored while contracting power from the grid. 



7.5.2 Voltage of Transmission of Power 
For such capacity, the power would be delivered almost 
certainly at 132 KV in grid transmission lines and hence 
routes of such lines and also locations of major 
substations and their capacities should also be found 
out. 

It would be perhaps necessary to string a new 
transmission line of 132 KV of sufficient capacity 
especially for the new plant from an existing substation. 

In such cases it would be prudent to assume that 
plant capacity would be doubled and hence both 
substation and line should be designed for this capacity 
i.e., 46 MVA for a million ton plant. 

The Electricity Boards invite financing of stringing 
transmission lines and installing substation. The costs 
incurred are deducted from monthly energy bills. This 
imposes additional burden and increases initial project 
costs but it definitely speeds up completion of the 
project. 

7.6 Water 
It is necessary to identify a perennial source of water 
like a river or a stream for the plant and the colony for 
its operation and for human consumption. 
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Wells would be dug in river / stream bed and water 
pumped from them to the plant where it can be stored 
in ground level or overhead water tanks. 

The requirement of water depends on the process 
and machinery employed and size of the plant. 

Per se "Dry process" does not require water for 
the process of making cement. It requires water for 
cooling of bearings; compressors, blowers, D G Sets 
and such machinery. Cooling water can be recycled. 
It is collected and led to a cooling pond or cooling 
towers and then pumped back for cooling again. 
However, such 'recycling' requires that water is soft 
and free of suspended matter. If water available is 
naturally hard, a water treatment plant would be a must. 

If the plant proposes to use ESP for cleaning 
exhaust gases of raw mill and kiln system, it would 
require substantial quantities treated water to condition 
the exhaust gases to bring down their temperature and 
to improve their humidity. This water is totally lost. 

7.6.1 Quantity of Water Required and its Sources 
The total requirement of water in a cement plant can 
be estimated as shown in Table 7.4. 

Table 7.4 Capacity of plant 3000 tpd dry process. 

Water 
20% to be Water for 

Water for human 
Total 

section Required for 
made up ESP lost 

consumption & 
requirement Cooling other uses 

a b c a+b+c 

~------------------------m 3 per day---------------------------~ 
Quarries and 

crushing 720 140 

Mills 1200 240 
Pyroprocessing for 

coolig 600 120 

ESP 600 

Compressors 600 120 
Miscellenous 100 20 

d.g.seUcaptive 500 100 120 
power plant 
and colony 

Total 3720 740 600 120 1460 

Say 1500 rn3 per day. 
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It is in principle feasible to collect waste water from 
houses and treat it and re-use it. But this is hardly 
done on account of 'prejudices'. But it could be at 
least used for gardening and other non-potable uses. 

7.6.2 Quarries as a Source 
Quarries can also be a source of water. It depends on 
the depth of underground water table. As mining 
operations go deeper, it would be necessary to pump 
out water collected in pits. It could be used for cooling 
machines used in mining operations, like drills, 
compressors, etc. If available in copious quantities, it 
could be collected in disused or exhausted pits of the 
quarry and pumped to the plant for use in dry months 
or even all the year round. 

7.6.3 Water From Borewell 
Another source of water if there are no nearby 
perennial rivers or stream would be to tap underground 
water by drilling bore wells. The higher the underground 
water table, the surer this source of water would be. 
Depending on the size of the plant and its spread, a 
number of bore wells spread over the area would 
supply water either to a central tank / or to several 
tanks from which it could be distributed. 

However, the underground water table needs to be 
replenished. This normally happens in rainy season. 
Hence when source of water is only bore wells the 
plant should make specific arrangements for 'rain 
water harvesting' that is collecting rainwater and 
feeding it to specially dug pits to return it to soil. 

A water treatment plant to soften water is a 
necessity where ESPs and captive power plants are 
installed. 

7.7 Manpower 
One of the most important factors of production is 
human resources. 

The productivity of Cement Plants has steadily 
increased and man hours per ton of cement produced 
have steadily gone down. Though we are still using 
more man hours compared to plants in advanced 
countries, the new plants coming up in the country are 
nearing these norms. 

7.7.1 Reduced manpower in New Plants 
Main reasons for reduction in manpower requirements 
are: 

(i) Mechanized operation of quarries. 

(ii) Mechanized material handling within the plant. 

(iii) Semi mechanized operation of wagon and truck 
loading in case of bagged cement - mechanized 
or even automated 'bulk loading' . 

(iv) Automated and microprocessor based process 
control in which the machines can be started / 
stopped from a central location and from where 
performance can be watched and monitored. 
Therefore, machinery 'attendants' are now 
conspicuous by their absence. 

(v) Automated sampling and testing techniques in 
laboratory. 

(vi) Computerized accounting and recording 
systems. 

Thus even a mtpa and higher capacity plant would 
now require a work force of about 300 or less all
inclusive. 

7.7.2 Qualities of Workforce 
These changes have however necessitated higher 
educational qualifications and training of personnel 
required to run the plant. 

Unskilled workers are now needed only [or 
unloading of coal wagons, etc., and for menial work 
like house keeping. Even 'semi-skilled' workers like 
machine attendants samplers, 'oilers' 'greasers' are 
required fewer and fewer. 

The number of 'skilled and trained' workers, who 
'understand' process and are 'computer literate', has 
increased. This means a minimum school/college level 
education / IT! training / to be supplemented by 
'Specific on job training' as per the need of the job is 
necessary at all levels. 

7.7.3 Sources of Manpower 
It is a good idea to obtain the operating personnel at 
junior levels from the surrounding area. They have their 
roots and are likely to be more permanent. The turnover 
could be less. This also solves 'language problem', 
which is an important factor in a large multi lingual 
country like India. 



The personnel in senior levels could be drawn I 
recruited from the Industry by providing better 
remuneration and perks and of course housing. 

It is sometimes very difficult for a cement plant to 
recruit skilled personnel from outside if infrastructural 
facilities like educational facilities and social amenities 
are not available locally. 

The vicinity of a town I village can be a blessing in 
more than one-way. 

(i) It provides personnel with basic training and 
education. 

(ii) It may not be necessary to provide housing 
facilities for all. 

(iii) It may not be necessary to provide for 'schools 
and hospitals' facilities except by way of 
minimum. 

However vicinity of a town I city I village can be a 
'nuisance' also. Deviations in clean air norms would 
be magnified out of proportions and pressures brought 
on the plant to keep the ambient air clean. Sometimes, 
such pressures turn into ugly agitations and in 
interrupted production. 
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7.9 Social Amenities 
Among the social amenities would come market 
facilities for daily needs of the staff. A large market 
for vegetables, provisions, milk, dairy products, cloth 
and consumer goods would go a long way for happiness 
of the employees. Otherwise responsibility falls on 
the plant to provide for such facilities. 

Some plants do run co-operative dairies and stores 
to meet daily needs of its employees. 

'Hospital' facilities in the vicinity could be a great 
blessing, as they would come in handy for emergencies 
till better treatment can be arranged for. 

Posts and Telegraphs and Banks are other 
necessary social amenities. Mobile phones have 
brought in a sea change in communications. 

Satellite TV has greatly made up for 
'entertainment'. Almost all plants now install dish 
antenna and provide Cable TV for the inmates of the 
colony. TV also has the virtue of making people feel 
part of the society at large and not cut off or isolated. 



CHAPTER 8 

8.1 Organisation for the Proposed 
Cement Plant 

It is required to work out the Organization of the proposed 
cement plant in the early stages for several reasons. 

1. Firstly, to define numbers and qualifications of 
workers to be recruited for the running of the 
plant, 

2. secondly, for working out housing and other 
facilities to be provided for them, 

3. thirdly, for working out salaries and perquisites, 
which are part of 'fixed costs' and 

4. to assess requirements of training. 

Important aspects that need to be given careful thought 
at project stage are: 

(i) Qualifications and experience. 

(li) Numbers. 

(iii) Emoluments and Perks. 

8.2 Manpower Required for Different 
Functions 

The total operations of the cement plant requiring 
manpower has 

A. Technical & Operational side beginning with 
Quarrying operations and ending with 
dispatches of cement. 
Alongside is required work force to ensure 
quality of cement through: 

(i) Quality control. 

(li) Process control and Automation. 
B. Non technical side which includes supporting 

activities like: 

(i) Buying inputs like, power, fuel, additives, 
gypsum, etc., stores and spares. 
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(li) Marketing and selling cement produced, 
and services associated with it. 

(iii) Finance and Accounting - including all 
financial and accounting matters including 
inter alia, payment of salaries, wages and 
perks; payments to vendors; receipts from 
cement sold; working out all financial 
statements and profitability; payment of 
taxes and duties. 

(iv) Personnel and administration including 
welfare and other matters related to the 
work force. 

(v) Interaction with Government and other 
agencies. 

8.3 Policy Making Body 
Over and above all this organizational structure is the 
policy making Board of Directors -generally with a 
three/four tier structure: 

1. Chairman. 

2. Full time Directors. 

3. Managing Director / CEO / President. 

4. Working Directors who are Executives of the 
Company. 

CEO / MD is the king pin who first brings into reality 
and later runs the project within the frame work of 
policies laid down. 

To assist him are working Directors who are experts 
in their own disciplines like: 

(a) Plant- operation and engineering, 
(b) Marketing, 
( c ) Finance, 
(d) Administration. 



A typical Organisation chart is attached. As there 
are a myriad number of layouts of cement plants so 
there are a myriad number of organizational and 
manning patterns. Therefore chart presented here is 
to be treated as typical and illustrative only. 
See Fig. 8.1. 

8.4 Organisation Structure 
Each one of these organizational sections shown in 
the chart has several smaller and related sections. 

When each separate section is divided into sub
sections, levels of executives and their numbers and 
qualifications required and experience come to light. 

In this manner the total requirement of personnel 
beginning either from top downwards or from bottom 
working upwards can be built up. 

8.5 Productivity of Manpower 
Among the various 'yardsticks' used to judge the 
operation of a cement plant, one yardstick is for 
measuring 'productivity of man power'; it measures 
cement produced in tons per man hour or man hours 
needed to make one ton of cement to judge its 
efficiency. 

Assuming a plant produces a million tons of cement / 
year. 

The plant employs say 300 personnel excluding 
Head Office and policy making staff. 

300 people - say each putting 8 hours / day for 
278 working days in one year (arrived at by deducting 
Sundays, paid holidays, earned leave etc). 

Therefore, man hours in put per year by one person 
= 278 x 8 = 2224 and by 300 persons =6,67,200 

Cement produced in ton / man hour 

= 1000000/667200 = 1.50 

Man hours / ton of cement = 0.667 

The organizational built up should be measured 
against such a yardstick. 

8.6 New Concepts in Manpower Planning 
Old concepts in manning have become outdated like: 

I. Machinery attendants and machine operators 
(With motors and groups of motors being started 
from central control station, they are no longer 
necessary) .. 
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2. Oilers & Greasers - are new required only in a 
few locations because of centralized and 
automatic lubrication. 

3. Sweepers and cleaners for house keeping. 

In quarries, with mechanized operations, staff is 
required only to operate the machines like, drills, shovels 
and dumpers. 

They are the few machines, which still require 
personal drivers. 

In packing section -

(i) Bulk loading - has reduced manpower needs 
substantially. 

(ii) Where paper bags are used, packing machines 
are fed automatically. But in India, packing 
machines still require operators to feed jute / 
hdpe bags. 

(iii) Loading operations of packed cement bags in 
trucks - trailers and wagons have also been 
automated / mechanized to a large extent. 

The maximum number of personnel used in a 
cement plant was in quarries and in packing 
departments. Their number has shrunk substantially 
because of mechanized mining and mechanized loading 
operations. 

8.7 Manpower in Quality Control 
In 'Quality Control' and Laboratory, manpower was 
required for collecting samples from sampling points; 
in preparation of samples and in carrying out tests on 
them .. 

With 'X - ray analyzers' and automatic sampling 
and conveying systems such a force of semi-skilled 
and unskilled workers is no longer required or only a 
fraction there of is required. 

8.8 Maintenance and Repairs 
With preventive maintenance (and also predictive 
maintenance), with all the historical/statistical back 
up computers can now give readily by way of history 
cards, it is now mostly planned maintenance and 
servicing; refractory re-lining; periodical replacing of 
parts like hammers and liners; regarding and changing 
grinding media in ball mills and rollers and liners in 
vertical mills. 
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As machine sizes have gone up with plant 
capacities, many machines come equipped with their 
own lifting tackles and, removing equipment like 
hydraulic jacks, cranes, etc. 

For example in case of ball mills, over head 
mechanised cranes facilitate lifting of lining plates. 
Portable conveyor belts speed up loading / unloading 
of mills. 

In roller mills, rollers can be swung out and mills 
have systems of hoists and jacks to remove rollers 
and liners. 

All this reduces number of maintenance workers 
in the class known as Khalasis greatly. 

8.8.1 Replacing Sub-assemblies 
Reduces Manpower 

Practice to remove and replace sub-assemblies and 
assemblies to save time, rather than carry out repairs 
of faulty parts is growing. This saves considerable 
down time. Removed sub assemblies are then attended 
to and reconditioned and kept ready for replacement. 
Sub-assemblies are kept in stock and replaced when 
used. 

Where hammers / impact bars are to be built up, it 
is necessary to keep 3 sets, one working; one built up 
and ready to be installed and one in shops being built up. 

8.8.2 Plannned Shutdown 
That means when a planned shutdown is taken in any 
section, all or almost all parts that need to be replaced / 
adjusted are all available and maintenance jobs are 
carried out as planned. 

Manpower required for the planned maintenance 
can also be planned in detail. 

8.9 Outsourcing Maintenance and Repairs 
These days it is not always necessary for the Works 
to keep its own staff for maintenance and repairs. 
Suppliers also take responsibility of maintenance 
against 'annual service contracts'. This is particularly 
true of machines like compressors, blowers, air 
conditioners and computers. 

It is also true of 'process control and automation'. 
A new class of experts is available like 'hardware and 
software' engineers who take annual contracts and 
reduce Works' own permanent staff. 
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8.10 Knowledge Workers 
'Knowledge workers' is how the operating staff in 
today's cement plant would be described. 

Computers can serve as diagnostic tools. They can, 
not only analyse what is wrong and where and how 
much (deviations from normal conditions) but also help 
in arriving at a solution. 

'Simulation programmes' are good training tools for 
the staff to get acquainted with the process and 
operating conditions and to judge actual conditions by 
comparing them with optimum / ideal conditions. 

A plant does not require 'millers' and 'burners' now. 
It needs 'process experts' in grinding and in burning 
and combustion processes. 

It needs 'chemists' who are experts not only in 
analysing samples of limestone, clinker, cement etc., 
but also in understanding the influence of various 
parameters like hydraulic modulii, silica and iron ratios; 
influence ofC3S, C2S, etc., on quality of cement. With 
this knowledge they can better control the constituents 
and blending operations. 

The 'know why' of the process and operation makes 
for better understanding of operation and hence it is 
easy to run a plant at optimum levels with minimum 
manpower. 

8.11 Marketing 
Marketing has assumed the greatest importance in 
present days of 'Free competition'. Decisions are 
required to be taken in : 

1. Selecting / targeting markets. 

2. Assessing likely share of that market. 

3. Steps to be taken to achieve the targets such as: 

(i) Advertising. 

(ii) Appointing Dealers and Stockists. 

(iii) Selling directly. or 

(iv) all of these. 

Selling costs are incurred for all these activities and 
take away profits. 

Decisions are required to be taken as regards 
'Distribution net work' , and modes of reaching market
by rail/road. 

Whether to have one's own fleet of trucks / special 
railway wagons or hire them is to be decided. 
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Quantum of commission to dealers, and credit 
period to be allowed are to be decided. 

Communication net work is to be established, so 
that company's presence is felt all over in the market 
and potential customers can be easily contacted and 
orders processed and executed promptly. 

In the situation where Supply exceeds Demand, 
crux is to supply quality cement at a given time and 
place in required quantities at a competitive price before 
any body else. 

If a company can also furnish 'after sales services' 
so much the better. 

Computers have proved to be a very useful tool in 
the marketing organization and have brought down the 
sales force. 

8.12 Financing and Accounting Services 
Financing and Accounting, has also been greatly 
assisted by computers and computer systems. Thus a 
plant should be making maximum use of computers 
and Information Technologies and advances in 
communications to reduce manpower. 

8.13 Casual labour I Contract Labour 
Large cement plants are subject to jurisdiction of 
'wage tribunals' and are required to pay minimum 
wages and perks according to the stipulations that are 
in force at any given time. 

With growing reliability of plant and machinery, with 
the developments in monitoring the health of the plant 
and above all with the reliability and accuracy and 
maintainability of the process control and automation, 
the need to depend on 'variable and error prone' human 
judgment is reduced greatly. 

Even then workers are still required now and then 
to do jobs (though largely assisted by machines) like 
loading / unloading of wagons and trucks; brick laying; 
grinding media loading / grading; for house keeping 
and for shifting and lifting heavy machinery. Periodic 
housekeeping over and above regular one also requires 
labour force. 

8.13.1 Casual labour 
Managements prefer to use either 'contract labour' 
or 'casual labour' for these purposes, remaining within 
the framework of rates and perks laid down by 
concerned State and Central departments/ Tribunals. 

Casual Labour as the name suggests is 'need
based' requirements of additional work force for mostly 
unskilled work. Casual labour is hired on 'daily wages' 
basis by recruiting at the gate from among the job 
seekers who gather at the gate every day. 

When hired, these labourers are directed to the 
supervisor who has filled in the requisition for work on 
that day. Even hiring casual labour should be 'planned' 
for according to the maintenance and operational 
schedules prepared in advance. There has to be a 
'protocol' laying down procedure for engaging the 
labour. 

Over a period of time, daily requirement of casual 
labour becomes evident and casual labour can then be 
ordered on that basis. 

However, when the situation indicates that casual 
labour is regularly required in certain departments, then 
the manning in that department should be scrutinized 
once again and revised. 

8.13.2 Contract Labour 
Where as casual labour could be recruited directly, 
Contract labour would be supplied by a 'labour 
contractor' on some long-term understanding. In this 
category would fall semi-skilled labour used to load 
trucks, trailers, wagons with cement bags (with and 
without assistance of truck and wagon loading 
machines) and unloading of wagons. 

The request of contract labour for this purposes 
reduces by half when truck and wagon loading 
machines are used. If a wagon tippler is installed, labour 
for unloading wagons would not be required. 

8.13.3 Labour for Housekeeping 
One regularly irregular requirement is for labour for 
'house keeping'. 

The plant buildings, control room, offices, etc., can 
be kept clean by using industrial vacuum cleaners. 
They are particularly useful to collect cement spilled 
on loading platforms. Cement so collected can be 
returned to silo for reuse. 

It is more difficult to deal with spillages of granular 
materials, crushed stone etc., spillages occur at transfer 
points of conveying systems and if not cleared regularly 
result in build up of piles that may reach the belt itself. 



'Chronic' location of spillages must of course be 
examined from engineering point and corrective action 
taken. Spillage is also required to be cleared when jams 
are cleared from bins and hoppers. As has been 
mentioned earlier, some of this material can be very 
hot and dangerous to handle. 

8.14 Contract Jobs 
Some jobs like brick lining in kiln. cooler. preheater, 
have to be done periodically. In earlier days, brick 
laying was carried out under the supervision of the 
plant's civil engineer and was mainly manual. 

With kilns becoming large, (albeit not so large 
because of calciner), fork lift trucks carrying brick loads 
can go right into the kiln and can also bring out removed 
bricks. 

However, the total brick-laying job can be given on 
contract to outside parties with the plant personnel 
requiring only to supervise the quality of workmanship. 

Similarly, repairs and overhaul of diesel engines, 
compressors etc., can be given on contract. 

8.14.1 
Thus, the plant may not be using much labour force 
directly, but it adds to salaries and wages when such 
indirect use of labour is also resorted to. 

Managements should then look into the various 
aspects mentioned above and reassess the requirements 
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of direct and indirect labour force taking into account 
facilities available at the site of the plant. 

8.15 Manpower for a Million ton 
Per Year to Plant 

For illustrative purposes requirement of manpower for 
a 1 mtpa capacity Cement Plant has been shown in 
Table 8.1. Workforce has been divided into 
6 categories : 

1. Managerial (senior executives). 
2. Senior Officers. 
3. Middle level officers. 
4. Junior Officers / Skilled Workers. 
5. Semi Skilled Workers. 
6. Unskilled Workers. 

Table 8.1 shows Workforce for Mines, Plant 
operation, Maintenance, Administration, and Staff in 
Head Office. It is a summary of detailed break up 
department wise and category wise. The Organisational 
Chart presented in Fig. 8.1 would be the basis of such 
an exercise. 

This summary could be used to arrive at monthly 
or annual bill of Salaries and Wages which form part 
of Fixed Costs of Production. It will also be useful in 
deciding allocation of housing facilities in Company's 
Housing Colony. 

Table 8.1 Summary of estimated manpower department and category 
wise for a 1 mtpa capacity cement plant. 

category Section of plant 
mines Plant Plant Plant Head Total 

operation maintenance Admin. office 
finance 

Managerial 2 4 3 4 4 18 
Senior officers 3 12 6 8 10 39 

Middle level 6 15 12 15 20 68 
Jr. executives 
Junior officersl 12 50 20 20 15 117 
Skilled workers 

Semiskilled 15 30 15 - - 60 
workers 
Unskilled 10 20 10 5 5 50 
workers 

total 48 131 66 52 54 352 

For illustrative purpose only 
This Table could be used to workout Salaries and Wages which form part of Fixed Costs 
It will also be useful to decide allocation of houses in Company's Colony. 



CHAPTER 9 

9.1 Implementation Schedule 
It is necessary to work out first a broad 'implementation 
schedule' at TEFS stage based on the historical data like: 

1. Delivery periods of major machinery. 

2. Civil construction period. 

3. Erection and Commissioning periods. 

To this also needs to be added period beginning 
with the TEFS and ending with placing orders for main 
machinery and auxiliaries. This period itself can be 
sometimes as long as 6-8 months. 

9.2 Project Monitoring 
As the project progresses and detailing is taken up, 
activities are broken down in small steps and time 
factors for each are assessed. 

Many activities 'dovetail' into each other so that 
the time for completion is not an arithmetic addition of 
time taken by individual activities. 

'Project Monitoring' is a multi-dimensional activity 
and a 'live' one. It is of great importance to : 

1. Complete the project on time. 

2. To monitor costs of project. 

3. To monitor availability of funds for the project. 

Machinery should be ordered taking into account, 
the delivery periods and knowing when it would be 
required at site. 

For example - Motors and Gearboxes are required 
to be installed after the machinery is erected. Their 
periods of delivery are however short. 

Hence even when the specifications and numbers 
have been frozen, smaller motors and gearboxes could 
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be ordered much later thereby avoiding locking of 
funds. 
See Fig. 9.3. 

9.3 Tools for Monitoring 
Monitoring can be done by the Management with the 
help of computers. They may also engage Consultants 
who have devised special software for the purpose. 
In the past Managements used : 

l. Bar charts. 

2. Critical path methods. 

Now, computers can be used to monitor each and 
every activity and present to the Management update 
of progress and also sound alarms for actions not taken 
at specified dates and point out likely delays in the 
completion of the specific jobs. Re-scheduling can also 
be done with ease. 

Works and Head Office can send and receive files 
and bar charts on computer and can co-ordinate with 
Consultants and Contractors for ensuring smooth 
progress. 

They can co-ordinate with Finance department to 
whom they have given requirements of 'cash flow' 
and ensure that funds are available for paying advances, 
progress payments etc., as agreed upon with respective 
vendors. 

9.4 Project Implementation Schedules 
Project Implementation Schedules are required to be 
obtained from: 

1. Main Consultants for 

(a) TEFS 



(b) Detailed engineering - for inquiry 
specifications and for floating inquiries, 
evaluating offers and for placing orders. 

(c) Flow sheet and General Layout drawings. 

(d) Departmental drawings, fabrication and 
utilities drawings 

2. Suppliers for 

(a) General arrangement drawings of 
machines. 

(b) Foundations drawings and load data. 

(c) Departmental drawings. 

(d) Specifications of bought outs in their 
departments. 

(e) Sizes and layout of ductings, chutes, pipes, 
hoppers and bins. 

(0 refractories and insulation and lagging. 

3. Civil Designers & Consultants for 

(a) Civil design drawings for construction. 

(b) Floating enquiries for appointing Civil 
Contractors. 

(c) Appointing Contractors. 

(d) Load bearing capacity of soil and other 
tests. 

4. Civil Contractors for Construction schedule. 

5. Erection Contractors for Erection schedule. 

6. Geological & Mining Consultants for 

(a) Preliminary investigations and for detailed 
investigation. 

(b) Mining Plan. 

(c) For making available representative samples 
for carrying out various tests on them for 
sizing and selection of machinery. 

7. Commissioning Contractors / Suppliers for 

(a) Carrying out no load runs and dry runs. 

(b) Running up to capacity. 

(c) performance trial/so 

9.5 Integrating Different Schedules 
A concise bar chart is prepared at TEFS stage showing 
above mentioned activities in brief. This chart is then 
converted into a number of separate charts for 
individual activities when the project is taken up for 
execution. 

See specimen bar charts attached. 
Figs. 9.1 to 9.4. 
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Same charts can be used for regular follow up if 
put into computer. In Figs. 9.1 to 9.4, bottom blank 
bars are meant to be used to mark actual progress. 

Computer printouts can be designed to high light 
deviations and also predict delays in project completion 
on their account. 

It is a fast tool in the hands of the project team to 
monitor a project. Weekly / Monthly summaries with 
deviations and recommendations for actions to be taken 
can be submitted to the Management to enable them 
to take up the necessary corrective steps and to give 
advance notice for funds. 

9.6 Funds Management 
Funds Management will be a very important aspect of 
project implementation schedule. It takes into account: 

1. Estimated project costs. 

2. Funds classification - own, public issue and 
loans from Financial Institutions. 

Interest rates may be fixed or floating; interest 
charges should be kept to a minimum, and this can be 
done by drawing funds as and when required according 
to the progress of the project rather than as per any 
fixed schedule. Even Financial Institutions would ask 
for progress reports while advancing funds. Working 
out 'Cash Flow' would be a necessary patt of funds 
Management. 

A typical statement of requirements and funds and 
possible sources is shown in Table 9.1. 

Table 9.1 

Funds - Required 
Month Projected 

Rs million 
January 50 own 
February 50 own 
March 100 equity 
April 400 Loan in three 
May 600 installments 
June 500 
July 500 Own 

August 500 equity 

September 300 

3000 
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debt / equity ratio - 1: 1 

Therefore, own funds and 

equity 

Loan 

= Rs 1500 million 

= Rs 1500 million 

The loan could be arranged to be available half way 
through the project in 3 installments as shown there in. 

Loan repayment schedule has also to be drawn in 
consultation with Financial Institutions and adhered to. 

9.6.1 Working Capital 
Plant needs 'Working Capital' to start and operate the 
plant till such time as it generates its own funds from 
proceeds of Sales and becomes self sufficient. 

This should also be programmed to be available for 
the start of the plant in right amounts. 'Working Capital' 
is worked out in the manner explained in Chapter 12 
on Capital Costs of the Project. Project implementation 
schedule should see to it that it is available according 
to the programme for starting of the plant. 

9.7 Managing Cash Flow 
Government Institutions like Electricity Board, 
Railways would have to be paid large funds for 
transmission lines, railway siding, etc. 'Cash flow' 
statements should include such funds also and ensure 
that they are available when required. 
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Fig. 9.1 Part1-Preliminary Activities 

Overall Project Implementation Schedule 

Months 
o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

o Obtain Mining lease 

o 

o 

o Receive Clearance 

o 



SINo. ~ 16 

17 Dvelopment of of mines 

18 Detailed engineering & drawings 

19 Appoinment of civil construction 
contractor 
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29 Commissioning trials 

30 Commercial production begins 

Fig. 9.2 Part 2 - Execution. 
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Fig. 9.3 Schedule for ordering machinery. 
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CHAPTER 10 

10.1 Erection of Plant and Machinery 
Erection of machinery is an important activity prior to 
the plant commencing production. 

Erection signifies all those activities, which conclude 
in placing and fixing various machines and their drives 

on their foundations / base plates and connecting them 
up with one another through chutes, ducts and to 
hoppers. It includes where required insulation and 
lagging and brick lining. It includes connecting 
machines with power so that they are ready to run. 

At the end of erection, machinery is ready for going 
on stream and for production. 

10.1.1 Erection of Electrical Equipment 
In case of 'Electricals', it includes beginning with grid 

substation and ending with drives and instrumentations, 
- all activities, such as installation of Transformers, bus 
bars, laying of cables, HT, LT Boards, MCCS, starters 
and connecting them to respective drives through 
cables/wires of appropriate sizes so that when switched 
on, various drives are ready to drive machinery 
connected to them. 

It includes installing field sensors for 
Instrumentations and Control, Sampling Systems, 
sample conveying systems, laying power and 
instrumentation cables to respective panels and 
instrumentation and control panels, program logic 
controllers and PCs. 

It includes installation of X-ray analyzer and PCs 
in different sections as per design so that when 
switched on, it is ready to monitor the operation. 
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10.2 
In short 'Erection' is an all-encompassing 
multidisciplinary activity, which results in the plant being 
got ready for starting production. 

There are three distinct disciplines: 

1. Erection of machinery and connecting them with 
one another to be able to process materials. 

2. Erection of drives and power distribution system. 

3. Instrumentation and process and quality control. 

10.3 Organisation for Erection 
Generally speaking -

1. 'Erection' is given on contract to experienced 
and well equipped erection contractors in these 
three disciplines. 

2. Suppliers of machinery and equipment provide 
personnel who undertake 'supervision' of 
erection of their machinery and ensure that it is 
done according to the specifications laid down 
in respective erection manuals. 

Most certainly, suppliers would insist that erection 
should be carried out under their Supervision and should 
be certified by them. 

The Company provides co-ordination between 
Suppliers' supervisors and Erection Contractors and 
sees to it that erection goes according to plan and is 
completed on schedule. 

Company's Executives also do overall supervision 
to see that erection is completed to theirs and Suppliers' 
satisfaction. 
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In case of Instrumentation and Process Control, 
including PLCs, PCs, many Suppliers undertake to do 
erection, wiring, connections, etc., themselves thus a 
separate agency for supervising erection may not be 
required. 

10.4 Erection on Contract 
When given on 'Contract', Company takes 
responsibility to see that: 

1. Various civil structures and foundations are ready 
for installing machinery with suitable markings 
of centre lines and levels. 

2. Machineries are available and are complete and 
that erection can be carried out in correct 
sequence. 

3. Fabrication contractors provide, chutes, ducts, 
hoppers, platforms, etc., in sequence well before 
they are required for erection. 

4. Stores and consumables and basic facilities like, 
access roads, and electric power are available. 

5. Facilities for handling lifting and shifting heavy 
machinery are adequately available as and when 
required (when it is not the responsibility of 
erection contractors). 

10.4.1 Contractor's Responsibilities 
'Contractors' would take responsibility for: 

(i) Providing skilled / semi-skilled and unskilled 
labour force for handling and shifting and lifting 
and erecting machinery. 

(ii) Providing tools and tackles, like cranes, chain 
blocks,jacks and all and sundries like wire ropes 
as also sleepers, trailers and trolleys required 
for erection. They may also bring in their own 
heavy duty cranes and hoists. 

They must co-ordinate with Suppliers and find out 
the heaviest weight and the largest piece of machinery 
that they need to handle and equip themselves with 
the tools / cranes hoists of adequate capacity as and 
when required. 

10.4.2 Tools and Tackles for Erection 
Erection contractors must also equip themselves with 
tools and instruments required for alignment, like piano 
wires, plumbs, spirit levels of different accuracies, 
theodolites, laser beams; dial gauge indicators, feeler 

gauges, calipers, micrometers, and so on and also 
copper shims and machined plates and wedges of 
various thickness for alignment. They would also 
require welding sets, gas-cutting equipments at site. 

In case of 'overhead' cabling, contractors may 
undertake to make and install trestles and cable 
platforms as per drawings or alternately these could 
be made by a separate fabricator contractor and 
installed for laying cables. 

10.5 Erection is a Coordinated Activity 
Thus considerable co-ordination is required so that 
various pieces of equipment are available and are 
inspected; 

basic work like cable trenches or trestles, cable 
gantries and cable trays are available : 

all stores like materials for cable jointing, earthing, 
splicing, and insulation are available. 

10.5.1 Company's Role 
The company would probably give the responsibility 
from its side to one of its experienced Senior Executives 
say a General or a Deputy General Manager. Several 
Managers in disciplines like machinery, fabrication, 
electrical and instrumentation in tum would assist him. 

These broad disciplines would then be sub-divided 
into sections like: 

(i) Crusher and Auxiliaries. 

(ii) Raw Mill and Auxiliaries. 

(iii) Kiln, Preheater, Cooler and Auxiliaries. 

(iv) Coal Mill and Auxiliaries. 

(v) Cement Mill. 

A sub-section may also be worthwhile for material 
handling equipment like belt conveyors, chain, and deep 
bucket conveyor and for Dust Collectors and ESPs. 

The activities and responsibilities of various agencies 
need to be 'dovetailed' so that total time of erection is 
kept to a minimum by carrying out to the extent possible 
activities in different disciplines, simultaneously. 

10.6 Erection Schedule 
An 'erection schedule' is prepared which would give: 

Overall erection programme showing beginning and 
completion of erection. 

Section-wise detailed programmes. 



Synchronization with civil and other activities is 
necessary so that their activities are completed in a 
sequence that will ensure taking up of erection work. 

10.7 Progress of Erection 
Erection will seldom wait till civil work ofthe building 
is completed. For example, in a preheater tower, the 
erection of cyclones would commence when 2/3 floors 
are completed and then completed progressively as 
construction of tower is completed. 

Bed plates can be raised and placed on kiln piers 
as soon as each pier is ready. 

10.8 Erection Drawings and Data 
Suppliers must furnish 'erection drawings' which will 
furnish full data on centre lines, heights of centres, 
foundation bolts, grouting margins and 'erection and 
expansion' tolerances. 

Generally, machined plates are embedded in faces 
of foundations to install bed plates or jacking devices 
for leveling. 

First, half grouting is done when machines are 
positioned and aligned. 

Fine tuning is done and grouting is completed using 
special shrink proof compounds. 

Each machine would have its special requirements 
for alignment, leveling, expansion, locating, and for 
facial and diameter 'outs'. Suppliers must make these 
available to the erection contractor and erection finally 
checked with them after completion. 

10.9 Fabrication and Erection of 
Chutes and Ducts 

Once main machines are in their place, connecting 
dampers, gates, chutes and platforms can be erected 
and linked. 

Large ducts may need sizeable supporting 
structures. Expansion joints would be required and 
should be suitably supported. 

Fabricator contractors must manufacture these 
items according to drawings so that they are available 
well before they are to be taken up for erection. 

Supporting structures and platforms must be ready 
and erected to receive ducts, dampers, expansion joints, 
etc. 
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Long lengths of ducts are made in straight pieces 
of convenient lengths. Flanges are made in pairs and 
generally supplied one fixed and one loose. 

Flange joints and ducting must be carefully aligned 
so that there is no leakage at them, asbestos packing 
is used to prevent leakages. 

Expansion joints and flanges there of are also to be 
aligned carefully so that there is no stress on the joints 
that would result in their cracking. 

Joints must be carefully supported so that there is 
no hindrance for designed expansion nor do the joints 
take load. 

10.10 Completion of Erection 
Erection is complete when machinery rotates freely 
and moves freely by hand and later by power and that 
tolerances are within limits in all positions of the 
machine. 

'Dry runs' is an important part of erection in which 
machinery erected is turned on power empty with of 
course necessary lubricants. 

'Dry runs' will bring out: 

1. Misalignments. 

2. Vibrations. 

3. Tight or loose bolts. 

4. Over heating of bearings. 

5. Leakages in oil and water pipe lines and even 
air leakages when fans are running. 

These defects would be corrected before machines 
are fed with load or material. 

10.11 Brick Lining and Insulation and Lagging 
Brick lining is a major activity in the erection of kiln, 
cooler, calciner, preheater and connecting ducts which 
carry hot gases. 

Brick lining will include: 

1. Refractories - basic and alumina bricks. 

2. Insulating bricks 1 blocks. 

3. Castables. 

4. Suitable mortars. 

5. Retaining rings to hold bricks; these should 
be welded in place as shown in drawings 
given by Suppliers in kiln, cyclones, ducting, 
etc. 
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Insulating bricks and blocks require bolts to hold 
them in place. These may be MS or Stainless Steel 
according to temperatures they are subject to. 
'Castables' need specially designed anchors to hold 
the castable. 

Anchors are welded to casings ducts, shells of kiln. 
Castables, need great care in pouring, vibrating for 
consolidation and in curing. Heat generated during is 
to be taken away by using chilled water. 

While main Suppliers will indicate quality and 
thickness of lining, details may be worked out either 
by Suppliers of bricks or Consultants who would make 
'brick drawings' for procurement. 

For large plants, brick lining is a massive job, 
requiring handling of thousands of tons of bricks , lifting 
them to various levels, laying them in position. It would 
require scaffolding to be made for supporting men and 
materials inside cyclones, ducts, etc. 

In case of kiln, kiln needs to be rotated and bricks 
laid in position with the help of jacks, etc. Bricks are 

generally supplied from burners' platform. Thus for 
kilns of 60 m length, bricks have to be taken inside 
over a distance of 60 m. For large kilns, fork lift trucks 
are used to take brick loads in the kiln; other devices 
like portable belts could also be used. 

Hoist and may be lift (if ready) will used to lift 
refractories in a preheater tower. 

Nowadays ISO Standards are followed in 
dimensioning bricks. Even then, in a kiln, 2 types of 
bricks are used with different angles for better grip 
and stability. 

All hot ducts and bag filters and esps and also gas 
conditioning tower need to be insulated and lagged for 
conserving heat in ducts and to maintain skin 
temperature of casings of bag filters and esps and gct 
above dew point. 

This also is a sizeable job and erection is complete 
in true sense when it is carried out. Insulation and 
aluminium cladding is generally given on contract. 



CHAPTER 11 

11.1 Commissioning 
This is the last phase of the Cement Plant Project. It 
begins with 'dry runs' of individual and groups of 
machineries and ends with the stabilization of the plant 
and achieving desired / rated / guaranteed outputs and 
other parameters like specific fuel consumption, 
specific power consumption, etc. 

Erection ends when 'dry runs' or no load trials are 
successful. Commissioning begins there. 

Dry individual runs are followed by 'no load' trials 
of groups of machines in a section or in a department. 

11.2 No Load Trials 
'No load' trials are preparatory to feeding the machines 
with materials and gases they are supposed to handle 
and process. 

They are essential in that they bring out faults in 
alignment and erection. They give an opportunity for 
testing machines for several hours to see if there are 
any unusual noises and vibrations, whether bearings 
are running hot, whether cooling water is adequate 
and the degree to which it is heated. 

They also bring out faults in alignments of belt 
conveyors, whether belting tends to run on one side -
belt tensions, V belt tensions and alignments. In short 
they help in getting ready the machinery in a section 
to receive load for processing. 

Advantage should be taken of 'no load' trials to 
note and record 'no load currents' of major drives like 
mills, kilns, fans, etc. 

In 'no load' trials mills and kilns are checked for 
alignments in all directions - radial, facial, levels, etc. 
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The gears are 'run in' and impressions are taken of 
gear / pinion contact by applying colour / ink on teeth 
and taking impressions on paper, cello tape, etc. 

If the contact is not adequate, then the gears are 
'run in' by applying 'emery paste and oil' on gear / 
pinion teeth, so that in running high spots are rubbed 
out. This is true also of kiln gear. 

11.3 Running in of Mills 
The mills are 'loaded' gradually. If the design load at 
rated capacity is 100%, then mill is run with say 15%, 
25%,50%, 75%, 90% loads of grinding media with 
corresponding, material and gas flows in the system. 
This step by step 'running in' procedure helps in getting 
good 'seating' of main bearings and gear drive and 
must be followed though number of steps could be 
reduced. 

11.4 Sequence of Commissioning 
When a mill is fed with materials, it is also necessary 
to see that the material is carried off to its storage like : 

Raw Meal from raw mill to Blending Silo. 

Fine Coal from coal mill to fine coal Hopper. 

Cement from Cement mill to Cement Storage Silos. 

It is therefore necessary to get ready the following 
section first. That is for running the raw mill, the 
pneumatic conveying equipment and the blending / 
storages silos should be ready in all respects to receive 
the ground raw meal and blend it. This rule will apply 
to all sections. 

11.4.1 Sequence in Crushing 
In crushing and stock piling sections, the sequence 
would be as shown in Fig. 11.1. 
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A 
B 

05 0 7 
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A - Feed to crusher 
B - Crusher 
C - Stacker reclaimer 

A and stacker of C should be ready 
before commissioning B - Crusher 

11 

_----:1--'-4 ___ ) 

16 to raw mill.--

1 Ramp above crusher 

4 Hopper under apron feeder 

7 Short belt under crusher 

2 Crusher hopper 

5 Belt for spillage 

3 Apron feeder 

6 Crusher 

10 Fan 
8 Belt to stacker reclaimer 

11 Stacker belt 
9 Dust collector 

12 Stacker 

13,14 Stock piles 15 Reclaimer 16 Belt to raw mill hopper 

Fig. 11.1 Commissioning of crushing and stock pilling sections; single stage crusher and 
stacker reclaimer system. 

Stacker system (C) should be got ready to receive 
crushed stone from the crusher. Crusher ramp and 
hopper and apron feeder (A) should be got ready to 
feed crusher. In tum quarry face from which run off 
mine stone would be brought to crusher should be in a 
position to supply stone. In crusher house (B), belts 
after crusher taking stone to stacker belt should be 
ready. 

Venting system to clean gases should also be ready 
before stone is fed to crusher. 

Reclaimer system should then be got ready to send 
stone to mill hoppers 

11.4.2 Sequence in Raw Mill 
In a raw mill section various groups of machinery would 
be commissioned in the sequence shown. 
See Fig. 11.2. 

A 'hot gas generator' would be necessary when 
starting from cold when hot gases from kiln are not 
available for drying. Such a generator would have been 

included in the project. A similar (smaller) generator 
would also be required for Coal Mill. 

11.4.2 Sequence in Kiln 
In pyroprocessing or clinkering section, preceding 
sections like blending and kiln feed and dust collectIon 
system should be ready ahead of commissioning of 
kiln; following sections like clinker conveyor and clinker 
storage should also be ready simultaneously. 
See Fig. 11.3. 

11.5 Checks After Partial Load Trials 
It would be a good idea to inspect the machinery after 
partial load trials are taken to make sure that : 

1. Seatings of bearings, gears are as they should 
be. 

2. Lubricant supply and oil scrapers working 
satisfactorily. 

3. There are no vibrations. 

4. Bearings are not running hot. 
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Hot gas generator ::l 
5. . 

L ~aw Mi'I~~-. -tJ.:::2'-11--'----L 

3 Air lift 

1 ,2 Blending silo & air lift 

3 Raw mill & auxiliaries 

4 Raw mill hoppers, belt feeders & belt to mill 

5 Hot gas generator 

To start Raw mill, sections 1 - blending & 2 

Air lift feeding blending to be ready first 

Mill section with auxiliaries to be ready next 

Mill cannot be commissioned till,5,4,2 & 1 are ready 

Fig. 11.2 Commissioning - raw mill section. 

5. There are no unusual noises. 

6. Alignments of mill surfaces like head flanges, 

gears are within limits in all positions. 

7. Kiln keeps contact with all rollers at all times. 

11.6 Preheating of Refractory 
Machinery which has been lined with refractory needs 

to follow a step by step procedure of drying the 
refractory and preheating it slowly to get it ready to 

withstand the temperatures to which it would be 

exposed during actual operation. 

Refractory manufacturers would supply detailed 

instructions on laying as well as subsequent drying and 

preheating operations. It may take 2-3 days or longer 

to do this for the first time as temperatures inside kiln, 

preheater etc., are raised gradually to avoid thermal 

shocks. 

It is also desirable that in the process of drying and 

preheating, power supply is continuous so that there 

are no long interruptions in the process and kiln runs 

continuously and bricks are heated evenly. 

In this period burners are run in 'turned down' 

position. Burners should therefore be selected to have 
a good 'tum down ratio'. 

Initial drying and preheating can also be done more 

conveniently with the help of oil burners. Hence in the 

project on oil burner of requisite capacity should be 

included for the purpose. 

Temperature can be raised after initial preheating 

by starting coal firing again following Suppliers' 

instructions step by step. This procedure is of great 

importance for first lighting up when bricks / castables 

are freshly laid. 
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a. Kiln feed and clinker storages to be ready first 

c. Coal mill and coal firing sections to be 
ready simultaneously 

1 Blending & kiln feed section 

3 Kiln section beginning with preheater fan 
ending with grate cooler 

Fig. 11.3 Commissioning of kiln section. 

Subsequently, if there are long shutdowns, 
refractories should be again preheated slowly in a 
similar fashion but then it can take a much shorter 
time. 

11.7 Commissioning Manuals 
Before taking up commission it is necessary to collect 
Suppliers' manuals for commissioning. These should 
be studied and machinery should be commissioned 
following instructions given there in. 

Notes on observations, abnormalities, etc., during 
commissioning should be made and brought to the 
attention of Suppliers' representatives. 

11.8 Supplier's Supervision 
If Suppliers have taken responsibilities for performance 
(capacity, power, fuel, etc.) they would insist on 
machinery being erected and commissioned under their 
supervision. 

Plant authorities should provide all facilities to the 
erection / commissioning personnel. These may include 
besides, electrical power and fuel, raw materials and 
manpower also. 

Some Suppliers take responsibility for training the 
plant operating personnel at different levels in different 
disciplines. 

b. Gas treatment to be ready next 

d. Kiln, preheater, calciner and cooler to ready next 

2 Dust collector section 

4 Clinker conveyor & clinker storage 

Plant authorities should plan for such training well 
in advance so that 'trained' personnel of requisite 
educational and working experience are available for 
the commissioning of the plant. 

They should actively associate themselves with the 
actual commissioning so that they get 'hands on' job 
training during commissioning. 

11.10 Bringing Plant up to Rated Capacity 
The various sections of the plant should be gradually 
brought up to their respective rated capacities. 

It means that the plant has planned in advance and 
has arranged for uninterrupted supply of : 

1. Raw materials of stipulated quality and physical 
and chemical properties and in requisite 
quantities. 

2. Fuel of quality, assumed in the design. 

3. Power supply, including captive power plant. 

4. Manpower. 

In the running of the plant to rated capacity record 
must be kept of operational parameters and they should 
be checked and compared with designed parameters 
for the respective rates of feed. 

Significant deviations should be noted and brought 
to be attention of Suppliers. 



On their part Suppliers should also point out 
deviations in properties of materials, fuel actually 
supplied as compared to the properties on which design 
performance was based. 

11.10 Performace Trials 
Once a section has been stabilized and has been running 
continuously, a performance trial can be taken on that 
section to prove its performance according to 
guarantees taken by Suppliers. 

Primarily it is the responsibility of Plant Authorities 
to ensure that raw materials and fuel as per design 
specifications are available for proving the 
performance. The deviation in performance if any, 
cannot then be attributed to the raw materials and fuel. 

11.10.1 Protocol for Conducting Trials 
A 'protocol' or procedure for conducting the trials 
should be worked out jointly by Plant Authorities and 
Suppliers. This procedure will include inter alia: 

For raw mills and coal mills 

(i) Size of feed. 

(ii) Product fineness. 

(iii) Moisture to be dried. 

(iv) Grindability of materials. 

(v) Capacity guaranted in tph at specified 
fineness. 

(vi) Specific power consumption. 

(vii) Specific gas volume. 

Commissioning 57 

(viii) Ash content and its particle size. 

(ix) Silica content and its particle size. 

For kiln section 
Raw mix feed to the kiln should be as per 
representative samples tested and raw mix arrived at 
that would satisfy norms like LSF, SM AM etc. Clinker 
to be produced, litre weight, free lime, C3S, C2S etc. 

Fuel to be used - its useful calorific value/ moisture/ 
fineness and ash content. 

The most important points on which agreement 
should be reached are with respect to how to establish 
outputs and fuel rates. 

It should be spelt out if installed feeders can be 
used to establish feed rates of raw meal and coal. 

Whether clinker output could be established by drop 
test/ or by using conversion factors or by silo 
measuments. There should be no ground for disputes. 

All pertinent factors should also be listed such as 
specific fuel consumption and specific power 
consumption. Facilities should be lined up to establish 
them. 

Results of performance trial/s should be recorded 
and signed by all the concerned parties. If trials are 
successful it is to the credit of all. Should there be a 
shortfall, concerned parties should get together and 
agree upon further cource of action. 

The earlier the performance is proved the better it 
is for all concerned. 



CHAPTER 12 

12.1 Capital Costs of the Project 
Techno-Economic Feasibility Study - furnishes 
Budgetary Capital Costs of the project and investment 
decisions are taken there upon after working out 
profitability, pay back period, and other financial ratios. 

The capital costs therefore should include all items 
large and small that make up the project costs. 

The prices should be either updated from earlier 
cost estimates or worked out especially for the project. 

It is best to leave the cost estimates to Consultants, 
who work regularly on Capital Costs Estimates for 
different projects of their clients. 

They have thus a 'data bank' from which pertinent 
information can be collected and collated intra 
extrapolated to build up the estimates. 

12.1.1 Suppliers Furnish Budgetary Prices 
Many machinery suppliers also furnish budgetary costs 
of plants of their design and supply when requested. 
In this they mayor may not include 'bought out items' 

But if specifically requested, they would include 
these along with machinery costs. Capital costs thus 
received would of course be pertinent to the plant of 
their design and sizing and the process flow charts 
normally followed by them. 

Machinery schedules corresponding to process flow 
charts of respective Sections should also be submitted 
so that the picture is complete and there is less chance 
of missing any items. 

12.1.2 Buildup of Project Costs by a 
Cement Company 

If Project Management of a Cement Company wish 
to build up the project costs themselves, they would 
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have to take first all the steps described earlier leading 
to selection of Process, types of machinery, capacities 
etc., at the selected site. 

They should generally approach three machinery 
suppliers to obtain competitive budgetary prices. 

The Suppliers may be asked to indicate broad 
specifications of bought outs and enquiries would have 
to be floated to the suppliers of bought outs to obtain 
budgetary prices from reputed suppliers. A list of 
motors and gearboxes can be made and enquiries 
floated to suppliers for obtaining these prices. 

All this work can take 2-3 months' time or even 
longer. Consultants may be able to work out budgetary 
prices in a shorter time because of their 'data banks' 
which they keep periodically updated. 

12.2 Civil Construction Costs 
One of the major item of costs are 'Civil Construction 
Costs'. Once the project machinery schedule has been 
built-up and capacities of machinery and their sizes 
are known, civil costs can be built up for an 'average 
location' with average load bearing capacity of soil 
and using known seismic and wind load factors for the 
region in which the project would be located. 

The costs can then be revised to allow for specific 
site conditions like: 

1. Low load bearing capacity - (Piling if required). 

2. Depth of foundations to reach rock surface. 

3. For large storages like blending and cement silos 
- raft areas to sustain loads of filled silos; for 
kiln piers total cubic content of piers and the 
loads coming on them- dead as well as operating. 

For cement machineries like ball mills, crushers, 
vertical mills and kilns - factors for static and dynamic 



loads are known and are more or less similar for all 
machinery manufacturers. These factors together with 
sizes of base plates are useful in arriving at size of 
foundations and their weights. 

12.2. 1 Empirical Methods of Working Out 
Civil Construction Costs 

Costs of building for preheater towers, mill houses, 
packing plants can be judged from the total area of the 
floors of the respective buildings. 

From such broad preliminary data, civil costs can 
be estimated. 
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Data Bank of old and completed projects are a very 
useful source both for consultants and managements. 
RBI indices for labour costs and data on prices of 
cement, steel for reinforcement and structural purposes 
come handy in working out changes in costs in the 
data bank and the date of the project. 

Costs of foundations are worked out separately and 
are included in the costs of Plant and Machinery (to 
avail of higher depreciation). 

12.3 Build up of Total Civil Construction Costs 
Table 12.1 illustrates build up of Civil construction 
costs for various factory and nonfactory bUildings. The 

Table 12.1 Illustrative work out of costs of Civil Construction. 

Type of Area Rate Estimated 
Sr.No. Description of building 

construction m2 Rs/m2 cost 
Rs milion 

1 Crusher ramp m" rubble 1120 550/m,j 0.62 
2 Crusher house rcc 2500 500 1.25 
3 Limestone storage rcc 1250 2200 2.75 
4 Raw mill house rcc 600 3300 1.98 
5 Blending and storage rcc 1000/ton 3.10 

Silos storage cap. 3100 t 
6 Kiln feed rcc 70 3300 0.23 
7 Preheaer tower rcc 750 4000 3.0 
8 Kiln piers rcc 800 3000 2.4 
9 Grate cooler rcc 600 3300 1.98 
10 Coal mill building rcc 400 3300 1.32 
11 Clinker conveyor and Steel and 1600 2200 3.52 

Clinker storage rcc 
12 Cement mill house rcc 750 3300 2.48 
13 Cement silos 4000 t rcc 1000/ton 4.0 
14 Packing plant Steel and rcc 400 2500 1.0 
15 Storages for clay, coal, gypsum Steel and rcc 2600 1300 3.38 
16 Compressor house rcc brick 350 2600 0.91 
17 Substation, h.t.and lot. board 600 3000 1.8 

Rooms, m.c.c. s, control room etc. 
18 Stores, workshops, garages rcc and brick 1800 2200 3.96 

Time office, laboratory, bags 
godown etc. 

19 Admin. Office, guest house, rcc and brick 900 2200 2.0 
Rest hall etc. 

20 Water tanks over head and rcc 650 2300 1.5 
underground 

21 Miscellaneous 2.5 

total 45.68 
say 46.0 
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Table 12.2 Civil construction costs are presented to F.Ls in the following form. 

Sr.No. Item Cost 
Rs million 

1 Factory buildings 15.63 
2 Silos and storages 16.75 
3 Godowns stores etc 3.96 
4 Admin, buildings 2.0 
5 Non factory buildings 2.71 
6 Miscellaneous 

7 Colony 

8 Architect's fees 

9 Railway siding* 

total 

Rounding off 

*when required. 

basis of costing, such as cost of cement, sand aggregate 
and steel is also generally stipulated. 

Overall costs are presented by regrouping as shown 
in Table 12.2. This format is approved by EI.s. 

12.4 Costs of Electrical Power 

Distribution System 

Electrical Consultants can similarly furnish costs of 
power distribution systems and process and automation 
and quality control equipment. 

12.5 Mining Equipment 

Costs of few machines involved in quarries like drills, 
compressors, shovels, dumpers, explosive, van, jeep, 
maintenance, tools, etc., can be obtained from 
respective suppliers of these machines, once sizes and 

capacities and numbers of various types of equipment 
is fixed taking into account lead from quarry faces to 
crusher. 

12.6 Costing of Major Machinery and 

Auxiliaries 
1. Crushing - Transport of crushed stone 
While crusher and immediate preceding and following 
auxiliaries could be the same for plants of a given size, 
differences would arise in equipment for transport of 

4.62 
10.0 

2.0 
5.0 

62.67 
63.0 

crushed stone depending on location of crusher vis-a
vis works and mode of transport. These would be 

peculiar to a project and should be allowed for 
specifically. 

2. Raw Mill 
Given type and size of mill and flow sheet, costs of 
mill and auxiliaries can be estimated with the help of 
Suppliers. 

Since this is quite costly, it would be a good idea to 
obtain the 'updated' costs from the suppliers. Even 
Consultants should do this, rather than depend on data 
bank. 

3. Blending & Kiln Feed 
Flow charts would show whether blending silos will 
be at ground level or raised to house aeration equipment 
and kiln feed system under them. Choice of kiln feed 
system, particularly weigh feeder / solid flow meter 
and airlift / bucket elevator would decide cost of this 
section. 

4. Preheater - Calciner - Kiln - Cooler 
Preheater costs would depend on: 

Number of streams (One or Two) and number of 
stages 5 or 6, apart from sizes of cyclones. 

Calciner costs are related to and depend on 
whether calciner is in line or off line. It is a fabricated 
volumetric machine. Knowing the volume of the 
calciner its size and cost be roughly estimated. 



In calciner costs should also be included, take off 
point from kiln /cooler dedusting chamber and TA duct 
and coal firing system for calciner. 

Kiln - knowing dimensions of kiln and number of 
supports, its weight can be roughly gauged and costing 
can be carried out. However it would be best to obtain 
price from Suppliers. Hydraulic thruster should be 
included for large kilns and also seals of latest design 
and throttle valve at inlet for one stream preheater. 

Cooler - Decision will have been taken whether 
cooler will have a static grate to start with or later. 

There is considerable difference in sizes of coolers 
with and without static grates and hence in costs. 

There are new designs like 'pendulum cooler' and 
'cross bar cooler'. They are much more expensive 
than conventional coolers and if these are to be 
included, prices must be ascertained thereof. 

There is also substantial difference in specifications 
of fans for cooling and vent air and should be finalized 
with the Supplier of the cooler. 

Layout would decide whether conveyor under 
cooler would carry total production or only spillage. It 
is advantageous to have spillage conveyor for the length 
of the cooler and a full product conveyor subsequently. 

5. Clinker storage and extraction 
Once type of storage and system of extraction are 
finalized, capital costs can be worked out. Provision 
must be kept for standby for clinker conveyor - better 
still, it should be included in capital costs. 

When plant is expanded there should be 
interchangeability between storage and conveyor 
systems of the two kilns and provisions would have to 
be made in capital costs for the same. 

If there is a possibility of selling /exporting clinker, 
provision should be made in capital costs for the 
necessary equipment. 
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6. Cement Mills 
Like raw mill, capital costs can be estimated once 
circuit, size and capacity are fixed. 

Cement Mills will be in closed circuit and with high 
efficiency separator, whether ball mill or vertical roller 
mill. 

Combination of Roller Press and Ball mill with high 
efficiency separator could also be considered 

7. Packing Plant 
High capacity - 100 / 200 tph capacity, electronic 
packing machine with two loading points would be most 
certainly used to suit the layout. 

Loading - Truck and Wagon loading machines 
would be used. Whole layout and number of machines 
would depend on proportions of rail, truck loading in 
bagged and bulk dispatches of cement. 

12.7 Data Banks of Prices of 
Machinery and Auxiliaries 

A consultant can build up a data bank of costs / prices 
of individual machines and auxiliaries for various 
capacities and update them progressively. 

For instance : 

1. Belt Conveyors can be included in Data Bank as 
shown in Table 12.3. 

2. Bucket elevators could be included in data bank 
similarly with reference to bucket size / casing 
size and heights of centres. 

In special category could fall bucket elevator 
for kiln feed which would require heights ranging 
between 50 to 100 metre centers. They would 
be belt bucket elevators. 

Table 12.3 Cost in Rs/metre 

Width mml 
Length in metres Description Troughing Angle 

0-10 I 10-30 
I 

50-100 
metres metres metres 

Cost in Rsl metre 
Horizontal belt 

Inclined belt with 
trestles 
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3. Costs of Quarry equipment can also be included 
in data bank. 
See Table 12.4. 

Table 12.4 Shovels 

bucket capacities in m3 

year 2.5m3 3m3 3.5m3 4.5m3 

Price in Rs 

I 

Dumpers 

Capacity in tons 

year 25 I 35 I 50 I 80 

Price in Rs 

4. Fans 

More difficult would be fans where volumes and static 
pressures and speeds all could vary. 

Therefore, Data Bank for f ans could be built up 
'application wise' like: 

(i) Cooling air Fans for grate cooler. 
See Table 12.5. 

(ii) Preheater Fans. 

(iii) 1.0. fans for cooler. 

(iv) Fans for bag filters 

Table 12.5 

Static pressure nm wg 
year 600 400 300 

capacity price capacity price capacity 
m3/min Rs m3/min Rs m3/min 

price 
Rs 

5. Bag filters can be put in data bank according to 
volume, and number of bags and type of bags. 

(i) Nylon - Polyester bags. 

(ii) Glass bags. 

12.7.1 Computer Helps in Data Banks 
With computer it is easy to add and update and also 
delete obsolete data. 

Data Bank must show - date, year - for which the 
price is shown. 

In times of urgency, the prices can be updated by a 
factor, taking into account rates of inflations for the last 
5 years or so. 

For example, if the last data on prices was 3 years 
old and rates of inflation in these three years were 
Projected price in 2003 based on these rates of inflation 
would be: 

1.05 x 1.04 x l.03 = l.12 times, i.e., 12 % increase 
over the price in year 2000. 
See Table 12.6. 

Table 12.6 

2000 2001 2002 

5% 4% 3% 

12.8 Taxes, Duties and Insurance 
In working out project costs and price buildup for plant 
and machinery, it is necessary to include the following 
costs also: 

1. Packing, forwarding. 

2. Freight and Insurance. 

3. Sales Tax - Central / State. 

4. Excise Duty. 

5. Unloading at site and octroi duty if any. 

6. VAT or any other taxes of individual States. 

It is not practical to do this exercise individually for 
each item of machinery. It is therefore done on an 
overall basis like adding a percentage to ex-works / 
f.o.r. price quoted by the vendor (If price quoted is f.o.r., 
then packing and forwarding need not be included). 



Local fabrication work does not attract tax in many 
States; Some States charge 'works contract' tax on 
such work. A Consultant has to acquaint himself with 
all such matters. 

12.9 Imported Machinery 
For imported machinery, prices quoted would be 
generally on FOB basis. To this are to be added ocean 
freight and insurance to arrive at its c.i.f. price. This 
price is to be paid in foreign currencies and should be 
recorded separately as such to arrive at the total 
foreign exchange required for the project. 

All imported prices would be subject to fluctuations 
in 'rates of exchange' up to a certain mutually agreed 
date between buyer and supplier. Project costs should 
provide insurance against such escalation separately. 

Customs duties on Imports vary from time to time 
and are different for different machinery. 

A group of machines imported for a 'Project" would 
normally be charged duties at lower rates. Consultants 
or entrepreneurs should obtain updated rates of customs 
duties under various categories. 
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12.10 Fluctuations in Rates of 
Taxes and Duties 

The taxes and duties, and also freight rates vary from 
time to time. Some items of machinery attract special 
taxes and duties and should be segregated so that this 
tax is not omitted. 

Special rate of 5% import duty is applicable under 
EPCG against export of the product manufactured by 
the Company within a specified time. 

12.11 Machinery Wise and Department Wise 
Buildup of Total Taxes and Duties 

Hence two statements would be necessary in building 
up capital costs. 

First showing for different categories of machinery 
taxes and duties they attract as shown in Table 12.7. 

The second statement would be to workout average 
factor for a section of Cement plant as shown in 
Table 12.8. 

Table 12.7 

Price ex Packing & 
Freight Total 

works forwarding Excise Sales tax Octroi I Customs Description 
In million 

& duty Unloading duty others 

Rs 
insurance 

% % % % % % % % 

Earth moving 

Roller Mill 

Crusher 

Conveyor 

Elevators 

Packing 
machine 

Compressor 

Fan 

Motors 

Transformers 

Grinding 
media 

Items included above are only indicative. 
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Table 12.8 

AVERAGE-% 

Description SECTION 
Raw Coal Cement 

crushing 
mill 

kiln 
mill mill 

packing 

Packing & 
Forwarding 3 

Insu. % Freight 3 
Sales Tax 4 
VAT -
Excise Duty 10 
Octroi 1 
Unloading 1 
Custom Duty -
Port clearing 
Local transport 
Charges for over 
Sized machinery 2 

total 

This statement indicates prevalent rates that could be used to build up project costs. 

Of course it would be best to treat all imported 
machinery separately irrespective of the department 
to which it belongs. Average mentioned above can be 
worked out for the rest of the machinery in the section. 

Excise Duty varies from product to product and 
for big or small manufacturer. This should also be 
included in Data Bank. State Sales tax rates vary from 
State to State. There is also Central Sales Tax. It is 
customary to include Sales Tax at 4 % under 'C' form, 
that is Central rate, as majority of the items would be 
coming from other States. 

12.12 Building up Capital Costs of 
Plant and Machinery 

A good way to build up capital costs is to take the 
help of flow charts and Machinery schedules for 
various sections. 

Against each item of equipment in the schedule 
the cost structure is written to arrive at cost of the 
item at site. If the various elements of duties and taxes 
are similar, a short cut can be taken by adding F.O.R. 
prices for the section and to add up taxes and duties 
for the whole section. 

As an example see price of Crushing Section, in 
Table 12.9. 

12.12.1 Capital Cost of a Section with 
Duties and Taxes 

Assume that rates of duties and taxes are similar for 
the various items listed. Then next step of adding them 
could be taken for the whole Section. 
See Table 12.10. 

12.12.2 Total Capital Costs for the 
Plant and Machinery 

Next step would be to add each section to arrive at 
total for the whole plant and Machinery by adding all 
sections. 
See Table 12.11. 

12.13 Elements of Total Capital Costs 
The major elements of capital costs of the project would 
be: 

l. Land and Site development - Mines 
development. 

2. Railway siding and approach and internal Roads 
(generally included in Misc. fixed assets). 

3. Civil construction costs consisting of: 

(i) Factory buildings. 

(ii) Non-Factory buildings. 

(iii) Storages, Silos, Godowns and Sheds. 

(iv) Water supply and storage. 
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Table 12.9 Capital Costs of Crushing Section. 

Sr.No. Item of Nos Unit F.O.R. Total 
machinery Price F.O.R. 

Rs. price 
1 feeder 1 10,00,000 
2 crusher 1 75,00,000 
3 Short belt 1 3,00,000 

under 
crusher 

4 Long belt 1 10,00,000 
to stacker 

5 Dust 1 5,00,000 
collector 
and fan 

6 crane 1 2,00,000 

total 105,00,000 

Table 12.10 Computation of a section with duties and taxes. 

Item Rate % Price Rs 

F.O.R. Price of crushing section from Table 12.9 (a) 105,00,000 
Insurance and freight (b) 
Excise duty on (a+b) 
Sales tax on (a+b+c) or VAT 
Unloading, octroi 
VAT 
Customs duty 
Total price of machinery at site 
Items made at site like chutes and ducts 
Total for the section 

Rounding off 

(v) Drains. 

(vi) Colony. 

(vii) Administrative buildings. 

(viii) Foundations, Soil testing, Gates, Fencing & 
Boundary walls. 

4. Plant & Machinery & Electricals consisting of : 

(i) Imported machinery. 

(ii) Indigenous machinery. 

(iii) Motors and control gear, gear boxes. 

(iv) Process and Quality control and 
Instrumentation. 

(v) Taxes and Duties as described above. 

(vi) Machinery Foundations. 

4 4,20,000 
16.64 17,47,200 
4.S3 6,11,SOO 
1 1,05,000 

-
133,84,000 

5,00,000 
13S, 84,000 
139,00,000 

5. Spares and Stores. 

6. Erection and Commissioning. 

7. Consultancy Fees of : 

(i) Mining and Geological consultants. 

(ii) Consultants for: 

(a) TEFS, Basic design and Engineering. 

(b) Detailed Engineering. 

(c) Electrical Power distribution. 

(d) Process control. 

(e) Quality control and laboratory. 

(iii) Civil Design consultants and architects. 
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Table 12.11 Capital cost of plant and machinery. 

Sr.No. Section Price in millions 
Rs 

1 Quarry eqUIpment 10.0 
2 Crushing 13.9 
3 Stacker reclaimer 60.0 
4 Raw mill 120.0 
5 Blending and kiln 10.0 

feed 
6 Kiln 300.0 
7 Coal stacker 20.0 
8 Coal mill 30.0 
9 Clinker storage 15.0 
10 Cement mill 150.0 
11 Cement storage and 30.0 

packing 
12 Motors and control 50.0 

gear 
13 Gear boxes 20.0 
14 I nstru mentation 20.0 
15 Total plant and 848.9 

machinery 
say 850 

(These are illustrative only) 

(iv) Special Consultants for locating water 
resources, pile foundations, vastu, load 
bearing capacity of soil etc. 

8. Miscellaneous Fixed Assets 

This is a medley which clubs together all other 
items which do not belong to any section of the 
Project. 

Conventionally therefore they have come to 
include inter alia: 

(i) Power distribution system costs including 
transmission line, substations, transformers, 
cables, switch boards, cables, lighting etc. 

(ii) D.G. Sets or Thermal Power Station. 

(iii) Railway siding and roads. 

(iv) Water supply system. 

(v) Furniture and Office Equipment. 

(vi) Tools and Tackles for erection. 

(vii) Cars, Trucks & Jeeps. 

(viii) Laboratory Equipment. 

(ix) Equipment for Mechanical and Electrical 
Workshops and Garages. 

(x) Fire fighting. 

(xi) Weigh bridges. 

(xii) Effluent treatment. 

(xiii) Rope way when one is required to be included. 

8.1. Taxes and duties, costs of spares and 
erection and commissioning of items of 
machinery included in Miscellaneous Fixed 
Assets are included here only. 

8.2. Logic of clubbing these items in this 
fashion is not clear but this has become 
the convention and what is more pertinent, 
is that this convention has been approved 
by Financial Institutions. 

What is important is that every attempt 
should be made to include all the items 
large or small that to go to make the project 
complete, taking help of flow charts and 
machinery schedules. 

8.3 In this category are to be included 
payments to be made for transmission lines 
to Electricity Boards; for railway siding to 
Railways, though these costs are later 
deducted from bills. 



12.14 Contingencies 
An important part of build up of capital cost is 
'contingencies' to be allowed for 'omissions and 
commissions' and for unforeseen circumstances. 

The more detailed the work done in building up 
various machinery schedules, civil costs, electricals, 
etc., less would be the need to provide for 'omissions 
and commissions' and unforeseens. 

Contingencies vary from 5 % to 15 %. To be prudent, 
7.5% would be a practical value. Financial Institutions 
however, advise contingencies at 10 percent. 

12.15 Preliminary and Preoperative Expenses 
Two other kinds of expenses are incurred for new 
projects and expansions particularly where capital is 
raised by equity. They are: 

1. Preliminary expenses. 

2. Pre-operative expenses. 

Preliminary expenses include: 

Fees payable to the Registrar of Companies for 
Authorised Capital. 

Capital Issue expenses. 

Techno Economic Feasibility Studies; Geological 
Investigations etc. 

Pre-operative expenses include: 

Establishment expenses during construction. 

Rents, Rates and taxes. 
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Traveling expenses. 

Insurance during construction. 

Start up expenses. 

Commitment Charges. 

Interest and commitment charges on loan during 
construction. 

Deposits if any to agencies like Electricity Boards. 

Miscellaneous items not covered in any of above. 

These may either be worked out or allowed on a 
percentage basis in the light of past experience. 

12.16 Margin Money 
'Margin money' or 'working capital' is funds required 
to start the plant and to bring it to a position till it steadily 
starts earning revenues of its own to sustain continuous 
operations. 

There are norms for working these out that have 
the approval of Financial Institutions (EI). 

Generally speaking, Funds for margin money are 
not provided by Financial Institutions like, lOBI, ICICI 
or IFCI but by Banks whose terms could be different 
than those of EI.s. 

In case of cement plants, convention is to include 
following items for margin money. The amounts are 
worked out on basis of number of days' consumption 
and prevalent costs of the items. 
See Table 12.12. 

Table 12.12 Basis of calculation of margin money. 

Item 
No. of days' Cost or rate Total amount in 

consumption Rs I ton Rs 

Limestone 30 - 40 
Clay 30 -40 
Additives 30-40 
Gypsum 50 -70 
Iron are 30 -40 
Coal 60 
Power 30 
Consumables 270 
Salaries & wages 30 
Clinker 15 
Cement 15 
Receivables 30 
Packing materials 15 
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Thus margin money would vary according to size 
of plant and costs of individual items 

Out of the total requirement of margin money or 
working capital, Banks provide 75% by way of loan 
and 25% is to be arranged by the Promoters. 

12.17 Interest Charges 
This is a substantial burden on the project costs and 
has to be included in it. 

Project Costs for Cement Plants can be assumed 
to start with by using yardsticks like investment costs 
in rupees per ton. For example, if prevalent investment 
costs are Rs 3000/ ton, Project Costs for a million ton 
per annum capacity plant would be Rs 3000 millions 

F.I.s lay down norms for financing a project from 
time to time. One of the norms is debt/equity ratio. For 
different debt/equity ratios loans likely to be available 
for a given project costs would be : 

Total project cost for a million ton per annum 
capacity plant is Rs 3000 millions 

DIE ratio 

2:1 

1.5: 1 

1:1 

loan available from F.I. 
in Rs. millions 

2000 

1800 

1500 

The balance in each case would have to be arranged 
by Promoters either by themselves or through friends 
or by 'equity' that is Public Issue. 

Thus term loans that could be available from F.I.s 
would be roughly known at the beginning of the project. 
When Capital Costs are built up step by step in the 
manner explained above, loan to be applied for can be 
estimated with greater degree of accuracy - taking 
into account the funds - promoters themselves can 
raise. 

Rate of interest to be paid on term loans, whether 
fixed or floating, should also be ascertained .. 

12.18 Cash Flow Statements - Borrowing 
of Funds 

The 'cash flow statements' prepared would indicate 
when to borrow and what amounts. 

To keep down the interest charges and also to begin 
the plant execution on time, it is best to use 'own' 
finances in initial stages up to the point say of ordering 
main machinery. 

The project completion schedule together with cash 
flow should furnish information on the quantity of funds 
required and their timing. 

It takes considerable time in obtaining loans from 
Financial Institutions. Major steps being preparations 
of: 

1. Techno Economic Feasibility Studies. 

2. Project Report to be submitted to Financial 
Institution for approval in the format prepared 
by them. 

3. Project appraisal and approval of the project by 
teams of executives of Financial Institutions. 

4. Signing of agreements and other formalities. 

All this can sometimes take more than a year. 

12.18.1 Initial Activities with Own Funds 
If the company can arrange for funds for initial activities 
like: 

(i) Mining and Geological investigations of deposits. 

(ii) Techno Economic Feasibility Studies. 

(iii) Load bearing tests of soil/wind rose. 

(iv) Basic Engineering and detailed engineering. 

(v) Initial work at site like, land acquisition (which 
can cost a lot). 

(vi) Mining lease and land for mining. 

(vii) Transmission lines and railway siding. 

(viii) Civil design consultants. 

(ix) Environmental clearances. 

costs of which can be roughly assessed, the Project 
can progress without having to wait for sanction of 
term loans. Real requirements of funds start with 
ordering of machinery. 

12.18.2 Finances for Plant and Machinery 
Plant and Machinery (excluding erection and 
commissioning, duties and taxes) would account for 
as much as 40-50% of project costs. Roughly, 
10%-15 % advance is required to be paid with the order 
(may be in more than one installment). 



Thus, if project cost is Rs.3000 millions (including 

interest charges) and DIE ratio stipulated by EI.s is 
I: I, then, loan available from financial institutions would 
be Rs.1500 millions. 

If working capital is say Rs.200 millions (can be 
worked out in detail - regardless of project costs on 

approximate basis). Then 75% of 200 millions that is 
Rs.150 millions would be made available by Banks. 
Rs 50 millions to be arranged by the Promoters. 

Financial Institutions and Banks will sanction loans 
ofRs 1550 millions (1400 by EI.s and 150 by Banks). 

If total machinery cost is say Rs.I000 millions then, 
between 9th and 24th months, funds required would be 
100, 100, 300 and 400 millions in installments after 
keeping 10 % as retention. 

Civil engineering would start say in 15th month and 
complete in 21 5t month. Let civil engineering costs be 
Rs 600 millions These funds would be required in 
3 installments of Rs 60, 240 and 300 millions 

In this fashion requirement of funds can be worked 

out. 

Financial loan may therefore taken in say four 
installments to keep down Interest charges. 
See Table 12.13. 

Table 12.13 

Installments Amounts Month Rs milions 

1 st 200 9th Month 

2nd 200 12th Month 

3rd 500 18th Month 

4th 500 24th Month 

1400 

12.18.3 Computation of Interest Charges 
Interest charges would then be calculated according 
to period of each loan, 
See Table 12.14. 
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Table 12.14 

instalments Rs milions Loan period 
months 

1st 200 36-9 = 27 
2nd 200 36-12= 24 
3rd 500 36-18= 18 
4th 500 36-24= 12 

Project completion time = 36 months. 

If rate of interest is say, 15%, Then interest charges 
would be: 
See Table 12.15. 

Table 12.15 

Amount years 
Rs millions 

200 x 27/12 

200 x 24/12 

500 x 18/12 

500 x 12 /12 

x 

x 

x 

x 

rate of amount of 
interest interest 

Rs millions 

0.15 = 67.5 

0.15 = 60.0 

0.15 = 112.5 

0.15 = 75.0 

Total = 315 

Different configurations would give different values 
for interest charges. 

Loan for margin money should also be drawn when 
required, first using company's own funds to start the 
project on time and to complete it on time. 

12.19 Equity 
Out of Rs.1500 million to be arranged by the company 
minimum 35% (or prevailing norms) are required to 
be raised by the Promoters (their friends, relatives etc.) 
i.e., :::::: Rs.500 million. 

Balance Rs.l 000 million are to be raised by Equity. 

To raise funds by 'public issue' involves many 
factors. Whether the company would be able to raise 
funds by equity or public issue would depend not only 
on its past, performance and reputation, but also on 
external factors like: 

1. General economic situation and investment 
climate. 

2. Health of the industry - Cement. 

3. Market conditions and prospects for cement 
prices in future. 

4. Profitability ofleading cement companies in the 
last 2-3 years. 
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TEFS would have brought out most of these factors 
in its chapter on market. 

A calculated risk would have to be taken as regards 
timing of bringing out the public issue and quantum 
thereof. 

Another approach is to float public issue when the 
project is nearing completion so as to create confidence 
in the minds of investing public. 

However it would mean a total review of financing 
of the project as the Promoter would have to find bulk 
of funds himself to be able to start and complete the 
project on time. 

Various options in this regard should be considered 
by Management and their Financial Consultants and 
the choice made should be advised to Consultants 
preparing TEFS. 

12.20 Yardsticks 
A commonly used yardstick for a green field site 
cement plant is investment costs in Rsffon of annual 
capacity. 

Assuming that annual capacity is 1 mtpa cement, 
and capital costs worked out are Rs 3000 million. 

Then investment cost in Rsffon = Rs 3000/- per ton. 

Investment costs vary slightly according to size of 
plant, site conditions and according to special features 
like, railway siding, ropeway, location of mines etc. 

But often it is a good starting point and a check on 
the exercise of estimating capital costs. If the built up 
capital costs vary by more than ± 15% from the 
prevailing value of the yardstick, then it would be 
desirable to look into the matter closely once again. 

12.21 Capital Costs Based on New and 
Bought Machinery 

The above exercise of building up of project costs is 
based on the assumptions that: 

1. All machinery is new and has been procured 
from reputed manufacturers. 

2. While some fabrication would have to be done 
by the company at site like chutes, ducts, 
hoppers, bins, trestles, etc., it is assumed that 
machinery itself would to be bought out. 

Some savings can be made by the Company 
undertaking to fabricate items like cyclones of 
preheaters and casings of dust collectors by obtaining 
manufacturing drawings for them from respective 
suppliers. Company can also assemble belt conveyors 
by buying separately, idlers, belting etc. Savings by such 
means can at best be ::: 20 % of the cost if bought out 
fully. It will however require the Company to make 
their own arrangements for fabricating on a large scale 
and also build up its strengths in engineering. 

12.22 Cross Checking Build up of Costs 
The build up of project costs should also be checked 
for being 'in line' by comparing percentage costs of 
various sections of the plant with an earlier project of 
similar size as shown in Table 12.16. 

A quick comparison like this will show if the build 
up is on right lines. Significant deviations should be 
looked into and it should be possible to account for them. 

12.22.1 Approximations in the Excercise 
Some items of cost are taken on percentage basis 
without going into minute details such as : 

(i) Packing & Forwarding. 

(ii) Freight and Insurance. 
(iii) Duties and Taxes. 
(iv) Erection and Commissioning. 
(v) Stores & Spares. 
(vi) Contingencies. 

(vii) Basis for Margin Money. 

The rates assumed should be checked with earlier 
rates taken for a completed project (Prevailing at that 
time). The project costs can once again be compared. 

12.22.2 Differences in Capital Costs 
Major costs which would differ from project to project 
would be: 

(i) Railway siding. 
(ii) Lengths of roads. 
(iii) Cost of land for plant, colony and mining. 

(iv) Soil conditions influencing foundation costs like, 
depths of foundations, raft foundations, piling, etc. 

(v) Conveying of crushed stone, type of conveying 
system and its length. 

(vi) Capacity of captive power plant proposed to be 
installed. 
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Table 12.16 Costs in % of total costs. 

Department 

Civil 

Machinery 

Erection / Commission 

Misc. fixed assets 

Consultants 

Preliminary & Preoperative 
Expenses 

Margin Money 

Contingencies 

Interest Charges 

Total 

12.22.3 Core Costs 
The 'core' costs should compare well with earlier 
project costs after allowing for: 

(i) Size and Capacity. 

(ii) Type of Machinery, Roller Mills / Ball Mills. 

(iii) Inflation. 

It is possible that two plants, which have same 
nominal capacity, would have widely different capital 
costs because of type, sizes and capacities of major 
machineries selected and also because of specific items 
listed above. 

12.22.4 Check and Cross Check Basis 
Thus every exercise of project costs build up should 
be checked and rechecked to make sure that it is done 
on the right lines, with right kinds of assumptions and 
includes all items, reducing 'omissions and commissions' 
to absolute minimum. 

12.23 Contingencies 
Strictly speaking when such care is taken in building 
capital costs, the 'contingencies' should be reduced to 
say 5% only. For a Rs 3000 million project, 
the difference in project costs at different rates 
would be: 

This Project 
Earlier Projects of 
similar capacity 

12.00 13.00 

40.00 42.00 

3.00 3.00 

17.00 15.00 

1.50 2.00 

3.00 3.00 

3.50 3.00 

10.00 7.50 

10.00 11.50 

100.00 100.00 

Contingencies at 5% 

Amount in million Rs 140 

7.5% 

210 

10% 

273 

Thus contingencies are not small amounts. But in 
this respect one has to be guided by norms laid down 
by the Financial Institutions approached for loans. 

12.24 Discounts 
The pattern of 'discounts' given by machinery suppliers 
is generally known at the project stage. 

These discounts vary widely between 5% (perhaps 
minimum) to 30% (perhaps maximum). 

Question is whether the discounts should be taken 
into account in building up of capital costs. For example: 

Rs. 3000 million total project. 

Plant and Machinery including Electricals - say 
Rs.1350 million (without Duties and Taxes) as shown 
in Table 12.17. Let discounts available on different 
machines be as shown therein. Net costs would be 
Rs 1134 million as against quoted price of Rs 1350 
million. 

12.24.1 Further Savings in Duties 
There would be further savings in duties and taxes 
and in cost of spares. 
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Table 12.17 Discounts available. 

Department 
Cost Average discount that Net Cost Savings 

Rs millions can be expected - % Rs million Rs millions 

Mining 90 

Main Machinery 910 

Electricals 230 

D G Sets 120 

total 1350 

Assuming duties and taxes at::::: 25% of base costs 
and cost of spares as 5 %, total savings would be 

base savings as above 

savings in duties and taxes 

at 25% 

Rs 216 million 

Rs 54 million 

savings in spares and duties 

Therefore total savings could be 

as much as 

Rs 14 million 

Rs.285 million 

If interest charges were RS.315 million they would 
reduce to 

Reduced capital costs 

Reduced interest charges 

Saving 

Total savings 

Rs 2715 million 

Rs (2715/3000) x315 
= Rs 285 million 

Rs 30 million 

Rs 315 million or 
more than 10 % 

The overall profitability of the plant would be much 
brighter. Therefore it may be worthwhile to allow for 
the discounts. However, if it is decided to do so, the 
Company should negotiate and ascertain with selected 
parties what their net prices would be like before placing 
the orders. 

5 

15 

30 

5 

85.5 

773.5 

161 

114 

1134 216 

If it is possible to arrive at an understanding in this 
respect then only discounts should be taken into 
account. Otherwise not. 

However, to guard against the possibility of 
expected discounts not materializing, it would be better 
to increase contingency. 

For example: 

Capital costs in Rs millions 

Contingency 10% 

If contingency is 

raised to 12 % 

Total project costs 

3000 

270 

2625 

240 

280milion 

::::: 2915 million 

A better way would be to reassess the project costs 
after negotiating orders for main machinery and reduce 
quantum of loan to be taken from F.Ls and thereby 
interest charges. 

12.26 Works Contract 
Slightly different procedure would have to be adopted 
if a Project is to be treated like a 'works contract' 
where a Vendor takes order on a 'lump sum' price 
basis. It has some advantages for the Buyer. However 
this procedure is not very common and hence has not 
been dealt with here. 



CHAPTER 13 

13.1 Working Out Costs of Production 
First step would be to decide on types of Cements to 
be made and their proportions. Costs of production 
should be worked out for all types. 

Ascertain all costs involved in the production of 
each type including inter alia: 

1. Royalties, cess etc., on limestone and other 
correcting materials. 

2. Pit head costs of coal, iron ore, gypsum, etc., 
including governmental taxes and duties and 
royalties to be paid on them. 

3. cost of blending materials like fly ash and blast 
furnace slag at points of collection. 

4. Allowance to be made for moisture if it exceeds 
3 to 5 % and for loss in transit. 

5. Freight costs by rail and or road to be ascertained 
for all materials to be brought into the works. 

6. Limestone raising costs to be worked out 
comprising of; 

(i) Explosives consumed. 

(ii) Operation and Maintenance cost of drills, 
shovels, dumpers compressors etc. 

(iii) Limestone transport costs to crusher. 

7. Cost of Electricity comprising of : 

(i) Unit cost in Rs I kwh for power from grid. 

(ii) Unit cost for power generated in captive 
power plant. 

(iii) Maximum demand charges - in Rs per KVA 
I Month. 

(iv) Other Levies. 

8. Labour costs, derived from salary structure of 

wages and salaries and perks. 
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9. Stores and Spares consumed - These may have 
to be judged from operation of existing plants -
either Company's own or from other plants. 

10. Overheads - of Factory and Head Office. 

11. Marketing and Selling Costs including advertising 
costs. 

13.2 Fixed and Variable Costs 
Costs are broadly classified as : 

A. Variable costs - which are directly related to 
production. 

B. Fixed costs - which are to be incurred regardless 
of production. 

As their names suggest variable costs are incurred 
when plant produces cement. Fixed costs are always 
incurred whether plant is in production or is idle. 

In fixed costs the following are included: 

(i) Salaries and Wages and perks of employees 
on permanent roll of the company, including 
Executives, Directors, Managing Director, etc. 

(ii) Plant and Head Office overheads. 

(iii) Marketing expenses, advertising, Sales 
network etc. Costs of maintaining depots and 
godowns. 

Variable costs are worked out in terms of Rs I Ton 
of cement produced. 

Fixed costs are worked out for the year and then 
converted into costs in Rs I ton. As the following 
exercise will show. 

Plant Capacity - 10,00,000 tpa 

Cement produced in a year - 8,50,000 tons (at 85% 
capacity utilization). 

Variable costs for OPC are say Rs.lOOOI- per ton. 
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Fixed costs are say for one year : 

Salary and Wages 

Overheads 

Marketing and selling 

Rs 

= 30,000,000 

= 12,000,000 

= 6,000,000 

= 48,000,000 

----------------

13.3 Total Costs of Production 
Cement produced in the year 

8,50,000 tons 

Variable costs of production at RS.I000ffon 

= Rs 850,000,000 

Fixed cost of production in same period 

= Rs 48,000,000 

Total = Rs 898 million 

Therefore overall cost of cement produced 

= Rs 1056.5/ton 

Proportions of costs 

Variable costs 94.65 % at Rs 1000/ton 

Fixed costs 5.35 % at Rs 56.5 /ton 

The proportions of fixed and variable costs should 
be checked with data available from running plants. 

13.4 Variable Costs are Worked in Two Steps 

A. Cost of Clinker. 

B. Cost of Cement. 

The elements of variable costs of production for 
naked, ex-works cement are : 

(i) Raw Materials. 

(li) Fuel. 

(iii) Power. 

(iv) Stores, Spares and Maintenance. 

(v) Contribution to research. 

Following Table 13.1 lists various elements in the 
two steps mentioned above 

Table 13.1 

Sr.No. 1st Step 2nd Step 

Cost of Clinker comprising of Cost of Cement 
1 Raw material costs 

Cost of Limestone Cost of clinker from 1 st step 
Cost of Additive 1 Cost of gypsum 
Cost of Additive 2 * 

2 Cost of Coal burnt in Kiln Fuel (sometimes for drying slagl fly ash). 
and Calciner 

3 Cost of power -upto and including Cost of power for Cement mills & 
clinkering stage Other departments not covered in step 1 

4 Stores and spares, consumables Stores and spares and 
and maintenance upto clinkering maintenance for cement mill and 
Stage packing etc. 

5 Total variable cost of clinker in Statutory costs for research, 
Rs 1 ton of Clinker 

6 Variable cost of cement in Rs 1 ton 

* when blended cements are made to add cost of blending materials like slag and fly ash. 



13.5 Working out Costs of Materials and Fuel 
Thus first, costs of raw materials and fuel (coal and 
oil) and gypsum and blending materials like fly ash and 
slag (if used) should be worked out. 

1. It is necessary to know raw meal/clinker ratio 

for consumption. 

2. Proportions of limestone and other correctives, 
clay and iron ore. 

3. The proportions in raw meal are on dry basis 

with moisture less than 1 % in raw meal. 

4. quantity of coal used in making clinker expressed 
in %. It is arrived at from calorific value of coal 
and specific fuel consumption. 

5. proportions of gypsum, fly ash and slag in 
respective cements. 

13.5.1 Costs of Raw Materials 
Assume raw meal/Clinker = 1.55: 1 

Let the proportions of limestone and additives be 

Limestone 

Clay 

Iron Ore 

- 85% 

- 13% 

2% 

= 100% 

Therefore to make 1 kg clinker it would require on 
dry basis 

Limestone 

Clay 

Iron ore 

1.318 kg 

0.202 kg 

0.03 kg 

13.5.2 Allowances for Transit Loss, Moisture 
Allowances are to be made for moisture in material 
and losses in transit if any to arrive at realistic costs of 
these materials. This can be done either by converting 
costs of materials as received into costs of dry materials 
or convert quantities used in production into wet 
materials and apply costs of materials as received. 

Let us say moisture in clay and iron ore are 8 and 
12 % respectively 

And that loss in transit be 3 % for both. 
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Thus wet clay and iron ore to be bought to make 1 
kg clinker would be 

Clay = 1.08 x 1.03 x 0.202 = 0.225 kg 

Iron ore = 1.12 x1.03 x 0.03 = 0.035 kg 
Moisture in limestone can be ignored as it is 

generally less than 5% even in wet seasons. 

13.5.3 Royalties to be Paid 
In raising limestone - over burden is also to be 
removed and shifted. 

Royalties are paid on stone removed from the 
quarries. Let us assume that over burden is left in 
quarries and only stone is brought into the plant. 

Therefore limestone required at 85 % = 1.55 x 0.85 

= 1.318 kg. 

If over burden is 20 %, stone to be raised to make 
1 kg clinker = 1.58 kg 

Costs of raising limestone will be applied to 1.58 
kg/kg clinker but 

Royalties would be calculated for 1.318 kgs. 

13.5.4 Cost of Raising Limestone 
Costs of raising limestone would include operating costs 
of, drills, shovels and dumpers, compressors, mainly 
diesel oil and lubricants, and other consumables. 

Let stone to be raised per day be 5500 tons and let 
quarries and crusher work for 12 hours/day 

Assume hourly consumption of diesel oil to be: 

Compressor = 100 x 1 = 100 Litres / Hr. 

Shovel 

Dumper 

= 1000 x 2 = 2000 Litres / Hr. 

= 1000 x 3 = 3000 Litres / hr 

Total = 5100 litres/hr 

Daily consumption of diesel oil = 5100 x 12 

= 61200 litre 

Let cost of diesel be ~ 22 Rs/ litre. Therefore cost 
diesel/day = Rs 1346400 

Lubricants and other consumables at 10 % 

= Rs 134640 

Stone raised 

Cost of raising stone per ton 

Royalties to be paid in Rs /ton 

= 5500tons 

= Rs 269 

= 27.5 
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Comprising of royalty at Rs 2S/ton and cess at 
Rs 2.S/ton 

(Royalties are revised for time to time by central 
Government / State Government may also import some 
'cess'. The prevalent Rates are to be included) 

Royalty will be paid on 4600 tons. Therefore overall 
cost of raising stone expressed in Rs/ton = 349 
(calculated on 4600 tons brought from Quarries) 

13.5.5 Cost of Correcting Materials 
Iron ore, clay, gypsum, coal, fly ash and slag are 
generally bought and their costs 'as received' are 
worked out as shown in Tables 13.2 and 13.3. 

13.6 Overall Cost of Raw Materials 
Cost of raw materials using costs on as received basis 
would be (Table 13.3). 

When crusher is in quarries and stone is transported 
by belt conveyor to the plant the cost of raising 
limestone would come down appreciably as dumpers 
would ply over very short distances. 

Operating costs of earth moving machinery could 
be obtained from suppliers of such machinery. 

Costs incurred in crushing and transport of crushed 
limestone would be included in power costs and 
maintenance costs up to clinkering section. 

Table 13.2 Costs as received. 

Pit head cost 
Including Transport Total cost as 
royalties to works received 

applicable Rs/ton Rs/ton 
Rs/ton 

Clay 25 10 35 

Iron Ore 400 200 600 

Coal 1600 300 1900 

Gypsum 

Fly ash 

Slag 

Table 13.3 Costs in Rs per ton. 

Costs as Usage on Raw received 
materials basis 

wet basis 

Rs/ton Kg/kg clinker 

Limestone 349 1.318 460 

Clay 35 0.225 7.88 

Iron Ore 600 0.035 21.00 

488.9 
Say 490 



The costs in Table 13.2 would be on wet basis 
and provision is to be made for moisture and loss in 
transit as shown earlier. 

It is a convention that for working out all costs, 
current prevailing costs are taken into account and not 
projected costs when the plant would go into 
production. Profitability is projected for 10-15 year 
period using the current costs. 

13.7 Coal I Fuel 
As in 99% of cases coal would be used as fuel, we 
shall be assuming coal to be the fuel used. Coal may 
be brought from nearest Collieries. Sometimes plants 
used imported coal also in varying proportions to 
improve quality of coal fired in the kiln. 

Cost structures could vary widely for the two 
alternatives. 

13.7.1 Indigenous Coal 
It may be bought from the nearest Collieries or from 
allocated Collieries in quantities allocated. 

A mix may be desirable to ensure continuity of 
supply and for blending purposes. 

Let us say desired calorific value of coal as fired 
should be maintained at 4300 Kcal/Kg. Let coal have 
a moisture of 10 %. 

1 kg wet coal = 0.9 kg dry coal and 0.92 kg coal as 
fired with 2% moisture. To yield 4300 kcallkg on as 
fired basis, wet coal should have a calorific value of 
4675 kcal/kg. 

Coals have been graded A to E. E being the worst 
with very high ash content. Cement Industry is 
generally allocated Grade C coal with ash content of 
30-35% and useful calorific value 3800-4300 kcal/kg. 
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Thus it would be not only desirable but also necessary 
to obtain some high-grade coal and blend it with 
regularly available coal from nearest collieries. 

13.7.2 Elements of Costs of Coal 
The cost of coal received has three elements : 

(i) Pit head costs, which may vary according to 
grade of coal obtained. 

(li) Moisture. 

(ill) distance and mode of transport. 

13.7.3 Selecting Coals to Reduce Costs 
Following exercise would show how to select coals 
from different sources to maintain quality at minimum 
costs. 

Costs of 3 grades of coals in Table 13.4, on wet 
and as received basis would be : 

1.2000 + 600 

2.1600 + 400 

3.2200 + 500 

= Rs 2600 

= Rs 2000 

= Rs 2700 

Costs on as fired basis ( 2 % moisture) would be 

1 = 2600 x 1.03/0.92 = Rs 291O/ton 

= 71 paise Ikcal 

2 = 2000 x 1.03/0.94 = Rs 21911ton 

= 59 paise 1 kcal 

3 = 2700 x 1.03 10.95 = Rs 2930 Iton 

= 62 paisel kcal 

This exercise will help to select most economical 
combinations of various grades of coals. 

Table 13.4 

Gross cal. Useful Pit head Moisture Distance of Freight 
value cal. value cost % transport cost 

kcallkg kcallkg Rs/ton kms Rs/ton 

Coal-1 4500 4100 2000 10 300 600 

Coal- 2 4000 3700 1600 8 200 400 

Coal- 3 5000 4700 2200 7 500 500 
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Proportions in which coals can be bought (Only 2 
grades) for a targeted value of 4000 kcallkg as fired 

(1) 1 + 2 = a x 4100 + b x 3700 = 

(a+b) x 4000 a=3b 

1&2 should be used in proportions of 75% : 25% 

Therefore composite cost of coals 1 & 2 

= Rs 2730/ton on as fired basis 

(2) 2 + 3 = a x 3700 + b x 4700 = 

(a + b) x 4000 a = 2.3b 

Therefore composite cost of coals 2 & 3 = Rs 24331 
ton on as fired basis 

It would thus be seen that coals could be used in 
many permutations and combinations to reduce cost 
of fuel. 

If specific fuel consumption is 750 Kcal 1 Kg. 

Coal useful cal. qty. of coal cost cost of 
value kg/kg Rs/ton fuel 

Kcal/kg clinker Rs/ton 
clinker 

1 4100 0.183 2910 532 
2 3700 0.202 2190 442 
3 4700 0.160 2927 468 

1+2 4000 0.188 2730 513 
2+3 4000 0.188 2433 457 

Thus cost of coal to make a ton of clinker can be 
reduced substantially if Cost benefit analysis as above 
is carried out. 

13.8 Cost of Power 
Cost of Power is split into two : 

1. All sections up to and including clinker stock. 

2. Balance production sections and unproductive 
sections like: 

(i) Lighting. 

(ii) Utilities. 

(iii) Losses. 

As mentioned earlier, power cost is in 2/3 tiers; 

(i) Cost of energy consumed in Rs/K who 

(ii) Any surcharges, etc., as imposed from 
time to time. 

(iii) Maximum demand costs in Rsl KVAI 
month. 

13.8.1 Example of Working out Power Costs 
Thus if for a 3000 T plant, specific power consumption 
is 90 K whiton of cement, power requirement in kws = 
125 x 90 = 11250 

With design margin of 10 % = 12375 KW 

Using power factor of 0.95 and load factor of 0.8 , 

Power required in KVA = 16300 KV A. 

Allowing 25% margin for immediate additions or 
to cover omissions, 

Power contracted or Maximum demand would be 
:= 20500 kva 

Annual cement produced at 85% capacity 
utilization = 8,50,000 tons 

Units consumed = 90 x 8,50,000 = 76,500,000 KWH 

Let cost of energy per unit including surcharges be 
Rs.3.5lkwh 

Therefore energy costs = 3.5 x 76,500,000 

= Rs 267,750,000 

Let maximum demand charges Rs.1001 KVA 1 
month = 12001 KVA 1 year. 

Maximum demand charges in one year 

= 20500 x 1200 = Rs 24,600,000 

Total power charges = Rs 292,350,000 

Units consumed = 76.5 x 106 

Therefore overall power cost in Rs/kwh = 
3.82 Rslkwh 

13.8.2 Costs of Power with Captive Power Plant 
IfD.G. Set power is used, its cost of generation would 
be approximately 

(3.5 unitsllitre at Rs 221litre of fuel oil) 

Rs 6.51 kwh 

Say in months power cut was 

from April to July - 60 %. 

August to January - 0 % 

February to March -30 % 

To be made up by captive power. Out of total power 
consumption of 

76,5,00,000 units, power generated by captive 
power plant would be 

25 % or 191,25,000 units and balance bought from 
grid. 



Overall power costs: grid power-maximum demand 
charges remaining same 

3.5 x 573,750,000 = Rs 200.813 millions 

+ max. demand charges = Rs 24.6 million 

total = Rs 225.413 million 

+ capive power = Rs 124.313 millions 

Total power costs = Rs 349.73 millions 

Total units consumed = 76.5 million 

Overall energy costs in Rslkwh = 4.57 

say Rs 4.60lkwh 

During months of power cut, maximum demand 
would be appreciably less. But it would not be practical 
to reduce contracted demand for 4 months of the year. 
The maximum demand charges should be paid 
for whole of contracted demand for the whole of the 
year. 
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13.8.3 Splitting of total power consumption 
To work out cost of production in two steps as 
mentioned earlier, power Consumption in sections up 
to clinkering and balance would be clubbed as shown 
in Table 13.5. 

Power consumption would be split up as 

till clinkering - 55 units/ton of clinker 

rest - 37 units/ton of cement 

13.9 Stores and Spares and Maintenance Costs 
These include consumables and spares used in a given 
period of 1 year. 

For a running plant, data would be available on actual 
consumption. 

For a new greenfield site plant, the consumption 
would have to be taken from data banks or by obtaining 
data on costing from running cement plants. 

Table 13.5 Split up of power consumption. 

KwhlT 
material KwhlT Clinker Kwhlt cement 

Quarry & 
Crusher 2.0 3.1 3.0 

Raw Mill 12.0 18.6 18 

Blending 2.0 3.1 3.0 

Kiln - Preheater 25.0 25.0 24.0 

Coal Mill 30.0 5.1 5.0 
Total up to 
clinkering 55 53 

Cement Mill 30 30 30 

Packing 1.5 1.5 1.5 

Water supply 1.0 

Lighting 1.0 

Misc. 1.0 

Losses - 2.5 
Total of c.mill 
and 
others 37 

grand total 90 
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Let the total consumption of stores and spares be 
Rs.1O.0 Crores 1 annum for a million ton plant. Let it 
be divided in proportions 70: 30 between sections upto 
clinkering and the rest. 

At a production of 8,50,000 tons, for 85% utilization 
of capacity, 

Expenditure on stores and spares 

= (100,000,000/850,000) 

= Rs 1181 ton of cement 

expenditure in sections upto clinkering 

= Rs 82.6 Iton cement 

or Rs 86 1 ton clinker 

expenditure for cement and other sections 

= Rs 35.4 ton of cement 

13.10 Exercise of Arriving at Variable Costs 
Variable costs of cement can now be worked out in 
two steps. 
See Table 13.6. 

13.10.1 This is the Cost of Naked Cement, 
ex-works 

To derive cost of bagged cement delivered to site, it is 
required to add to it: 

(i) packing and loading charges, 

(ii) freight to market, 

(iii) prevailing taxes and duties. 

Packing charges are cost of bags for bagged 
cement. For bulk cement, there are no packing costs 
only very small power and loading charges. 

13.11 Fixed Costs 
As explained earlier, these costs are incurred whether 
the plant is running or is stopped. Main elements of 
the fixed costs are, salaries and wdges, overheads and 
part of marketing and selling costs like advertising, 
maintaining godowns etc. 

13.11.1 Salaries Wages 
Salaries and wages are worked out from systematic 
build up of manpower needs and prevailing salary 
structure. 
See Tables 13.9 and 13.10 in Annexure 1. 

Strength of staff is as per Table 8.1 in Chapter 8 

Total annual wage bill as shown in Table 13.10 
Rs 33076800 

Rounding off Rs 33500000 

If cement produced is 1000000 tons in one year 
fixed cost 

Wages and salaries would be Rs 33.5 per ton of 
cement 

13.11.2 Over heads 
Factory and Head office overheads are also worked 
out. 

Marketing executives can advise on, and work out 
fixed portion of marketing and selling costs. 

Total fixed costs are then added to the total variable 
costs for the year under consideration to arrive at total 
production costs expressed as Rs Iton as explained 
earlier. 

Financial and profitability statements can then be 
worked out either on total yearly tum over or on Rsl 
ton basis which ever is convenient or what is more 
relevant, which is preferred by Financial Institutions. 

13.12 Price of Cement and its elements 
There was a time when price of cement to a consumer 
was the same anywhere in India, regardless of who 
had made it and how much distance it had traveled to 
reach the ultimate consumer. 

Now cement industry operates in 'free market' 
conditions. Competition dictates market prices. Quality 
has come to the fore. Already in OPC itself there are 
3 grades 33, 43 and 53. All cement companies claim to 
be making 43 and 53 grade cements. 

Marketing and selling strategies have also 
undergone considerable change. 'Brand Loyalty' is a 
thing of the past. Many a time 'dealers' dictate terms 
to manufacturers unless manufacturers can sell directly 
through their own networks of outlets. Some 
manufacturers have their own transport fleets to 
transport cement. Under these conditions, profitability 
is to be closely watched. 
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Table 13.6 

1 Variable cost of clinker 

Usage Cost Rs/ton Cost Rs/ton Sr.No. Description Kg/kg and Rs/kwh of clinker KWH/ton 

1 Limestone 1.318 349 460 

Clay 0.225 35 8 

Iron ore 0.035 600 21 

2 Fuel 0.202 2190 442 

3 Power 55 3.82 210 

4 Stores & spares Rs/ton 86 

Total 1227 

2 Variable cost of cement 

Usage Rate 
Rslton Sr.No. Description Kg/kg and Rs/ton 

Cement Kwh/ton Rs/kwh 

1 Clinker 0.96 1227 1178 

Gypsum 0.04 600 24 

2 Power 37.0 3.82 141.3 

3 Stores & spares Rs/ton 35.4 

Total variable 1378.7 

Cost of cement "" 1379 
Above are only for illustrative purposes 

13.12.1 Elements of Cost of Cement 
The elements of build up of costs at consumer's door 
would be: 

(i) Cost of naked cement ex-works Rs/ton. 

(ii) Cost of bagging I loading. 

(iii) Freight to a given market by road and or rail 
converted into Rs/ton according to distance of 
transport. 

(iv) Excise Duty in Rs.!Ton for OPC and other 
cements except white cement. 

Excise duty is slightly lower for mini plants but 
this concession is available only for the first 
1,00,000 tons produced. 

(v) Sales Tax, which varies from State to State. 

(vi) Dealers' commission. 
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13.13 Gross Profit available is 
Price ruling in the market - sum total of above costs 

Price ruling varies from State to State; city to city 
and varies in the same place from season to season. 
In 'free market' economy, 'demand' and 'supply' 
decide the prevailing sales prices. When supply 
exceeds demand, prices take a beating. In free market 
conditions a plant can sell cement anywhere regardless 
of distance if the prices are right. 

13.14 Bagged versus Bulk Cement 
Bagging Costs 

Cement is packed now almost exclusively in 
h.d.p.e. woven bags. Jute is hardly used though 
Government did try to protect Jute Industry by insisting 
that a percentage of bags used should be jute. 

Bagging cost work out to between Rs.6 - 7/- per 
bag or Rs.120 - Rs.140 per ton. 

This will bring out the advantage of bulk cement 
dispatches. 

Bulk cement 

Bulk cement is now readily accepted. Even 'ready 
mix concrete' is accepted in many major cities 

Major players in the Cement Industry have their 
own silos for storing bulk cement in major cities 1 
centres of market. They are also now suppliers and 
promoters of ready mix concrete. 

While a certain amount of double handling is 
inevitable in reaching small consumers, large consumers 
can now get bulk cement 'ready to use' at their 
doorstep. 

The costs of handling of bulk cement would be a 
fraction of the cost of bagging -

Say Rs.lO/- to Rs.201- per ton. 

13.14.1 Bulk Carriers 
One element of 'bulk cement handling' is the need to 
have special wagons on rail and special bulk carriers 
on road with unloading facilities either mounted on 
wagons 1 carriers themselves or located at point of 
discharge. Thus cement can be unloaded straight from 
wagon 1 carriers into storage. 

Now railways are encouraging cement producers 
to have their own specially designed self unloading bulk 
wagons and agree to ply them on railways' network. 

Truck mounted bulk carriers up to 40 tons capacity 
are now available and serve those plants which do not 
have rail head facility. They are also used to transport 
fly ash. 

13.15 Increase in Surplus due to Bulk Cement 
Costs can thus come down appreciably by Rs. 100 to 
Rs.120 per ton depending on the proportion of bagged 
and bulk cements. 

Thus if a plant sold one Million Ton Cement and 
dispatched 30% of it in bulk, and its cost of naked ex
works cement was say Rs.I 0001- per ton then its profits 
would increase as shown in Table 13.7. 

70% x 624.00 + 30% x 734.00 = 657.00 

Gross profit would thus go up by Rs.33/- per ton or 
Rs 33 Million 1 Annum. 

13.16 Freight 
This is a cost which increases every year with the 
budget. Cement companies have no control over it. 
On the other hand, competition forces them to go 
further and further to sell their cement. 

Those plants that have no rail head, have to send 
all their cement in can truckloads or in bulk carriers. 
Those that have rail head, send it wholly by rail or 
partly by road and partly by rail. Rail freights are 
cheaper for long distances. Road transport is cheap 
for short distances. Companies may therefore work 
out a mix of desptches which will reduce overall freight 
costs. 

Let the conveying distances and proportion of 
cement sold for a plant be as shown in Table 13.8. 
Also see Figs. 13.1 and 13.2. 

Say about 70% of cement can be dispatched either 
by road or by rail. 

Freights incurred for various proportions of rail and 
road can be worked out. 

In Fig. 13.2, 1 to 6 are consumer centers. 
Quantities sold at these centres would be known. 

It would generally be possible to send cement direct 
by road to the market centers2 and 3 and to that extent, 
save costs of double handling, warehousing, etc. 

For market - 5 rail transport could be cheaper but 
as the center is not on rail head, a combination of rail 
+ road transport would be necessary. 
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Table 13.7 

Bagged Cement Bulk Cement 
70% 30% 

Rs / ton 

Naked Ex-works 1000.00 1000.00 

Bagging I loading 140.00 30.00 

Freight costs 300.00 300.00 

Excise duty 300.00 300.00 

Dealers commission 50.00 50.00 

1790.00 1680.00 

Sales price at 
Rs 140/bag 2800.00 2800.00 

Sales Tax @ 16% 386.00 386.00 

Price -sales tax 2414.00 2414.00 

Less costs and other 

duties as above 1790.00 1680.00 

Available for profit 624.00 734.00 

Table 13.8 Distances in kms. 

< 100 km <200 km < 300 km < 500 km > 500 km 

% Cement 10 30 40 10 10 

Transported 

by Road Rail or Road Rail Rail 

A mix of road and rail transport can thus be worked 
out to reduce freight costs. 

Company would have no control on other costs like 
dealers' commission, Sales tax and excise duty. 
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Fig. 13.1 

Fig. 13.2 

Radius of inner market 

Radius of outer market 

Location of Plant 

Markets - road & rail - links 

Dispatches - inner market - by road; outer market - by rail/by road. 

® 

7 Feeder road 

8 Railway siding 

9 Railway line 

1 to 6 Consumer centers Cement supplied to 

2.3 by road; 1.6 by rail ; 4.5 by rail & road 

Reaching consumer centres - by road and rail. 



Sr. No. 

1 
2 
3 

4 

5 

6 
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Annexure 1 

Table 13.9 Structure of Salaries and Wages. 

category salary allowances I benefits total 
Rs per month Rs per month Rs per month 

Managerial 15000 30% 19500 
Senior officers 10000 25% 12500 

Middle level 7500 25% 9375 
officers 

Junior officers 6000 20% 7200 
Skilled workers 

Semiskilled 4000 20% 4800 
workers 

Unskilled workers 2500 20% 3000 

For illustrative purpose only 

Table 13.10 Annual bill of wages and salaries for strength of staff 
as per Table 8.1 in Chapter 8. -

Sr. No. Category Numbers Total salary per Total for 

1 Managerial 18 
2 Senior officers 39 
3 Middle level 68 

officers 
4 Junior officers 117 

Skilled workers 
5 Semiskilled 60 

workers 
6 Unskilled 50 

workers 

person numbers 
Per month Per year 
~ Rs r 

19500 234000 4212000 
12500 150000 5850000 
9375 112500 7650000 

7200 86400 10108800 

4800 57600 3456000 

3000 36000 1800000 

Total 

Rounding off say 

Rs 33076800 

Rs 33500000 

If cement produced is 1000000 tons in one year fixed cost Wages and salaries 

would be Rs 33.5 per ton of cement. 



CHAPTER 14 

PROFITABILITY AND INVESTMENT ANALYSIS 

14.1 Working out Profitability 
Profitability is then worked out after taking into account 
yearly costs of : 

1. Interest. 

2. Depreciation. 

3. Tax. 

For example See Table 14.1. 

Table 14.1 

Item Quantity I value 

Quantity Sold 1,000,000 tons 
Gross Selling Price Rs. 28001 ton 
less Rs/ton 

freight 300.00 
Excise duty 300.00 
Dealers' commission 50.00 
Bagging 130.00 
Sales tax 386 
Total deductions 1166 

Net sales realisation 1634 
Less total costs of 

production, variable & 
fixed costs 

1420 
Gross Profit 214 
Less depreciation 

I nterest on Taxes & 
working capital 
Profit before Tax 

Less Tax@25% 
Nelt, Profit 1 loss after Tax 
as % of Sales Price 

86 



14.2 Projections of Profitability 
Profitability is projected for a period of 10- 15 Years 
with assumptions like: 

1. Capacity Utilization - 80% 

90% 

1 st Year. 

2nd Year. 

95% 3rd Year. 

2. Selling price of cement remains the same 
throughout the period. Profitability is however 
worked out for different sales prices on either 
side of the current selling price. 

3. Freight, Bagging, Sales Tax and Excise Duty 
remain same for the period. 

4. In fixed costs, labour costs are increased by 5% 
or so every year. 

5. Variable costs remain same that is cost of fuel, 
power and raw materials remain same. 

6. Interest charges are worked out on loans taken 
and repayment period and moratorium if any 
agreed upon with financial institutions. 

7. Depreciation charges are worked out according 
to well-established methods of calculating them 
for different items like: 

(i) Civil structures. 

(ii) Plant and Machinery. 

(iii) Pollution control equipment. 

According to the proportions of these in total 
costs and rates of depreciation for example 10% 
or 25% st. line, etc. 

14.3 Profitability - Financial Ratios 
Profitability is worked out in the manner described for 
a period of 10-15 years. 

However, each Industry has its own norms for 
judging its adequacy or otherwise, to be worthwhile 
for investment. 

Therefore certain yardsticks are worked out to 
judge and compare the profitability with that of similar 
plants in the Industry or with other Industries to take 
an investment decision. 

Financial Institutions are also very much interested 
in some ofthese yardsticks, which they use to evaluate 
viability of the project and to assess ifloans given would 
be repaid with interest with certainty within the 
prescribed time. 
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Some of these yardsticks are : 

1. Payback period. 

2. Break even point. 

3. Debt servicing ratio. 

4. Internal rate of return. 

14.3.1 Concessions Available in First years 
Cognizance has to be taken of facilities and 
concessions provided by Financial Institutions and State 
and other Government Agencies. 

Some State Governments give Sales Tax 
exemptions for 5 years from the date of commissioning 
of the plant. Electricity Boards give concessional tariff 
for fixed periods. 

Money paid to them for laying transmission line / 
etc., can be deducted from bills. 

14.3.2 Moratorium on Interest Payable 
There is a 'Moratorium' for beginning to pay interest 
charges to Financial Institutions. This could be between 
2-5 years. 

There could be moratorium on Income Tax also. 
All these should be taken into account and incorporated 
in computer programmes to work out Internal Rate of 
Return on investment. 

This is a statement of cash inflows against capital 
expenditure and working capital. Thus for a 15 years 
period as an example, 

Cash inflow = Rs 700 million 

And capital expenditure and working capital 

= Rs 572.5 million 

Net. Cash flow = Rs 127.5 million 

I R R = 18.2 % 

IRR is calculated on equity also. 

Payback periods and cost benefit ratios are 
calculated with and without discount. 

Packages of software programmes for working out 
profitability and various financial ratios are now readily 
available. 

Financial Consultants can furnish all the financial 
statements and financial ratios and also sensitivity 
analysis as required by Financial Institutions. 
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14.4 Sensitivity Analysis 
It is not enough to carry out profitability for one set of 
parameters. Impact of factors like variations in capital 
costs, gestation period, costs of production and sales 
price on various yardsticks mentioned above viz. 

LR.R. 
Break Even Point. 
Debt Servicing Ratio. 
Payback period. 

should also be worked out. 

Typical proforma are attached in Annexurel. 

Such Investment and Sensitivity Analysis based on 
increase in cost of raw materials, in power costs, 
reduction in sales price of cement, lower production 
of cement, increase in power costs gives a clearer 
picture about the Viability and profitability of the 
Project and helps in taking decisions about going ahead 
with it or to postpone it. 
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Annexure 1 

1. Investment Analysis 

From the financial statements following are worked out. 

Casel case2 

1. Sales price Rs/ton 

2. Total capital costs Rs million 

2. 

3. I.R.R. (post tax) 

(a) on investment % 

(b) on equity % 

4. Break Even Point % 

(a) in 3rd year 

(b) in 10 th year 

5. Debt Servicing Ratio 

average ratio 

6. Pay Back Period years 

(a) without discount 

(b) with discount 

7. Capital employed / Sales ratio 

8. Raw materials / output ratio 

9. Wages / output ratio 

10. Interest / output ratio 

11. Gross profit / capital 

12. Return on Investment % 

13. Return on Equity % 

Sensitivity Analysis 

1. 

2. 

I.R.R. varies by 

due to variation of 

(a) percent in capital cost 

(b) gestation period in -months 

(c) rupee /ton in variable cost 

(d) rupee /ton in sales realization 

Break even point varies by 

due to variation of 

(a) rupee /ton in variable cost 

% 

% 

(b) rupee /ton in sales price % 

(c) percent variation in capital 

costs 



CHAPTER 15 

~XECUTIVE SUMMARY AND CONCLUSION 

15.1 Recommendations 
Techno Economic Feasibility Studies should end with 

clear and unambiguous conclusions and 
recommendations so that the Entrepreneur can take 

the right decisions about investment. 

15.2 Recommendation 
Recommendations should be as regards : 

1. site and location, 

2. size of plant, 

3. types of cements and their proportions, 

4. specific markets and their share to be aimed at, 

5. selection of process and machinery, 

6. operating parameters, 
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7. man power requirements, 

8. suggestions about raising finances. 

TEFS should clearly bring out viability or otherwise of 
the Project so that the clients' investment is fruitful 
and he has a clear idea of the returns he can expect. 

If required additional investigations should be 
carried out to clear doubts if any. 

15.3 Executive Summary 
TEFS is a voluminous document. Hence for the benefit 
of the Top Directors or the Board of a Company it is 
useful to prepare an Executive summary so that they 
can grasp the Essence of the Project quickly and easily 
without leaving out vital aspects thereof. 

An Executive Summary is thus a very important 
part of the TEFS. 



CHAPTER 16 

16.1 Factors Governing Size of a Cement Plant 
Size of the Cement Plant is governed largely by : 

1. State of development of technology. 

2. Size of market. 

The two are related and influence each other. An 
assured and expanding market spurs development of 
technology so as to meet demands of market. 

A large size plant would generally mean a more 
efficient plant in terms of fuel consumption, power 
consumption and manpower requirements. 

When a product is not required to be tailor made 
and when market is large, like cement, large sized plants 
would afford economies of scale. Advantages of 
increased sophistication would be better realized in 
large plants. 

16.2 Total Capacity in one Place and Size of 
Single Productive Unit 

Size of a plant in terms of total capacity in one place 
and size of a single productive unit have regional and 
geographical overtones in addition to advances in 
technology. For instance, USA and European Countries 
have been always in the forefront of cement technology, 
and yet the size of a single unit has not exceeded 
5000 tpd capacity even with precalciners. On the 
other hand, in Japan, 3000 tpd capacity would perhaps 
be the smallest. A great many plants have single units 
between 8000 to 10000 tpd capacity. 

USA is a vast country with extensive deposits and 
extensive markets. To have a few very large plants 
would mean very long hauls for transporting cement 
by road and rail to reach markets. It is advantageous 
to have a large number of smaller plants spread over 
the country. 
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In Japan on the other hand, there are narrow islands 
with short overland transport. Transport is convenient 
and economical by sea. Hence a small number of large 
plants are more suited for that country. 

16.3 Optimum Size of a Plant 
Optimum size of a plant is not a fixed entity. It will 
vary with time, as it is influenced by costs of raw 
materials, fuel, power and labour. For the same country 
optimum size would tend to go up with passage of time. 
At the same point of time, different countries would 
have different optimum sizes. 

Specific cost of production tends to decrease with 
increase in size of plant. The relation becomes 
asymptotic in that there is a limiting cost even for very 
large plants. 

16.4 Mathematical Model 
A mathematical model can be worked out to arrive at 
an optimum size of a plant based on certain assumptions 
and taking into account cost factors influencing it. 

As far back as 1979 one Mr. Rouss had published 
an article in Zement Kalk Gyps on the subject. The 
model was expressed as an equation: 

(Kp - kk) pm:::: D 

where Kp = f (P) = specific manufacturing cost 

which is a hyperbolic function 

kk = asymptotic constant of the curve, 

P = annual production of cement works 

m = exponent of curve 

D = constant of curve 

kk depends on costs, particularly costs of raw 
materials and fuel; 
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m and D depend on factors like amortisation and 
operating expenses, process employed, equipment 
selected and also on standard of development of the 
country of the cement works. With progress of 
industrialization and rising standard of living, 'optimum' 
shifts towards higher outputs. 

It will be interesting to note the 'optimum' sizes 
worked out from the mathematical model above for 
some countries in 1979. 

Plant capacity single unit 

mtpa tpd 

China 1.7 2500 

2 USA 2.7 6700 

3 Japan 6.25 19000 

4 Switzerland 4.8 14000 

One single plant of 14000 tpd capacity would have 
met requirements of a small country like Switzerland; 
12 to 14 plants of 19000 tpd would have met 
requirements of Japan. Difference in optimum sizes 
for Japan and USA may also be noted. 

At that point of time in India capacity of single unit 
had not reached 2000 tpd. 

16.5 Size of Plant and Limestone Deposits 
Apart from the above, size of plant at a given site would 
also depend on size of deposits and their accessibility. 

Life of a cement plant is generally taken to be =::: 30 
years. Therefore large plants would need 
correspondingly large reserves. In any country there 
would be areas with 'massive' deposits that could 
support large plants. But there would also be 'small' 
deposits that would be suitable for small plants only. 

16.6 Cement Plants for Specific Purposes 
Accessibility of deposits also governs size of the plant. 
Deposits in hilly and inaccessible areas are difficult to 
exploit. Reaching markets is also difficult in such 
locations. 

Sometimes cement plants are set up for a specific 
purpose like for supplying cement to a large dam project 
or for roads in border areas to meet needs of defense. 
Such plants will have 'short' lives and hence they would 
have small capacity. 

16.7 Availability of Finance 
Another important factor that governs the size of the 
plant is the availability of finances. Capital costs for 
installing a cement plant are often expressed in Rs per 
ton of annual capacity. They tend to increase with 
passage of time. 

If capital costs so expressed, were say Rs 3000/ 
ton as an average, then capital costs of plants of 
different capacities would be : 

capacity mtpa 

0.66 

1.0 

1.5 

capital costs 
millionRs. 

2000 

3000 

4500 

Economic climate dictates availability of finances of 
this magnitude. 

Finances could be raised as loans from Financial 
Institutions and or by equity. Buoyancy of economy 
will decide the chances of raising money as equity. As 
the size of plant goes up chances of small entrepreneurs 
decrease. Only large Industrial Houses can raise the 
kind of finances required for large plants. Thus growth 
in Cement Industry will come by way of a few large 
or very large plants and number of Companies will 
become less and less. 

16.8 Economics of Scale 
Because of economies of scale, installation costs tend 
to come down as size of plant increase and cost of 
production also tend to go down, raw material costs 
remaining about the same. Labour costs go down 
because of increased automation. Thus relative 
proportions of elements of costs also change with size 
of plant. 

The net realization is the difference between sales 
price and various costs. Artificial regulation of sales 
prices (as it happe~ in controlled economy) pushes 
up the size of the viable plant. In free economy small 
plants can also be viable but only in specific cases. 

Since sales price is the same in a given market at a 
given point of time for all plants, large or small, it stands 
to reason that large plants would earn more profits. 
Hence for this reason also trend will be to install larger 
and larger plants. 



16.9 Acquisitions and Mergers 
There would be acquisitions and mergers. Even foreign 
Companies could be involved. This has happened in 
developed countries like America where European 

Factors Governing the Size of a Cement Plant 93 

Cement Companies have acquired interest in and 
control of American Cement Companies. It is 
beginning to happen in India also where till now Cement 
Industry was wholly indigenous. 
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CHAPTER 1 

CIVIL DESIGN AND CIVIL ENGINEERING 

1.1 Civil Design Engineering 
and Construction 

The Civil Design and Civil Engineering of the Cement 
Plant should be entrusted to a reputed company 
specialized in the design of structures, and buildings 
commonly found in cement plants. 

Apart from main factory buildings and storages, 
civil construction also includes: 

1. development of land - leveling thereof for plant, 
railway siding and colony, 

2. planning and laying of roads in plant and colony, 

3. drainage in plant and colony, 

4. periodical laying of refractory in kiln, 

5. design and installation of main water supply 
scheme, underground and overhead water tank 
and water pipe lines in plant and colony, 

6. developing of green belts in and around plant, 
quarries and colony, 

7. development of gardens and parks, 

8. non factory buildings, administrative offices and 
colony. 

1.2 Factory Buildings and Machinery 
Foundations 

Cement machinery in general is among the heaviest 
machinery in Industry with rotary kiln being the heaviest 
and dimension wise longest single piece of machinery. 
With increase in capacity of plant in terms of single 
kilns - sizes of machinery have increased corresponding 
to capacities required. 

For a short period, 2 ball mills were used for raw 
grinding capacity. Now withmller mills, single mills 
are used for capacities as large as 400 tph. 

Cement plants have perhaps the tallest structure in 
Preheater towers in any Industry apart from chimneys. 
For large capacities, 2 streams preheater are used, 
which reduce height somewhat. But with number of 
stages increasing to 6 now, preheater towers as tall as 
80-90 meters are to be commonly found. 

Storage silos for blending (Blending cum storage) 
are designed for 15000-20000 tons capacity and 
diameters ranging between 16-20 meters and cement 
silos of similar capacities and sizes are other large civil 
structures. 

Clinker can also be stored in silos. More commonly 
it is stored conical sheds with a central shaft; sheds 
are 60 to 80 metres in diameter and are totally covered. 

1.3 Preliminary Investigations 
Among the first things to be ascertained / obtained at 
the proposed location of the plant are : 

1. Map of Contours of the plot showing levels, 
natural drains, streams etc. 

2. Load bearing capacity of the soil. 

3. Depth of rock on which foundations can rest. 

4. Wind velocities at different heights in the area. 

These are important for tall structures like 
pre heater towers and tall chimneys. 

5. Seismic zone of the area in which the plant is 
located and hence the factors to be allowed for 
in the design of various structures. 

6. Underground water tables in dry and wet 
seasons. 

1.4 Functional Design 
The civil design of a structure has to be functional in 
the first place. It must be designed to house the 
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machinery in correct sequence and at different levels 
as required for flow of material and gases being 
processed in the section, with ease and without any 
impediment. 

It must provide well-designed stable foundations 
for machinery, motors, gearboxes, etc. 

Foundations must withstand static or dead loads 
and also dynamic loads arising out of running of 
machines and vibrations arising therefrom. 

1.4.1 Rotary Kiln 
The rotary kiln may be supported on 2 or more 
supporting stations with each tyre resting on two 
rollers. Kiln is an inclined rotating cylinder which tends 
to slide down, which expands in hot conditions and 
which flexes at every revolution under its own weight. 

Loads on rollers may not always be uniform. Kiln 
may leave contact with one roller altogether (for 2 
support) or with more than one roller for 3 or more 
support kilns, thus subjecting other rollers to very high 
loads albeit for short periods in each revolution. 
Because of inclination, there are thrust loads along the 
axis of the kiln. 

It is therefore necessary that detailed information 
on loads under conditions - normal and abnormal - is 
obtained from respective machinery manufacturers and 
passed on to civil designers for designing kiln 
foundations. 

1.4.2 Vertical Mills 
In vertical roller mils, dead weight of mill itself is very 
large. In addition there is a direct thrust load on the 
foundation. During grinding mill also vibrates. 

Foundations for vertical roller mill must be designed 
to take into account all these factors. To spread the 
heavy loads on a wide area, the foundations assume 
such proportions that their own weight is several 
hundred tons, which also must be added to the load on 
the soil. 

Load bearing capacity of soil is measured in TI cm2. 

The base of foundation should be so designed that the 
loads transmitted to soil in T I cm2 are well within the 
load bearing capacity of soil (weight should include 
weight of civil structures). 

1.5 Building Design 
Floor levels in a building are arranged to house 
machinery and drives at different levels. 

Column spacings are arranged to facilitate taking 
the machinery into the building and for its erection 
consistent with their impact on depths of beams. 
Column spacing has a direct influence on depths of 
beams. 

Depths of beams and sizes of columns determine 
clear space for machinery. 

The different floors of the building can have their 
own net work of secondary beams to support the 
machinery so that the load is in tum transferred to 
main beams from them to main columns and down to 
the foundations of column footings. 
See Fig. 1.1. 

Column footings are sized so that loads transmitted 
to soil are within permissible load bearing capacity of 
the soil. 
See Fig. 1.1. 

1.6 Data Needed for Civil Design 
Thus a civil designer needs to be furnished with a 
departmental layout drawing which furnishes: 

1. Dimensions of the buildings. It is a universal 
convention that building dimension is given in 
terms of centers of columns and heights are 
reckoned from tops of floor levels. 

2. Locations of machinery with their outlines; their 
relative centerlines in vertical and horizontal 
planes. 

3. Over all sizes and space occupied by machinery 
and connecting chutes and ducts in different 
views - plan, front and side elevations. 

4. Dead loads and dynamic loads. 

5. Expansion tolerances. 

6. Entry and discharge points. 

7. Layout of chutes and ducts in the departments 
with their dimensions and orientation. 

8. Openings in floor with sizes and locations. 

9. Access platforms to be provided for. 

10. Staircases and ladders and landings for access 
between floors. 

11. Maintenance requirements like : 

(a) Storing and handling refractory. 

(b) Lifting Heavy weights (rollers of mills). 

(c) Clear space required for maintenance i.e., 
for removal of shafts, etc. 
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1 Building dimensions commonly specified 
from centers of columns & beams A & B 

2 Columns - dimensions - C if sq. or CxC1 if rectangle 
- can change from floor to floor 
- smaller at upper floors 

3 Beam - width a & depth b 
- will also vary from floor to floor. 

4 d - Depth of column footings 
- according to soil & rock conditions 

5 Size of column footing f x f1 to suit 
load bearing capacity 

6 Clear height H available between floors 

7 W - Clear width between column 

8 Floor levels marked from slabs of each floor 
but levels may be also indicated from 0.00 level. 

9 Secondary I tertiary beams on each floor to 
take loads so that they get transferred to 
main beams & columns 

10 s, s1 are slab thicknesses 

Main columns 

1I--t7""'lt"-od---ill ~--- Main beam 

co 
Secondary beam 

Tertiary beam 

I· A 

Fig. 1.1 Civil design aspects. 

12. Location for lift when provided. 

13. Walkways for inspection and corresponding 

ladders and platforms. 

1. 7 Foundations 
Major foundations should be marked with benchmarks 

from which levels can be measured. 

Foundations will have marked on them, Centre lines 

of machines to be installed on them - center lines will 

be marked in horizontal plane and if need be also in 

vertical plane. 

Foundations will have: 

1. Level surfaces which can be used for 

positioning and leveling bed plates. 

2. Marked routes / channels for installing oil 

lubrication and water-cooling pipelines. 

3. Pockets for foundation bolts of adequate size 

and depth. 

Each building should have a 'benchmark' for 

reference from which heights and distances within 

building and with respect to other buildings could be 

measured. 
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Crusher 

Lfr=.=!~==~C!~~~!,~)~~O~.OO~L~e~ H+O 

- 0.0 Level 

H + 0 = Constant for a given situation 

o = Depth of pit - limited by factors like 
water table and ease of maintenance 

Fig. 1.2 Crusher - height of ramp and depth of pit. 

1.8 Utilities 
Civil designers should also be informed in advance 
about: 

1. Routing of cables, within the building, whether 
they are to be under ground / overhead; whether 
they would be concealed or exposed. 

2. Piping layout for utilities. 

3. Lighting within and outside bUilding. 

4. Sides to be covered for protecting machinery 
against wind / rain. 

1.9 Underground Water Table 
Underground water table is important as it limits the 
depths to which pits should be designed for. Else all 
pits face risk of seepage and have to be treated with 
.vaterproofing. 

In crusher for example, choice is between height 
of ramp and depth of pit. An optimum solution is to be 
found by comparing cost of ramp with depth of pit and 
its waterproofing. 
See Fig. 1.2. 

1.10 
It is always understood that building and foundations 
are for the machinery housed in them and not the other 
way round. 

Civil expenditure is a 'one time' expenditure and 
erring on the generous side is better than shortsighted 
economizing. 

1.11 Design of Silos 
In designing silos, among other factors to be 
considered are : 

1. If material is to be fluidized like in blending silos 
and in cement silos, then the walls of the silo 
would be subject to 'fluid' loads exerted by fluids 
like water and hence would be designed from 
this angle. 

2. If insides should be dry at all times as the 
seepage of moisture, rainwater, through cracks, 
etc., would result in setting of the material 
(cement) in hard mass and in formation oflumps 
which would make it difficult to extract it; it could 
also affect fluidisation adversely and hence 
blending and extraction. 

Silos should also be designed to withstand pressures 
from within. Safety hatches should be provided on top 
to release build up of pressures. 

For silos located at a distance from a building it is 
necessary to install a structure to go to the top where 
machinery like dust collectors would be installed. Such 
structure should preferably be independent of silo walls 
as otherwise danger of seepage increases. 
See Fig. 1.3. 

Some silos rest on the ground; others are raised 
and house machinery underneath them. These silos 
would have ring beams and columns of sufficient cross 
section, which support the load of the silo and also 
that of material in it. 
See Fig. 1.4. 
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Walkway 

From building 

Silo 

1 
Approach by independent 
structure for staircases 

Fig. 1.3 Silos - approach to top 

Such silos are therefore expensive but they save 
cost of another building structure like kiln feed building; 
sometimes even a separate packing plant or more often, 
bulk loading facility. 

It is always desirable to install airlift vessels at 
ground level (or in pits of not more than 1 metre depth). 
But airlift vessels are 5-6 m in height and feed points 
to them being at top, increases the height of building 
from which they are fed. 

1.12 Contours 
A contour map is very useful in ascertaining levels in 
different parts of the plot and to ascertain natural 
drainages in the plot. These could be used for draining 
the plant of rainwater etc. There could be natural 
seasonal streams flowing through the plot. They could 
be made use of to drain rainwater so that the plant 
does not get flooded. 
See Fig. 1.4 of Chapter 1 in section 6. 

In a flat contour, it is possible that a plant will get 
flooded in rainy season, if water has no where to go. 
Planning good drainage in all sections of the plant is 
therefore very important. 

Pits which house machinery and floors that go 
below ground level should also be protected against 
flooding. 

Building 

2 
Silo near building 
approach from building 

Contours could also be made use of in the planning 
of the layout of the plant. A sloping contour can be 
made use of to install kiln and cooler. 

There is considerable difference between levels at 
A & B. Civil costs could be considerably reduced if 
the natural slopes are made use of. 

In level contours, kiln pier heights would increase 
from discharge end to feed end. If ground was sloping, 
they could be of the same height as shown reducing 
civil costs. 
See Fig. 1.5. 

As mentioned earlier, belts under crusher, part of 
deep bucket conveyor and conveyors under clinker 
storage are generally housed in pits; but pits cause 
problems of : 

1. Water seepage. 

2. Dust nuisance. 

3. Difficulty in maintenance. 

If the ground is rocky excavating pits to install these 
conveyors can also be expensive. Now the trend is to 
install drag chain under the cooler at ground level. 

This no doubt increases height of preheater building 
by several meters, but is a convenient arrangement to 
reduce maintenance costs of cooler. 

Contours can be put to good use for laying out 
trestles of conveyors. 
See Fig. 1.6. 
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Opening for 
inspection & 
cleaning 

Silo at ground 
extraction from side only 

Fig. 1.4 Large diameter, flat bottom silos. 

1 

2 

AA - Sloping contour 
Height of piers & height of preheater 

/ 

building substantially reduced for sloping contour 

1 Preheater tower 2 Kiln 

Fig. 1.5 Taking advantage of contours. 

Elevated silo 
extraction can be from 
under (b) or from side (a) 

A 

I 

BB - Level contour 

3 Grate Cooler 
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A 

1 Level contour 2 Existing contour 

3 Height of trestles considerably reduced where contour slopes up wards 

A - Conveyor trestles 

Fig. 1.6 Taking advantage of contours. 

All departments need not have the same floor level 
within the plant. Small difference of c:::: 1.00 meter could 
be permissible. This would save considerable earth 
work. 

1.13 Roads 
Roads provide vital access between : 

1. The plant and the rest of the world. 

2. Various sections of the plant. 

3. Quarries from the plant. 

4. Crushers from quarries. 

Roads in quarries, between quarry and crusher carry 
heavy traffic- sometimes all round the clock. As 
working faces develop, limestone is to be hauled up 
over greater depths from pit level to reach the crushing 
plant. 

These roads should be wide enough to allow the 
large dumpers to pass each other and the slopes should 
be minimum (practical) to save fuel consumption. 

This also applies to the ramp along which dumpers 
ply to reach the crusher. The ramp should have 
minimum two lanes and a good level area at the top 
for dumpers to tum around. 
See Fig. 1.7. 

Shoulders should be provided at convenient points 
for stopping the vehicle on side so that the regular 
traffic is not blocked. 

2 

1 Top of ramp - unloading from 3 sides
room for largest dumpers; three lane 
ramp for un obstructed flow of traffic 

2 Two lane ramp with shoulders on either side 
to maintain flow of traffic 

Fig. 1.7 Design of ramp for crusher. 

Roads should be sized according to : 

(a) Density of traffic. 

(b) Sizes of vehicles plying on them. 

In this exercise, sizes of vehicles like dumpers, 
cranes, dozers, which may ply occasionally only, should 
also be taken into account. 
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In a cement plant part or whole of cement produced 
could be sent out in truck loads. 

Volume of traffic of incoming trucks and outgoing 
trucks should be calculated and roads planned 
accordingly. 

It is also necessary to provide for parking space 
for trucks that have to await loading. 

This external traffic should be kept separate from 
the other internal traffic of the plant. 

If possible, separate pathways could be provided 
for two wheelers and also parking for them, so that 
they do not get parked on road and obstruct traffic. 

In present times planning of parking spaces has 
also assumed importance because of increase in 
vehicles owned by the work force. 

All roads within the plant do not carry same volume 
of traffic. Hence widths of roads should be designed 
to suit density of traffic and sizes of vehicles plying on 
them. 

However, it would be a good idea to provide a 2-

way ring road in the plant to provide access to all 

sections for maintenance. In doing so plans for 
expansion should also be kept in mind. . 

Concrete roads would be ideal. They reduce dust 

nuisance and save fuel particularly on gradients. 

Therefore roads leading to crusher from quarries in 

particular should be concreted. 

Roads inside plant and also road from highway to 

the plant may not be concreted to start with. They 

should be concreted after the machinery is brought 

into the plant and is erected. Otherwise, roads would 
get damaged. 

Concrete roads have long life and require less 

maintenance. They also reduce complaints from 

community about dust nuisance. At project stage, it 

would be wise to provide for concrete roads. Actual 

construction can be taken after erection is over. 



CHAPTER 2 

2.1 Non-Factory Buildings 
Non-Factory Buildings are facilities which indirectly 
help in production and which are necessary for the 
smooth operation of the plant on a continuous basis. 

They include facilities like: 

A 

B 

C 

1. Workshops for machinery and electrical 
repairs. 

2. Stores for spares and consumables, bags, 
explosives and refractories. 

3. Laboratory. 

4. Engineering offices within the plant. 

5. Civil Engineering offices. 

6. Water treatment plant. 

7. Pumping stations, etc. 

8. Grid and Plant substations, H.T. and L.T. 
control rooms and panels, room for MCCs. 

1. Watch and ward - security office. 

2. Time office. 

3. Administrative office. 

4. Garages, maintenance facilities for vehicles. 

5. Petrol/Diesel pumps. 

6. Parking facilities. 

7. Public Conveniences. 

1. Guest house. 

2. Colony and recreational facilities. 

3. Shops, Post Office, Bank & other commercial 
facilities. 
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NON-FACTORY BUILDINGS 

2.2 Requisites for Non-Factory Building 
First requisite for all these is that they should be 
functional and convenient. 

Mere opulence and lavish expenditure on decor and 
materials used do not make a building suitable for the 
purpose it was meant. 

Therefore each building is to be planned in 
consultation with people, who are going to use it and 
after ascertaining their present and future needs. 

Locations of buildings should also be decided from 
the point of convenience and accessibility. -

Load centers for different categories of buildings 
should be found out (which sections need / use what 
most) and building located accordingly. 

2.2.1 Locations of Non-Factory Buildings 
Out of necessity some buildings can be located only at 
specific points in the plant like: 

1. Main security office and time office at the main 
entrance of the plant. 

2. Water treatment plant and water pumping station 
near the incoming point of water supply into the 
plant. 

3. Central control station cum laboratory near main 
production lines. 

4. Bags godown near packing plant. 

5. Electrical substation and Control Rooms near 
load centers. 

6. Quarry office and Garages for maintenance of 
earth moving machinery near quarries; 
explosives magazine at a secluded spot near 
quarries. 
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7. Administrative office should be easily accessible 
to outside parties and so located that outside 
parties do not have to enter the plant. 

Hence it would normally get located just outside 
the plant but with access to it from the rear for 
plant personnel. 

8. Parking lots for trucks and conveniences for 
drivers, also just outside the plant. 

9. Canteen and rest room for workers at a central 
point within the plant or just outside the plant. 

2.3 Drinking Water 
All buildings should have facility for drinking water. If 
water coolers are installed, so much the better. 
Disposable cups can be used. But these would have 
to be replenished regularly. 

2.4 Fans 
In India, temperatures are high almost all months of 
the year except two, three winter months. In monsoon 
humidity is high. 

Therefore providing adequate cross ventilation in 
designing buildings is a must. Even then fans and 
coolers would be found to be necessary for 6 to 9 
months of the year. 

Working places like offices must of course have 
fans at close spacing but fans must not disrupt working 
by blowing away papers. 

2.5 Air-Conditioning 
Important offices will be air-conditioned. Air 
conditioning can be central for a multi storied building 
housing Central Control Room, X-ray analyzer, 
important sections of laboratory, engineering offices, 
etc. Offices of senior executives would have room air 
conditioners. 

For rooms of large sizes, Industrial size air 
conditioners can be used. 

Room coolers are an inexpensive way of keeping 
temperatures down but they increase humidity and also 
need water supply, there can be spillage also. 

Providing comfortable working conditions by way 
of fans, coolers, air-conditioning should be treated as 
a necessity and not a lUxury. For computer systems 
and control panels, they are a must as they keep dust 
out besides maintaining comfortable temperatures and 
humidity. 

2.6 Toilets 
Toilets should be located in every building conveniently 
located and adequately sized for both gents and ladies. 
This simple but common need for plant personnel 
whether for officers, executives or workers has been 
long neglected. A few blocks located at remote places 
was the practice a few decades back. Toilets must 
have continuous and adequate water supply. 

2.7 Sizing and Layout of Buildings 
Sizing and layout of buildings should be arrived at with 
the help of architects to whom must be furnished: 

1. Primary and secondary functions and activities 
to be carried out. 

2. Number of personnel- using the facility always. 

3. Transiting personnel. 

4. Need of lighting general and focused at work 
places. 

5. Need for ventilation and air conditioning. 

6. Locations of lifts and stairs. 

Adequate room should be kept for expansion also. 

Architects should be selected on basis of their past 
experience and expertise in this type of work. 



CHAPTER 3 

3.1 Design Norms for Non-Factory Building 
Basic design nonns to be followed for various non 
factory buildings have been explained in Chapter 2. 

Now specific requirements of some of tl-te important 
buildings are indicated to help in their design and hence 
cost estimates. 

3.2 Stores 
These are generally 'central' for cement plants except 
perhaps for quarries. Stores contain 'consumables' and 
also 'spares'. Stores should be planned from point of 
ease of accessibility. 

It should be easily accessible for receiving diverse 
materials, refractories, grinding media, castings, 
lubricants and so on. If a railway line can be brought 
up to it, it can be a great convenience. 

Facilities should be provided to unload trucks and 
wagons and to shift unloaded material either into yard 
or into the stores. 

An open store yard is a must to store bulk materials 
like refractories, grinding media, heavy castings like 
rollers, gears, lining plates, cables etc., among other 
things. 

These could be handled by fork lift trucks or 
movable cranes as and when required. While castings 
could be stored in the open there should be roof over 
items like cables and refractories. Finish machined 
emergency spares like riding rings, rollers, gears etc., 
should be stored with protective covering over them. 

Oils and Greases, Cotton waste, are consumables, 
which are also fire hazards. Such materials, which are 
required regularly, should be stored under cover but 
'separately' with adequate protection against fire and 
to prevent fire spreading to other parts of the store. 
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A separate delivery or issue counter is arranged 
for daily issues. Further, they should be so stored that 
dispensation is easy and free from dust. 

Stores also need facilities to weigh in coming and 
out going goods. The scales installed should be 
adequate for this purpose. It may have a portable scale 
also. 

Considerable advance has been made in design of 
racks and bins and in equipment for handling goods 
within the store. Aisles and passages should be 
designed so that such modem equipment could be used. 

These aspects should be closely gone into and expert 
advice taken in planning a store and its layout. 

Heavier items should be stored on ground floor and 
lighter items on mezzanine. There should also be a 
closed room with cabinets for storing high cost items. 

With computers it is now easy to maintain inventory 
of stocks and their values can be obtained almost 
instantly. 

Computers can also provide infonnation on stocks, 
consumption, orders in transit etc., so that ordering 
procedure can be stream lined in such a way that stores 
do not run out of stock of any materials, stores / spares 
at any time nor do they overstock. 

Protection against fire is a specially important aspect 
of stores layout and design. 

Another important aspect is precautions against 
theft and pilferage. 

Open store yard and stores should not be accessible 
to all and sundry. Issue counters should be cordoned 
off and personnel from other sections of the plant who 
have come to draw goods from stores should wait 
there. 
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Fig. 3.1 Layout of a general stores. 

A typical layout of a General Stores is shown in 
Fig. 3.1. 

3.3 Workshops 
The extent to which a cement plant should equip its 
workshop to carry out repairs / machining of damaged 
parts, would depend on the location of the plant and 
the infrastructure facilities available in the 
neighborhood. 

Remotely located plants would have to spend 
considerable time in procuring parts from cities / 
suppliers located far away and hence should have 
better equipped workshops. 

3.3.1 Basic Facilities in Workshops 
In any case some of the 'basic' facilities should always 
be included in planning a workshop. 

(i) Turning and machining facilities like lathes; 
Lathe may also have a grinding attachment. 

(ii) Milling and planing facility including a milling cum 
boring machine and a shaping machine. 

(iii) Drilling facility to drill holes; a radial drill is a 
great help. 

(iv) Cutting facilities. 
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1 Stores 

2,3 Large doors 

4 Racks for stores items 

5 Locked enclosure for small, but valuble items 

6 Ladder for reaching top shelves of racks 

7 Trolley 

8 Weigh scale 

9 Dispersing counter 

10 Office 

11 Open enclosed yard for outdoor storage 

12 Road 

13 Covered portion of open yard for cables 

14 Oil & greases store & service 

15 Fencing around open yard 

(v) Welding facilities for electric and gas 
welding for thin sheets and also for plates up to 
25 / 50 mm thick. 

(vi) Forging facilities to forge small components. 

(vii) An open yard for marking development of plates 
for facilitating fabrication of chutes, ducts and 
hoppers. 

(viii) Plant may also have a cupola for casting small 
items. 

(ix) Plate bending machine for rolling shells and pipes. 

(x) Balancing machine for small impellers and 
rotors. 

(xi) If the plant is doing its own hard facing of 
hammers, rollers of vertical mills and roller 
presses, facility for welding in shops and in situ 
with fixtures using requisite electrodes should 
be available. 

3.3.2 Selection of Machines 
Sizes and capacities of respective machines would 
depend on size of the plant and individual largest 
components required to be made, hard faced, machined 
and ground. 
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3.3.3 Outsourcing 
It is common these days to get maintenance and repair 
jobs done outside. 

Even maintenance of sections of plant is given 'on 
contract' like maintenance of: 

(i) compressors / blowers. 

(li) air conditioners. 

(iii) laying of refractories - castables. 

(iv) computers. 

Apart from routine maintenance, plant may also 
take up from time to time additions / modifications in 
a section. The 'in house' workshop facilities can be 
handy on these occasions. 

3.4 Workshop Building 
Size of workshop building can be planned after deciding 
on the various facilities to be provided and largest size / 
weight of machines / components that may be required 
to be handled in it. 

Individual machines would be selected taking these 
into account. 

While gears / pinions often need to be reconditioned, 
there is no point in installing a gear hobbing machine 
for the purpose. They are best treated as spares and 
stocked and replenished from time to time. 

Handling of heavy and large sized individual pieces 
of machinery, placing them on machine table / beds 
etc., should be done with the help of overhead traveling 
crane, which should cover entire area of the workshop. 

While main building would contain machine tools 
of various types, annexes would include welding and 
cutting and forging facilities. An adjacent open yard 
with smooth concrete floor would provide facility for 
marking templates. 

The plate bending machine should also be installed 
by the side with overhead facility for holding plates 
being bent. 

Heat treatment facilities are required many a time 
to relieve stresses, to obtain desired hardness. Most 
common is the tempering facility. Also needed are 
facilities for heating pinion shaft assemblies to take 
out and fit on pinions and rollers on to them. Oil / gas 
fired furnaces with quenching tanks should be available 
for this purpose. 

3.5 Electrical Repair Shops 
Electrical repair shop should have facilities for 
attending to problems related to: 

1. Starters - DOL, SID, SRR. 

2. Motors - H.T & L.T 

S.c., S.R. 
D.C. 

3. Switch fuse units - Circuit breaker - oil- air 

4. Relays. 

5. Busbars. 

6. Cables - cable joints. 

7. Meters - ammeter, voltmeter, energy meter. 

8. Lighting. 

9. Transformers - Power, Current & Voltage. 

10. Earthing / Lightning. 

Planning of electrical shop should be done in the 
light of: 

(i) Facilities available in the neighborhood for 
servicing and repairs. 

(li) Possibilities of getting jobs done through 
suppliers / their service stations. 

(iii) Spares that can be maintained to tide over 
difficulty including spare starters, circuit 
breakers and motors. 

Even then the shop should be equipped to carry out 
some basic jobs: 

(i) Megger tests to check insulation. 

(li) Drying of windings when megger tests show 
need to do it. 

(iii) Cable jointing. 

(iv) Periodical inspection and checks of relays, 
safety tripping devices, and calibration of 
meters. 

(v) filtering and changing of transformer oil. 

(vi) Winding of motors. 

The electrical shop should have winding facility for 
repairing windings of motors, for repairing insulation, 
for cleaning commutators and so on. 

Often bearings of motors need to be replaced. 
These would almost always be antifriction bearings. 
A list of bearings in use should be made with the help 
of suppliers and spare bearings should be maintained 
in stock. The workshop should have hydraulic gear to 
remove old bearings and to fit new ones. 
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3.5.1 Motors 
The motors list could be regrouped according to type, 
kw rating, speed, voltage, etc. 

Conveying equipment, blowers, compressors 
feeders, air locks, remotely operated dampers etc., 
may have motors of similar specifications. Thus if 
10 numbers 7.5 kw, 1440 rpm, 440 V Squirrel Cage 
motors are in use in the plant, then it would be prudent 
to order one spare motor of this rating. 

At the other end when Raw mills and Cement mills 
are both ball mills, they could be having similar ratings. 
A plant may thus have 2 to 4 motors of similar ratings 
like of say 2000 KW, 6.6 kv, 750 rpm, slip ring induction 
type. One spare motor even for only 4 motors would 
be justified as loss of production would be much more 
costly. 

This logic should be followed to list out spare 
starters, switchgear, cables, relays, motors, etc., and 
they should be ordered and so identified. 

Whenever occasion arises, the faulty unit is 
removed and spare available put in its place. The faulty 
unit is then repaired either in company's workshop or 
sent for repairs to a properly equipped service shop. 
When it comes back is put in the 'spare' lot to serve 
as spare again. The 'spare lot' should always remain 
at the level planned. 

3.6 Lighting 
In lighting it would be prudent to have similar kinds of 
fittings, tubes, bulbs, sodium vapour lamps and so on, 
so that a minimum quantity needs to be maintained as 
spares. 

The electrical workshop would need a 'movable' 
trolley or van with a platform, which can be elevated 
to the height of light fittings for street lights. 

Locating electrical shop near mechanical workshop 
is advantageous. However, some would prefer to locate 
it near HT LT control panel rooms. 

3.7 Facilities for Maintenance of 
Instrumentation 

Maintenance facilities for central control panel and 
instrumentation, which are largely electronic and digital 
would largely call for 'replacement', as such 
components can hardly be repaired. 

Precaution is the best safeguard for long service 
life of instruments by way of providing dust free, air 
conditioned surroundings of right humidity. Power 
supply of constant voltage and frequency also lengthens 
life of instruments, computers etc. 

Such shops would be located next to central control 
rooms. 

As in case of machinery, maintenance and servicing 
of specific electrical equipment can also be given on 
'contract'. It saves recruiting of personnel with 
requisite expertise on permanent basis. 

3.8 Testing Laboratories 
Tests of different kinds are to be conducted on various 
materials and results recorded at var~ous stages of 
cement production. 

Some tests are 'statutory' laid down by Bureau of 
Indian Standards and are to be recorded and results 
submitted to BIS for approval so that cement sold in 
market can be stated to be BIS approved or as per 
specific grade of BIS. 

Tests start with basic raw material - Limestone. 
Primary tests, which need to be regularly carried out, 
are chemical analysis, in particular oxides - CaO, MgO, 
Si02, Al20 3 ' Fe20 3 and other constituents like alkalies 
and chlorides and with various statutory tests on 
cements produced. 

Earlier all these tests- destructive, non destructive 
were carried out in the Laboratory. 

Now with use of automatic sampling and 'X-Ray 
analyzer, most of the analytical tests are carried out in 
air conditioned rooms adjacent to Central Control 
Room. For convenience sake the Laboratory is now 
located in the same building to carry out other tests 
like testing strengths of cement, testing grindability, 
calorific value etc. 

Laboratory is to be designed to include machinery 
for all these tests and laid out to carry them out in an 
efficient manner. 

The laboratory should also be equipped to carry 
out physical tests to establish crushing strengths, 
grindability etc. These tests are useful to provide a 
pointer as regards power consumption and production 
from mills. 
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It is also useful to carry out tests to determine 
calorific value, moisture and ash in coal as received 
and as fired on a regular basis. 

For cement, fineness tests to establish 'blaine 
surface' and sieve analysis down to smallest micron 
sizes for various fractions in grinding circuit are 
important and are regularly made; as also strengths of 
cements made at regular intervals. Same 'X-Ray 
analyzer' would carry out analytical tests on clinker 
and cement. 

The whole purpose of tests apart from statutory 
tests, is to ensure that quality product is consistently 
produced with minimum in puts. Hence the laboratory 
must feed back instructions for appropriate corrections, 
regularly / continuously and they must work closely 
with production departments. 

It should be equipped and laid out to carry out these 
Quality Control Functions. Its planning is now 
integrated with planning of Central Control Rooms. 

3.9 Offices 
Offices of junior and senior executives and 
Management personnel should also be planned in such 
a way that offices of persons interacting most with 
one another are located nearby so that time is not 
wasted in going from one place to the other. 

A conference or meeting room on each floor for 
holding internal meetings or meeting visitors is very 
useful. The conference room would have facilities like 
black boards and over head slide projectors and 
microphone. 

There are at least two distinct schools of thought in 
planning of offices. 

1. One believes in 'open' layouts which do not have 
cabins but provide enough privacy for the 
officers when they want to concentrate on their 
work. 

2. The other believes in closed offices like cabins 
and closed halls for their executives and staff. 

It needs a great deal of thought to plan offices. 

(i) They should be planned for present and future 
needs. 

(ii) Should take into account currently available 
facilities for communication, data processing, 
personal computers, etc. 

The company may even have a server station and 
several outlets working in parallel. The office layout 
should facilitate installation of PCs, with cabling 
properly laid out. 

Lighting in the office should be adequate for the 
purpose; indirect soft lighting for general area and table 
lamps on tables would be ideal. 

Even when offices may be centrally air conditioned 
or with room AC units, fans would still be required. 

The 'offices' can become status symbol and a 
prestige issue on account of : 

(a) Area. 

(b) Carpeting. 

(c) Decor & quality of furniture. 

The differences should be kept to a minimum so 
that there are no heart bums affecting morale. 

3.10 Head Office 
Most Cement Companies would have their Head 
Office in a city or in a metropolis distant from the 
plant. 

Plant and Head Office can be linked by latest means 
of communications now available, including 'tele
conferences' so that it is not necessary for Head Office 
staff to visit works to clarify a few points and for works 
executives to visit H.O. to obtain sanctions, etc. 

Head Office may also be the center for 'Finance 
and Accounts' functions for complying with statutory 
requirements like audit, board meetings, etc. 

It would also be the hub from which the Sales and 
Marketing functions would be directed. 

The Head Office must therefore have: 

1. Central communications and data centers 
computerized and linked with plant and other 
offices. 

2. Board room for Board Meetings. 

3. Finance, Accounts and Statistics and Audit 
Sections for monitoring Company's financial 
health; interest to be paid on loans; collection of 
dues and so on. 

4. Sales and Marketing sections which would direct 
and execute policies of the Company in 
promoting sales. 
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The Head Office staff would thus have very senior 
executives like: 

(a) M.D. and CEO - a full time executive. 

(b) Marketing Director. 

( c ) Finance Director. 

(d) Director M.I.S. 

Location of Head Office in a city is important. It 
should be convenient for visitors; should be easily 
reached and should have sufficient parking place 
around it. Size of head office would depend on the 
scale of operations of a Company and hence the staff 
to be accommodated in the H.O. 

In big cities parking space is becoming critical and 
if Head Office can be planned and constructed due 
attention should be given to provide for this facility. 

Head Office should also have central/room air 
conditions or a combination of two. (The building itself 
may be air conditioned if taken on rent). 

UPS facilities for power supply to be maintained in 
times of scheduled and unscheduled power cuts 
particularly for computer systems, lifts, lights and fans 
are necessary. 

A DG set may also be installed if office is sufficiently 
large. 

3.11 Parking 
Parking facilities are now required on a much larger 
scale in the plant because of steep increase in number 
of two and four wheel, powered vehicles like scooters, 
mopeds and cars. 

Thus adequate space should be planned in the layout 
at several locations for this purpose. It is best to have 
a parking space around each building and office. 

3.12 Garages 
Garages will house company's vehicles when not in 
use and will also have facilities for normal servicing 
and maintenance. These should naturally be installed 
to suit both large vehicles like trucks and for cars. 

Garages for earth moving equipment like dumpers, 
shovels, dozers, cranes, etc., would need different kind 
of facilities and space required would be larger. If 
vehicles are to be lifted then platform with higher 
capacity hydraulic lift would be required. 

There should be two lifting platforms one for normal 
servicing and the other for repairs as vehicles under 
repairs will block the lifting facility for a longer time. 

Company will also have to plan and provide for 
'Service Stations' to dispense petrol and diesel for its 
vehicles and also for vehicles of staff. 

Quarries will most certainly have its own service 
station for its earth moving machinery. 

3.12 Facilities for Workers 
Facilities connected with labour force such as: 

1. Canteens and Rest room. 

2. Creches. 

3. Time office. 

4. Washing and cleaning facilities. 

5. Drinking water- water coolers. 

6. Public conveniences. 

7. Parking. 

Should be planned with great care so that these do 
not become cause of discontent. They should be 
designed and planned for, looking at them from workers' 
angle or point of view. 



CHAPTER 4 

4.1 Colony 
Company would be making organizational charts listing 
Executives, Officers and Staff (skilled and semi-skilled) 
that would be working in the plant. 

It would also list out sections working in : 

1. General shift, 

2. Two Shifts, and 

3. Three Shifts. 

and identify the staff in various sections according to 
their status and skills. 

Company should also list unskilled workers and 
casual labour that would be needed from time to time. 

The company has then to decide for whom they 
would have to arrange for quarters from the point of 
operational convenience including maintenance and 
repairs. 

In taking these decisions company will take into 
account locations of nearby township / village etc., and 
availability of residential accommodation there. 

Recruiting 'local' people of requisite skills is an 
advantage in that they have 'roots' there and they are 
unlikely to leave their jobs. This is particularly true of 
'unskilled' and casual labour. 

The Company would need in this age of 
computerization and Information Technology, more 
skilled and semi-skilled workers and 'knowledge 
workers' as explained in Section 3, Chapter 8. 

4.1.1 Allocation of Housing 
Staff working in sections that work round the clock 
like mills, kilns, packing plant, control rooms, (sometime 
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even quarries and crusher); staff of maintenance and 
repair section; staff of utilities like power and water 
supply sections would most probably be housed by the 
Company regardless of their qualifications or status in 
hierarchy. 

4.2 Designs of Accomodation to be Provided 
Having thus arrived at a total number of housing 
facilities, the next point to be settled is size and type of 
houses. In old times, land was cheap and hence 
individual houses (though small) were common even 
at lowest level with even a small compound for workers 
to do their gardening etc. 

With land costs being what they are it is now 
customary to build multistoried apartments, which can 
be categorized according to sizes of flats. 

1. One room, Kitchen 

2. Two Room, Kitchen 

3. Three Room, Kitchen 

According to the 
hierarchical status 

of the worker / 
member of staff 

Broad policy decisions would have to be taken to 
classify workers and the type of quarters they would 
be entitled to as shown in Table 4.1. 

It is best to keep down the varieties of types of 
houses / flats. 

In a colony, a 'house' is a 'status' symbol and 
announces salary and status of the person. Therefore 
there is a lot of heartburn in this matter, which cannot 
be avoided altogether. 

4.3 Planning the Housing Colony 
After this preliminary work, planning the layout of the 
colony can be taken in hand. 
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Table 4.1 

Designation Salary range 
Type of Area sq. 
House metres 

General Managerl 
A Deputy gen. manager 

B Manager I Dy. Managers 

C Foremen I skilled workers 

D Semi-skilled workers 

E Un-skilled workers 

Average direction of wind in each month 

Ideal 
Location for 

colony 

N 

I Overall spread 

Ideal 
Location for 

colony 

1 Source of dust emission 

S 

Wind rose for a location 

Fig. 4.1 Overall spread of directions of wind; scale can indicate average velocities also. 

First its location: 

In old times colony was next to the plant. Care 
was generally taken to locate it outside the 'wind rose' 
so that, exhausted dust will not be settling in it. 
See Fig. 4.1 

Other factors affecting location would be proximity 
to highway, village I town, etc. 

So the one nearer to highway, village etc., would 
be selected assuming that, land was available. 

Apart from 'wind rose' considerations mentioned 
earlier, it should not be so located that workers and 
officers have to cross highways I railway lines. It should 
not be too near nor too far from the plant and the town 
if close by and the highway. 

Now, almost all workers have either cycles or two 
wheelers (a great may officers have cars also). 
Therefore, colonies can be located at a distance from 
the plant. This reduces noise level and also dust 
nuisance. 



It is possible to create green belts around the plant 
and colony. 

If the plant is at a distance of > 2-5 Kms from the 
town / village, the Company would have to provide 
amenities like, supply of milk; provisions; vegetables; 
primary school and dispensary for out patients and also 
a Post Office and a Bank. 

4.3.1 Facilities in the Colony 
Colony will also have recreational facilities for workers 
like: 

(i) Satellite, transmission station, dished antenna for 
TV. 

(ii) Club with facilities for sports like, badminton, 
table tennis, cards, etc. 

(iii) Gardens with play comers for children and for 
old people. 

(iv) Playground for sports like foot ball, cricket, etc. 

Facilities to be provided for all residents would 
include: 

(a) Water supply - 24 hours or regulated. 

(b) Electricity - 24 hours. 

(c) Conservation and sanitation. 

(d) Depending on climate and location, fans, etc. 

It is for each Company to decide whether to charge 
for water (mostly free) and electricity - sometimes 
free. 

Load of lighting and electrical gadgets commonly 
used in houses should also be taken into account. 

A civil engineer supported by staff like plumbers, 
electricians, masons, etc., should be available for 
maintenance. 

Sometimes managements also construct a temple / 
a mosque on premises. 

4.4 Layout of the Colony 
The layout of a colony has to follow principles of 'town 
planning' in almost all respects. 

The layout should provide roads designed according 
to traffic, metalled or concrete. 

Trees, and gardens and parks should also be an 
integral part of the design of a colony. 

A Colony adds to capital costs of the project. It is 
possible to obtain loans for housing from Government 
agencies in some States. These could be made use of. 
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4.5 Cost of Colony 
Cost of colony can be estimated with the help of 
architects by submitting to them the preliminary design 
of Bungalows, houses, duplex houses, apartments, etc. 
It may be a good idea to appoint Architects to design 
the colony who have specialized in such work. 

A typical layout of a Colony for a Cement Plant is 
attached. 
See Fig. 4.2. 

4.6 Green Belts 
A green belt is now statutory between highway and 
the plant. It serves as noise as well as dust absorber. 
Though a good many workers could be having two 
wheelers now; it is best to arrange the colony in such 
a way that workers' houses are close to the plant and 
officers' after that. 
See Fig. 4.2. 

Companies now spend large amount on gardening 
in the plant and in colony and in landscaping in plant 
and in quarry. They encourage staff to have their own 
private gardens, A nursery as well as a horticultura\ist 
is now a part and paecel of a cement plant. 

The excavations and over burdens from quarries 
provide almost free fertile soil for gardening and 
landscaping. Landscaping can be extended to quarries 
also. Excavated and abandoned pits can be turned into 
lakes for recreation and sports. However, they should 
be well protected from operations going on in adjacent 
working sectors of the quarry. 

Wastewater treatment plant can save substantial 
quantities of water particularly for non-drinking uses 
like gardening. 

4.7 Medical Centre, Shopping etc 
The medical center and shopping facilities and 
community center should be more or less centrally 
located within the colony. 

When workers are covered by ESIS, Companies 
do not have to provide hospitalization facilities. They 
can have arrangement with ESIS hos!Jitals or with 
private hospitals for 'beds' reserved for their staff and 
workers. 

The purpose of listing these things out is to provide 
for them in capital costs and in plant layouts and layouts 
of colonies. 
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• 4 ... 

9 10 

.. 3 ... 

11 

Cement Plant 

Fig. 4.2 Typical layout of a colony for a cement plant. 

4.8 Guest Houses 
Cement plants being located in remote places are often 
required to provide boarding and lodging facilities for 
visitors on long and short term basis. 

Most cement plants would therefore have guest 
house/s for visitors, located either near the plant or in 
the colony. 

Visitors can be diverse in status, according to their 
businesses with the Company, for example, 

(a) Vendors' representatives at junior and senior 
levels. 

(b) Erection and Commissioning, Supervisory 
personnel. 

(c) Government officials at various levels. 

(d) Dealers. 

t 
2 

1 Plant 
2 Highway 
3 Workers quarters 
4 Middle level 

staffs quarters 
5 Senior executives - flats 
6 Guest house 

7 VIP-Director's Bungalow 
8 Club house 
9 Play ground 

10 Social amenities 
11 School 
12 Parking lot for trucks 
13 Park 

f"Y1) Green belts, parks 

Company's own junior bachelor staff like trainees 
would also need guest house or dormitory like facilities. 

4.8.1 Types of Guest Houses 
Guest houses thus fall into various categories : 

(i) Dormitories. 

(ii) Junior guest house. 

(iii) Middle / senior level executives. 

(iv) Very senior executives and Directors. 

Only large plants would afford to have separate 
guest houses for each of these categories. It means 
duplication of services and personnel. 

To save on capital costs and yet maintain standards 
and quality, it would be best to have: 



(a) Dormitories - single room, single bed type and 
self contained - guest house for junior officers 
and visitors of similar level. 

(b) Senior guest house for higher ups. 

For VIPs and VVIPs, there is generally a Directors' 
Bungalow that can be used. Its occupancy is minimal. 

4.8.2 Suggestions about a Guest House 
Some suggestions on design of a guest house : 

(i) It should have room air conditioners of size 
corresponding to size of room. 

(ii) Attached toilet and bath (No tub except for 
VVIPs) with geysers. 

(iii) Single beds in single rooms and twin beds in 
double rooms. 

(iv) Room should have a small desk, chair and table 
lamp for working. 

(v) A common lounge and dining room. 

(vi) Parking space around. 

(vii) The guest house should have small dormitory 
like rooms with toilets for drivers of visitors' 
cars. 

Distance of guest house from plant should be short, 
say a walking distance except for VVIP guest house. 
This way company does not have to provide transport 
for visitors to take them to the plant. 

Company's policies would decide whether only 
vegetarian meals would be served and whether liquor 
could be consumed in guest houses. 

Facilities in the kitchen should be up to date 
including, gas burners, ovens, refrigerators large and 
small- with deep freeze facilities, ventilators for kitchen 
to take away fumes, water coolers and so on. 

Some companies have introduced self service in 
canteens. It is a good idea when large number of 
people are to be served in a short time. 

It should also have recreation facilities like card 
room, table tennis and TV and Newspapers and 
Magazines. 
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4.9 Clubs 
Most Cement Companies have Clubs for recreation 
and sports. 

Company policy would decide whether there should 
be a common club for both workers and officers. The 
size of club buildings and facilities in them should be 
provided accordingly. 

Cable TV is a must for entertainment and relaxation 
of workers and staff. It links works in a remote place 
with outside world and workers do not feel isolated. 

In separate clubs, facilities get duplicated without 
getting used fully. In sports activities, borderline 
between workers and officers becomes thin. Hence, 
sports activities could be common. 

A large ground, on which outdoor sports like 
Hockey, Foot ball and Cricket and also athletic sports 
like races can be played, adjacent to the main building 
of the club would be a good idea. 

Indoor games like badminton, billiards, table tennis 
and carrom would also be provided for. Some clubs 
also have reading rooms and lending libraries. 

Clubs do have a value of their own. With active 
support and participation of Management they are a 
good meeting ground between workers and officers 
and can bring about harmony in relations. 

If the officers, which are few in number must have 
their own club, it should be sort of annexure to the 
senior guest house so that even visitors can use the 
club's facilities. 

Some companies depending on preferences of 
promoters also have: 

1. Swimming pools. 

2. Auditorium for cinema and stage shows with 
microphone and loudspeakers. 

3. Restaurant / bar. 

The facilities can be added later when a plant starts 
making profits. The use of club facilities should be 
subsidized but not free. 



CHAPTER 5 

STORAGES, SILOS, BINS AND HOPPERS 

5.1 Storages of Bulk Materials 
Bulk materials are stored in silos, bins and hoppers for 
processing. 

Crushed limestone and coal are stored in 'stock 
piles' either covered or uncovered which is a different 
form of storage. Clinker is stored in linear or circular 
stock piles or even in silos 

During building up stock piles in 'stackerrec1aimer' 
systems 'preblending' is done. Thus processing is also 
done in these storages. 

5.2 Silos 
Granular and powdered free flowing materials are 
stored in silos. 

Commonly in cement plants, raw meal and cement -
both are pulverized, dry and free flowing materials, 
are stored in silos. Clinker can also be stored in silos. 

Silos generally denote large storage capacity and 
for economical reasons are generally made in RCC. 
Capacity could be 2-3 days' requirements like say raw 
meal or 7 days' for cement. 

Raw meal and Cement are invariably stored in silos. 
With increase in sizes of plants, capacities to be stored 
increase and hence sizes of silos also increase. 

As capacity of a silo increases in proportion to 
square of the diameter and in proportion to its height, 
tendency would be to increase diameter to obtain higher 
capacities. Therefore present day silos are of 16- 20 
meters in diameters as against 7-10 m diameter silos 
of the past. 

Proportioning of dimensions of a silo would be 
governed by costs of construction which in tum would 
depend on soil conditions, its load bearing capacity, 
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depths of foundation and constructional costs all 
specific to a particular location. 

5.2.1 Flat and Conical Bottom Silos 
Small diameter silos (up to say 10 m) had conical 
bottoms, single or mUltiple cones to facilitate free flow 
of material and to achieve complete emptying of the 
silo. A few open air slides fitted in the cone facilitated 
flow of material. 
See Figs. 5.1 and 5.5. 

Fig. 5.1 Small diameter silo with conical 
bottom. 

However as diameters became larger and larger 
the height of cone increased in proportion and this 
solution was no longer feasible. Therefore flat bottom 
silos had to be adopted. 

Flat bottom silos had to be 'aerated' to fluidize 
material in it to make it flow - like it does in an air 
slide. Flat bottom silos can have two or more outlets. 



These could be at bottom or on side depending on 
layout or from other considerations. 
See Figs. 5.2 to 5.4 and 5.6. 
See also Fig. 1.4 in Chapter 1. 

Sometimes the flat bottom silo rests on the ground, 
in which case, material is extracted from the side. The 
silo bottom would be sloping on 3 sides as shown to 
facilitate flow. The bottom is sometimes made with 
ridges as shown with air slides at bottom so that the 
material flows freely. This arrangement requires much 
less air for aeration. The construction results in a slight 
loss in capacity but ensures smooth flow. 
See Fig. 5.7. 

Fig. 5.2 

Fig. 5.3 

1=-=t=F========t==r==9~ 
U a U 

I 
Large dia silo with flat bottom 

a - Extraction from bottom 
b - Extraction from side 

Large diameter silo with flat bottom. 

Flat bottom silo on ground; 
extraction from side. 

Storages, Silos, Bins and Hoppers 23 

Fig. 5.4 

Fig. 5.5 

Flat bottom silo raised on stilts 
extraction from bottom. 

Blower 

Aeration of conical bottom. 

This arrangement requires equipment for processing 
the material further to be installed outside in a separate 
building. The extracted material is required to be lifted 
to feed bins and metering devices. 

To avoid this, though at the cost of higher 
construction costs, silo is raised by 6 - 10 meters above 
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/section-ss 
Disch. outlets 

Fig. 5.6 

Fig. 5.7 

a) Plain flat bottom 

Area covered by airsides - 12-15 %. 

b) Ridged flat bottom 

Area covered by air slides := 8 to 10% 
silos with aerated flat bottom. 

ground so that the metering devices and conveying 
devices are installed along with blowers and 
compressors right under the silo. 
See Figs. 5.2, 5.4 and Fig. 1.4 in Chapter 1. 

A 18 m dia silo for example, would have 
approximately 200 m2 of free area underneath it. It 
saves costs of a separate building and double handling 
of raw meal. 

This concept is stretched to install even packing 
machines under the silos in case of cement silos. 

IZ:Z:::l Open airslides 

IZI Open air slides 

Open air slides cz::::z:::l 

Air slide 

Section-AA 

. In bulk handling of course, as has been mentioned 
earlier, silos are raised so high that bulk carriers can 
stand under the silos. Even weigh bridges are installed 
under the silo so that bulk carriers are filled with known 
weight and billed. 

5.3 Bins 
A bin is a circular silo much smaller in size and capacity. 
Bins are sort of 'service' containers holding a day's or 
a shift's requirements. Bins can be in steel or in R.C.C. 



If capacities are small, steel would be preferred. 
Also for wet materials that are difficult to flow, steel 
cones at steep angles help flow. In case of very difficult 
materials, cones can be made in stainless steel. Cone 
surfaces can also be lined with special liners with 
smooth surface. 

Bins for pulvarised coal to be used for firing in rotary 
kilns or calciners are sometimes fitted with stirrers to 
prevent formation of arches. 
See Figs. 5.8 and 5.9. 

Fig. 5.8 Stirrer to prevent arching. 

Insulation 
and lagging 
from out side 

Fig. 5.9 Stainless steel or plastic gur liner to help 
smooth flow. 
Also insulation to prevent condensation. 

For wet materials cones at outlet are heated with 
heating pads in more difficult cases and are fitted with 
vibrators in others. 
See Figs. 5.10 and 5.11. 

In any case even for free flowing materials, the 
angle of cone should never be less than 50 degrees to 
horizontal. For coals this would go up to 70 degrees. 
Principal advantage of a cone is that there are no valley 
angles and discharge is hundred percent. 

5.4 Hoppers 
Conventionally hoppers bring to mind a rectangular or 
square construction with open tops, They are used for 
feeding crushers and mills, for example: 
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1. Hopper before crusher. 

2. Hoppers to hold limestone/ clay/ iron ore for 
feeding raw mill. 

3. Hopper for coal before crusher. 

4. Hopper for coal mill. 

5. Hoppers for clinker, gypsum, fly ash, slag before 
cement mill. 

Whereas bins and silos would generally be fully 
covered at top to prevent ingress of water, hoppers 
could be either open or closed fully or partially. Crusher 
hoppers which receive materials through rear dumpers / 
trucks have to be necessarily open and therefore cause 
lot of dust nuisance. 

In case of dry material like limestone, water may 
have to be sprayed when material is being dumped 
into the hopper to suppress dust. 

Coal is generally wet and no such measures need 
to be taken for it. 

Fig. 5.10 

Fig. 5.11 

Insulation and 

lagging 

Heating outlet for smooth flow. 

Steel hopperl cone 
or pyramid 

Vibrator 

Vibrators for breaking arches. 
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5.4.1 Shapes of Hoppers 
Hoppers particularly for crushers, would be rectangular / 
square as dumpers come up to them along a ramp. 
The layout is so arranged that a hopper can receive 
material from 2 dumpers simultaneously using two sides 
of the hopper. 
See Fig. 1.7 in Chapter 1. 

Hoppers for crushed limestone can either be 
rectangular or circular. A circular cone is preferred as 
it eliminates valley angles. 

But changing from rectangular to square shape at 
top to conical at discharge creates shelves at junction, 
where material can accumulate. 
See Figs. 5.12 to 5.14. 

Lime stone Clay Iron ore 

1,2,3 Rod gates 

Slope 01, O2 to suit material and moisture 
Steep slopes for wet and sluggish materials 

Fig. 5.12 Square/rectangular hoppers 
arrangements - 1 . 

Q) 
c: 
.9 
If) 

Q) 

E 
:.:J 

Fig. 5.13 

1,2,3 Rod gates 

2 

Rectangular hoppers arrangement - 2. 

2 3 
1.2,3 Rod gates 

Fig. 5.14 Round hoppers and conical outlets. 

This may cause only problems of flow for limestone, 
clay etc., but in case of coal it is very undesirable as 
accumulated coal and dust can catch fire. Therefore, 
comers angles ledges, projection should be avoided 
for bins and hoppers for coal. 

5.4.2 Protection against Wear 
Hoppers for a primary crusher receive boulders. In 
case of limestone these can be be as big as 800 x 800 ffiffi. 
A single piece can be very heavy and its impact while 
falling from dumper can damage the hopper in no time. 
Therefore, such hoppers are invariably lined with steel 
rails projecting over concrete face. Boulders and rocks 
slide over the rails and the space between rails is filled 
with dust and small pieces and thus protects the 
concrete. 
See Fig. 3.7 in Chapter 3 of Section 6. 

For abrasive granular materials like clinker and slag 
wear is prevented by welding rings of angles on conical 
face, so that material slides over material rather than 
steel. 
See Fig. 42.10 in Chapter 42 of Section 6. 

5.4.3 Venting 
Air is displaced when material is fed to a hopper. This 
escaping air carries dust with it. Presently, therefore 
silos, bins and hoppers for mills would be totally covered 
and a dust collector installed on top to clean displaced 
air. 

All hoppers, bins and silos, require to be vented. 
For open top hoppers venting is difficult. The dust 
escaping becomes fugitive dust. 



5.5 Capacities of Hoppers 
Hoppers for limestone, clinker and slag used to be 

designed to hold requirements of one shift. However 

with raw mill capacities reaching 250-400 tph and even 

cement mill capacities reaching 100 tph and above, it is 

no longer practical to do so. Further with reclaimer 

belts of stacker reclaimer system running round the 

clock it is no longer necessary to do so. Thus hoppers 

may be designed to hold only 4 hours' requirements. 

On the other hand requirements of clay, iron ore in 

relation to lime stone and of gypsum in relation to 

clinker are so small that hoppers to hold 8 hours' needs 

are too small. Therefore for practical reasons hoppers 

for them would be designed to hold about 24 hours' 
needs; but seldom more because of sluggish flow of 

these materials in hoppers. 

5.6 Stock Piles 
Limestone, coal correcting materials, clinker and 

gypsum are stored in stock piles. 

Piles are mostly triangular and linear for all 

materials. Clinker is stored in circular stock piles of 

large diameter. Coal will also be sometimes stored in 

circular piles but of a different kind. 

Limstone stock piles could be open or only partly 

covered. When in open, not much civil engineering 

work is involved except leveling the ground and provide 

for drainage. Footings for stacker and reclaimer belts 

are to be provided along side as per Vendor's drawings. 

See Figs. 5.1 to 5.4 in Chapter 5 of Section 6. 

When covered, footings and columns for shed over 

the stock pile with roof and side cladding would have 

to be provided in addition. 
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Because of the costs involved, limestone piles will 
be in the open. Coal piles (sometimes circular) will be 
covered with a roof and side claddings. 

Correcting materials like clay and iron ore and also 
gypsum would be stored in covered sheds. 
See Figs. 5.10 and 5.11 in Chapter 5 of Section 6. 

Slag will be stored in a covered gantry with an 
E.O.T. Crane. 

5.6.1 Storing Clinker 
Clinker is stored in a covered circular conical shed 
with diameters as large as 60 to 80 metres. To increase 
storage capacity a retaining wall of 2 to 3 metres high 
will be constructed all round. 

Roof is supported on columns raised from the wall. 

At the center is a hollow shaft with slots for 
discharge of clinker received by the d.b.c. from grate 
cooler. 

Clinker is extracted by pan and belt conveyors at 
the bottom. Therefore there are a number of tunnels 
at two levels under ground. The floor area being as 
large as 5000 m2, great care is to be taken in civil 
design and construction of clinker storage. 
See Figs. 26.5, 26.14 and 26.16 in Chapter 26 of 
Section 6. 

5.7 
Estimates of civil construction costs are obtained from 
experienced civil designers who would have worked 
out procedures for it. 

For silos and clinker storage civil designers would 
have to take into account soil conditions and load 
bearing capacity at site among other things. 

While silos will be all R.c.c. sheds and clinker 
storage will be mix of R.C.C. and fabricated 
construction and of galvanized iron corrugated sheets. 



CHAPTER 6 

6.1 Utilities - Water 
Amongst the 'utilities' most important could be water. 
It is used in the plant as well as for drinking and 
household uses by workers and in departments and in 
colony. 

Water may come from bore wells or from perennial 
rivers or streams or lakes or canals. 

Overheads tanks are necessary in the plant 
premises and in colony, crusher and quarries to provide 
uninterrupted supply of water. 

While process water like that used in conditioning 
tower in ESP is lost, cooling water can be re-circulated. 
It therefore needs cooling ponds or cooling towers. 

6.2 Design of Water Supply System 
Water supply system needs to be carefully planned as 
water is a scarce resource and is becoming scarcer. 

It may not be possible to plan a water system in 
minute detail at the project stage but requirements and 
how they can be met and capital costs thereof should 
known in sufficient depth so that errors of omission 
and commission would be minimum. It would be better 
to err on safer side as it would be expensive to upgrade 
the system or enhance its capacity later. 

For example, if the requirement of water is 5 lakhs 
litres per day for the main plant and say 8 lakhs litres 
per day after expansion, it would be prudent to install 
wells in the river bed that would supply 8 lakhs litres 
per day and also arrange for pumps and pipe lines that 
would pump at that rate in the first phase only. Initially, 
pumps would work for smaller number of hours and 
after expansion for longer number of hours. 
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Overhead tank to be provided should also have 
capacity required after expansion. 

Separate overhead tanks for crusher and quarries 
and colony would be desirable even if quarries were 
close to the plant. 

6.3 Water for Green Belts, Gardens 
In present times, there is considerable emphasis on 
'green belts' and gardens and parks inside plant and 
outside and in colony. These require a good amount of 
water. 

Chemically treated sewage water could be used 
even for drinking purposes but that may not be possible 
due to sentimental objections to such schemes. 
However it can certainly be used for non drinking 
purposes like gardening mentioned above. It would be 
necessary to install a water purifying plant and separate 
distribution system to implement the scheme. 

6.4 Treatment of Water 
Water needs to be softened for long life of nozzles of 
conditioning tower and tubes of after coolers of 
compressors, oil coolers and other water-cooled 
machinery. Hence, a water treatment plant would be 
an integral part of the water distribution system. 

6.5 Water from Bore wells 
When source of water has to be 'bore wells' it would 
be necessary to establish ground water level in 
different parts of the year and in different parts of the 
plant and colony. Scientific assessment of availability 
of ground water should be done for locating bore holes. 
There should always be more than one bore well that 



too located in different parts of the plot available for 
plant and colony, so that all do not dry up at the same 
time and continuity of water supply is maintained. 

6.6 Study of Resources for Water 
Study of rainfall, maximum and minimum levels of water 
in river bed: under ground water tables - minimum 
and maximum - for at least 15 years should be carried 
out. It would help to arrive at decision of how best to 
procure water. 

6.7 Water for Captive Power Plants 
Among the major consumers of water would be diesel 
generating sets or thermal power stations for captive 
power stations. Their requirements should be assessed 
and included in planning procurement and distribution 
of water. 

Monsoons are unpredictable and hence to depend 
only on water from river, or stream would not be wise 
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even if these sources were available. It would be better 
to have a standby source in bore wells also. 

6.8 Rain Water Harvesting 
Water is a scarce resource. It gets replenished in every 
monsoon. 'Water harvesting' is a must for all future 
plants so as to ensure that water tables do not dip too 
low in dry months. 

Quarry pits could be used to store water. Quarries 
could even be a source of water when water tables 
are high and working faces go deeper and deeper. 

6.9 Typical Water Distribution System 
A typical water distribution system drawing water from 
wells in a river bed is enclosed. Quantity of water 
required is estimated as shown in Tables 6.1 and 6.2 
in Anex 1. Table 6.3 in Anex 2 furnishes desired 
quality of water. 
See Fig. 6.1. 
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Annexture 1 
Guide Lines for Estimating Requirements of Water 

1. Service (cooling) water and process water 

Table 6.1 

Quantity in m3/hr. 

Plant output tpd 1000 2000 3000 
Cooling water ::=:80 ::=: 100 ::=: 120 
consumption 

Leakage loss ::=: 10 % 8 10 12 
Sprayed water lost ( esp ) 10 20 28 

total 98 130 160 
Loss to be made good 18 30 40 

2. Drinking water 

Drinking water could be taken as 0.5 m3 per day per employee. 

Its consumption will not be uniform. Minimum quantity recommended is 5 m3 /hr. 

An overhead storage tank of minimum capacity 25000 litres is necessary 

3. Total water consumption 

• 

Table 6.2 

Plant output tpd 1000 2000 
m3/hr 

Service water 18 30 
Drinking water 5 6 

Total 23 36 
m3day 

Daily conumption 552 864 

With 20 % 660 1040 
margin 

Allowing for 1000 1600 
expansion 

* See Table 6.1 above 

Source : Otto Labahn 

3000 

40 * 
7 

47 

1128 

1350 

2000 
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Annexure 2 
Desired Properties of Raw Water 

1. Water circulating in cooling systems should have following properties: 

1. It should not have aggressive or corroding effect on metal and concrete parts of the system 

2. It should not promote growth of organisms in system 

3. It should not contain oil or grease 

4. It should be cold enough for effective heat exchange 

2. It should conform to following limiting values 

Table 6.3 

item unit 

pH value 

Carbonate On 

hardness mvaIll 

Total salt content mgll 

chlorides mgll 

sulphates mgll 

Total chlorides mgll 
and sulphates 

iron mgll 

manganese mgll 

magnesium mgll 

Suspended Solids ::::: mgll 
0.05mm 

Temp. at entry to °c 

circuit, max 

Ave. rise in temp. °C 

Source: Otto Labahn 

Limiting values 

7-9 

4-14 

1.4-5 

3000 

500 

500 

500 

1 

0.15 

60 

40 

30 

25-30 

3. Even water to be sprayed in Gas conditioning tower also needs to be soft and with minimum solid 
impurities for maintaining effectiveness of nozzles 
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Perennial water 

B1 B3 

B 1, B2, B3 - bore wells 

Over head tank colony 

.--....L...---, Pumping station 

G.C.T 

Oc:J~ 
Over head tank factory 

Colony 

Dept. 2 Dept. 3 

Dept. 1 Pumps 
~------~--------~~~~~~ 

Cooling pond 

Dept. 4 Dept. 5 Make up water 

D.G.set 
Cooling tower 

Fig. 6.1 Basic water supply scheme for plant and colony. 
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CHAPTER 1 

1.1 Power Supply and Distribution in 
Cement Plants 

All machines are driven by electric motors. Majority 
of the motors are 400- 440 volts. A selected few motors 
of higher ratings are HT motors with 3300, or 6600 or 
11000 volts. 

Most motors are fixed speed and unidirectional 
motors. 

Motors for kilns and coolers and feeders and some 
fans are variable speed motors. 

Variable speed motors can be either AC or DC 
with ratings ranging from fractional kws, for motors 
for dampers, valves etc., to several hundred kws for 
motors for fans. 

All these motors are to be supplied with electric 
power at voltage and frequency and type of circuit for 
which they are designed. 

1.2 Voltage and Frequency 
In India, frequency of power supply is 50 cycles. 
Voltage of transmission could be as high as 222 KV or 
132 KV for large capacities and 66 KV, 33 KV or 
11 KV down the line depending on MVA capacity of 
the substation. 

The voltage of generation itself would be say 
6.6 KV. It is stepped up for transmission; longer the 
distance over which power is to be transmitted higher 
the voltage of transmission to minimize losses in transit. 

1.3 Power Distribution Grids· Macro Scale 
The whole system of distribution of power can be 
shown pictorially as a 'grid' linking the several 
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generating stations in a State. Grid ensures that power 
is assured to all consumers, even to remotest customers 
at all times. 
See Fig. 1.1. 

Thus customers 'a' and 'b' can draw power from 
generating station 1,2 or 3. 

Grid within one State is connected to grids in another 
State and also to 'national grid'. 

1.4 Generation of Power 
Bulls: of the Power is generated in States by State 
Electricity Boards. It can be thermal power using coal 
as fuel; steam is generated in boilers and drives turbines 
which in turn drive alternators or generators. 

Power is also generated in 'hydel' stations by using 
water power. A balanced proportioning of generation 
between thermal and hydel power ensures availability 
of power in all circumstances in all seasons of the year. 

Hydel power is obtained from water, which in turn 
depends on seasonal rain fall. When rainfall is scanty, 
quantity of water collected is affected and power 
generation is reduced. 

Hydel power generation is thus close to the source 
or storage of water. 

1.4.1 Thermal Power Stations 
Thermal power stations based on generating steam in 
boilers by burning lcoal depend on regular supply of 
coal. This coal can come from near or from far. Its 
supply may be affected by strikes in collieries or by 
bottlenecks in transport system, and sometimes also 
by fluctuations in quality of coal supplied. 
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1 Power grid 
4 State grid 

Power station 

Sub station 1 } 

Sub station 2 132 KV 

Sub station 3 1,2,3 Power plants in the State 

132 KV sub station 

4 State grid 
5 Substations with power from grid 

6 Feeders from substation to 
smaller substation or to points of use 

at plant 33 KVsub station 
c::::J at plant 

a 
Plant transformers 

a supply to plant at 132 KV (above 5 MVA) 
b supply to plant at 33 KV (upto 5 MVA) 

Fig. 1.1 Electrical power distribution system - macroscale. 

Monopoly of State Electricity Boards to generate 
power has been diluted of late by Central and State 
Governments permitting private parties to set up large 
and small power plants. 

1.4.2 Captive Power Plants 
Power situation had become so critical in the last 2-3 
decades that Financial Institutions insisted that Industry 
should install its own Power Plant to meet at least 40% 
of their requirements. 

A large number of captive power plants installed 
by cement industry have been d.g.sets; many large 
cement plants have however opted for coal based 
thermal power plants. 

1.5 Distribution System Within the Plant 
In a cement plant also there is a 'mini grid' receiving 
power from main electricity grid and also from plant's 
captive power plant. 

They have to work simultaneously and hence 
should be 'synchronized' when working in parallel, i.e., 
the voltage, frequency and phase must match. 

Alternatively, captive power is used only to supply 
power to specific sections like kiln and one of the two 
major mills. 

However, the present trend is to size captive power 
station large enough and to synchronize captive power 
with grid power. 



There was a time when Cement Plants found it 

cheaper to use their own Power as compared to grid 

power. In recent times however prices of both Light 

and Heavy Oils have shot up and hence this situation 

does not exist any longer. 

1.5.1 Ring Mains Within the Plant 
The plant has what is known as a 'ring main' which 

supplies grid power to load centers within the plant. If 

the captive power plant is large enough there can be 

two ring mains in parallel. 
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1.5.2 H.T. Drives 
Normally, drives of following machinery would be HT 
motors. 

(i) Main crusher. 

(ii) Raw Mill. 

(iii) Preheater fan. 

(iv) Coal Mill. 

(v) Cement Mill. 

1.5.3 Variable Speed Drives 
Generally speaking, variable speed motors would be 
used for Motors listed in Table 1.1. 

Table 1.1 Variable Speed Drives. 

Sr. No. Motor for DC AC 

1. Crusher Feeder 0/ 0/ 

Reclaimer drives 0/ 

2. Raw Mill Feeders 0/ 0/ 

3. Raw Mill air separator 0/ 

4. Preheater Fan 0/ 0/ 

5. Prefeeders and Feeders for kiln Feed 0/ 

6. Kiln 0/ 

7. Grate Cooler grates 0/ 

8. Cooler vent fan 0/ 0/ 

9. Cooling air fans for at least first 

two compartments 0/ 0/ 

10. Coal mill feeder 0/ 

11. Feeders and prefeeders for 

fine coal for kiln and calciner 0/ 

12. Feeders for cement mill 0/ 0/ 

13. Separator for cement mill 0/ 

14. Pacl(ing machine 0/ 
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D Grid substation 

132/6.6 KV 
Coupler 

D.G set 

~ 
Parallel 
Bus bar 

Ring mains 

Fig. 1.2 Power distribution - with grid and D.G set in parallel. 

Grid substation 
132 KV 

1 6.6KV 

2 

1,2,3 Load centers 

Fig. 1.3 132/6.6 Kv transformers near load centers. 

1.6 H. T. and LT Drives in a Section 
Thus some sections will have only LT supply and others 
both HT and LT supply and also d.c. drives. 

One option is to step down voltage from grid voltage 
for the total plant in one place and lead HT lines from 
it to respective sections in which HT motors are used. 
See Fig. 1.2. 

This arrangement required long 6.6 KV cables to 
various sections. 

Another option is to locate transformers near load 
centers i.e., near mills and kiln. 
See Figs. 1.3 and 1.4. 

Both arrangements have their own positive and 
negative points. Main objective should be to achieve 
continuity of supply of power of right quality 

D.G set 
6.6KV 

___ Grid ring main 

6.6KV 

~ D.G. Set ring main 
6.6KV 

(fluctuations in voltage and frequency and phase should 
be within permissible limits) and flexibility (supply can 
be either from grid or captive power) without 
interruption. 

1.7 Synchronization of Grid and 
Captive Power 

Even when parallel bus bar system or ring system is 
not used, the grid supply and captive supply must 
synchronize and work in parallel or individually without 
disrupting power supply to any section of the plant. 

1.8 Power Factor 
Another important aspect is that of power factor. 

1. Induction motors work at varying lagging power 
factors depending on load. 



Grid power 
at 6.6 KV D.G set 

6.6 KV/415 V 
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6.6KV ring main 

415 Volt grid ring main 

415 V D.G. Set ring main 

6.6 KV/415 volt transformers also near load centers 

Fig. 1.4 Distribution of LT power at 415 Volts. 

Table 1.2 Ratings of motors. 

10 kw 15kw 25kw 50kw 100 kw 

Power 
factor 

Current in amps 

1 13.9 20.9 34.8 69.5 139 

0.9 15.4 23.1 38.5 77 154 

0.8 17.4 26.1 43.5 87 174 

(all motors 3 phase, 415 volts) 

2. D.C. motors have unity p.f. on d.c. side. 

3. In case of synchronous induction motors, power 
factors can be altered between leading and 
lagging. 

Power factor as close to unity between 0.95 to 0.90 
lagging is desirable to get maximum from power 
purchased from the grid station. Lower the power 
factor, less is the useful energy available and greater 
the losses. 

When power factor is unity. 

V x A x 1/1000 = KVA = KWs 

When power factor is say 0.80. 

Useful power available is 

V x A x 0.8/1000 = 0.8 VA KW 

Power bills are based on KWHs consumed and 
charges for maximum demand are on KVAs. 

1.8.1 Current Carried and Power Factor 
Current required to be carried by cables varies 
according to power factor. 
See Table 1.2. 

Say total load of above motors is 200 kws; total 
current at unity power factor would be 278 amps. If 
power factor were 0.85, the current would be 
328 amps. All cables would draw correspondingly 
higher current right up to the substation. 

It is therefore, important to correct power factor at 
levels of individual drives and also main power 
distribution panels. 
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1.8.2 Correction of Power Factor 
It is done by: 

(i) Using individual capacitors for motors and by 
using 'capacitor banks' in total sections. 

(ii) Using synchronous induction motors to correct 
overall power factor by running them on leading 
power factor. 

Let total load be 10000 KW s and let there be 
2 synchronous induction motors each of 2000 KW 
rating; Other load is then 6000 KW 

Total load consists of 

6000 KW of 0.8 lagging p.f. 

4000 KW of 0.95 leading p.f. 

overall power factor can be improved to ~ 0.96 
lagging. Current will reduce by 17 %. 
See Fig. 1.5. 

Total power factor for the plant can be worked out 
in this fashion. 

Reactive current 

Effective current 

If synchronous induction motors are not available, 
capacitor banks of suitable ratings and voltage are 
added in the circuit to obtain desired improved pJ. 

1.9 Designing Power Distribution System 
One of the first things to be done in designing the 
distribution system is to work out the power to be 
drawn from the grid for the plant. 

This can be drawn on a broad basis starting from 
overall power consumption of similar cement plants. 
For example if similar plants are consuming 95-100 
KWH/ton of cement, it may be assumed that the new 
plant will also consume the same amount and total 
power to be drawn calculated as shown in subsequent 
paragraphs. 

1.9.1 Working Requirements of Power 
Step by Step 

Alternately the exercise may be done step by step. 

Power factor 0.8 

91 - Load power factor 

92 - Corrective capaCitance 
power factor 

93 - Effective power factor 

Il, Ie - Actual load & capacitor currents 

11,12 ,13 - Effective currents 

IQ - Actual current after capaCitor 

12 Actual load current 

13 Effective load current at corrected p.f 

Fig. 1.5 Effect of power factor. 



For this the first step is to arrive at departmental 
power consumption of each section in terms of power 
1 ton of material handled. Then 'convert' it into clinker 
and then into power per ton of cement. Take example 
of Raw mill Department. 

List all drives with their ratings. 

List power drawn at rated capacity. 

Work out for total section. 
See Table 1.3. 

Total connected load is 2979 say 2980 KW 

Let Material ground be 3000 tons in 20 hours. 

Therefore Tons 1 hour = 3000/20 = 150 tph. 

Average Kwhr/ton of material ground = 26081150 
= 17A-KWH 

Power consumption per ton of clinker with a 
conversion ratio for consumption 1.55 : 1 

= 17.4 x 1.55 = 27 KWH Iton 

Using 4% gypsum - 1 ton clinker = 1.04 tons of 
cement 

Therefore power consumption per ton of cement 

=~26.0KWH 

In this manner list all sections of the plant. 
See Table 1.4. 

1.9.2 Margins to be Provided 
For working out requirements of power to be drawn, it 
is desirable to add: 
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(i) 5-10% on actual consumption. 

Assume 10 % 

(ii) Design margin of 10% on rated capacity 

Therefore, specific power consumption 

= 111 KWH/ton. 

Let rated capacity of plant = 3000tpd 

hourly = 125tph 

with design margin = 137.5 tph 

Therefore kw = 111 x 137.5 

= 15260 KWs 
This needs to be converted into KVAs. 

1.9.3 Load Factor 
For conversion power factor and load factors are to 
be taken into account. 

Power factor has been dealt with above. Though it 
would be maintained at 0.95, for working out power to 
be procured, it may be taken as 0.9. 

Load factor is a usage factor; all machines do not 
run for all the 24 hours and at a constant load. Peak 
loads occur at different times in different sections. To 
obtain required capacity in spite of fluctuations, higher 
capacity is needed to be installed. 
See Fig. 1.6. 

For cement plants where most sections work in three 
shifts, it is customary to take load factor as 80 %. 

Table 1.3 

Motors Drive rating Power drawn as % Total actual power 
numbers kw of drive rating drawn in kw 

4x 1 0.8 3.2 

3x 5 0.8 12 

1 x 60 0.8 48 

1 x 2000 0.9 1800 

1 x 500 0.85 425 

1 x 200 0.8 160 

10 x 20 0.8 160 

Total 2980 2608 
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Fig. 1.6 

Sr.No. 

Table 1.4 Power consumption for whole plant. 

Unit / Tons 
Of material 

KWH 

Quarrying 0.5 

Crushing 1.5 
Raw Material 

Grinding 16 

Blending 2 

Kiln feed 0.5 
Kiln, calciner, 

Preheater, Cooler 25 

Coal Mill 30 

Cement Mill 35 

Packing 2 
Water supply 

Lighting - Factory 
& Colony 

Other Utilities & 
Losses 

r------, 
I I 

Material 
Conversion 

factor 

2 

1.5 

1.55 

1.55 

1.65 

1 

0.15 

1 

1 

Units/ton Units/ton 
clinker cement 
KWH KWH 

1 0.96 

3.25 2.16 

24.8 23.85 

3.1 2.98 

0.825 0.79 

25 24 

4.5 4.33 

- 35 

- 2 

5 
all together 

Units 101.07 

Say 101.00 

- •• - Machine 1 

- - - - Machine 2 

.~ • .J""'"'"l,. • .J""'"'"l,..r'-• .J""'"'"l,..~ 
J 

L __ ~_...., 
- • - Machine 3 

r-- I 

I . Lr!I~._.~ -, ...... Averageload 
r •• , I For section • ( 
:! -=. -,1 
! L-.~ ,,'-te11 

. ~ I L ~ .. - .. ,,-- ~ .. - .. ~. I .1 --' •• •• I ~ 
I ~ 
I I • 
I I \I 
fl· 
I I t 
I : i 

o Time hrs. 24 

Load factor. 



Thus if 15260 KW are required and load factor is 
80%, rating to be installed would be 1526010.8 = 19080 
KW. 

Power required to be obtained in KVA at 0.9 p.f. 

= 21200 KVA. 

1.9.4 Margins for Substation 
Capacity and Expansion 

The substation capacity should allow for some margin 
for additions etc., that are not foreseen today. 
Therefore for the first phase, electrical demand would 
be fixed at with say a 25% margin. 

= 21000 x 1.25 = 26500 KVA say 26.5 MVA 

If duplication is imminent, substation should be 
designed for double capacity, i.e., incoming line should 
have capacity to deliver 53 MVA. 

In substation, transformers can be added phase
wise. 

1.9.5 Selecting Transformers 
In selecting transformers, it is a good idea to select 
two transformers in parallel rather than one. 

Transformers are generally loaded up to 70 to 
80 % of their rating. 

In above case total load = 26.5 MV A. Total rating 
of transformer would be 26.5/0.7 = 38 MV A. It would 
be preferable to select two Transformers of 19 MVA 
each or even 20 MVA each. 

If a ring system is used, there will be more than 
two transformers located near load centers. Each of 
these transformers should also be loaded to 70% 
capacity in actual operation. 

1.9.6 Standards of Design and Manufacture 
of Electrical Equipment 

All electrical equipment required in distribution of 
power starting with transformers, LT and HT switch 
boards, Motor control centers, cables etc., are 
governed by specifications and standards laid down 
by Bureau of Indian Standards and Electricity Rules 
for India and by similar standards in other countries. 
In selecting various electrical equipment, pertinent 
standards should be referred to and followed. 

Standards however specify 'minimum' requirements 
and hence it is prudent to err on safer side in design. 
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All vendors must be asked to furnish detailed 
specifications of their equipment and standards to 
which they conform. 

Entrepreneurs should furnish 'duty requirements' 
and 'technical data sheets' to vendors who must return 
them duly filled. This helps evaluation of various offers. 

1.10 Electrical Power Tariff 
Electrical tariff is in two 1 three parts : 

1. Energy consumption in Rs'/KWH. 

2. Maximum demand costs in Rs.IKVNmonth. 

3. Any other duties as may be in force in each 
State from time to time. 

Power is measured by energy meters installed by 
Grid 1 Electricity Board in their Substation. Maximum 
demand is also recorded there. 

Energy meters must of course be calibrated 
periodically. 

1.11 Maximum Demand 
Many a time sudden over loads or simultaneous working 
of all sections can push up the maximum demand and 
power drawn will exceed contracted maximum 
demand. In such a case, fine is to be paid. 

In times of power cuts, contracted demand would 
not be utilized. In general the plant would opt out to be 
penalized for not using the contracted demand rather 
than reduce it. 

In times of scarcity of power, Electircity Boards 
come down heavily on unutilized maximum demand 
and may reduce the contracted demand. 

The impact of tariff on account of maximum demand 
however is generally about 10% of direct costs of 
energy. 

1.12 Cost of Captive Power 
The cost of captive power would be different from 
that of grid power. 

Separate records need to be kept for the units 
generated and consumed in the year from captive 
power plant. 

The cost of generation can be worked out from 
(for a d.g. set) : 
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1. Consumption of fuel (efficiency of d.g. set can 
also be expressed in terms of KWHIlitre of fuel 
oil consumed, which can be converted into 
Rs/KWH, 

2. spares and maintenance, 

3. consumables, 

4. manpower, 

5. depreciation, etc. 

All added together would give overall cost of captive 
power in RslKWH 

1.13 Overall Power Costs 
Let total units consumed be 100 million and 30 millions 
are furnished by a DG Set and costs per kwh for grid 
power and captive power be as shown in Table 1.5. 

Table 1.5 

Grid Power Captive Power 

70 x 106 Units 30 x 106 Units 

Rate Rs 3.0/KWH Rate Rs 6.0/KWH 

Maximum demand 26 MVA 

Let maximum demand charges be Rs 1 OOIKV Almonth 

They would be payable even if contracted max. 
demand is not fully utilized. 

Therefore total power cost 

Grid power direct = 210 + 31.2 = Rs 241.2 million 
Cost of captive power used == Rs 180 million 

Total = Rs 421.2 million 

The overall power cost would thus be Rs 4.21lkwh 
as against Rs 3.31 for grid power. 

Cost of captive power when it is generated by 
d.g.set would be directly proportional to cost of fuel 
used for generation. 

Cost of diesel oil fuel was regulated by the 
government till recently. It used to be subsidized. Of 
late, diesel I petrol costs are governed by market forces 
and fluctuate frequently. 

Every now and then fuel costs and freight rates 
are revised and its impact is to be borne by the user. 

A calculated decision may be taken as regards 
maximum demand to be contracted. 

In general, it will be contracted without taking 
cognizance of captive power. 

But, if it is cheaper to use d.g. set and if it is used 
almost continuously, then it may be beneficial to reduce 
level of contracted maximum demand. 

1.14 D.G. Sets or Thermal Power Plants 
All States in India suffer from chronic power cuts; in 
fact have been suffering so for more than two decades. 

In some States the problem is so severe that for 
new projects, or for expansion, Financial Institutions 
themselves insist that new cement plant projects should 
incorporate captive power generation to the extent of 
40% of plants' requirements and the viability of the 
project should be examined on this basis. 

While in any given year, generation of power for 
coal based power plant could be maintained at its rated 
capacity, generation of power from Hydel power plants 
is very much subject to good or bad monsoon and levels 
of water in lakes which supply water to Hydel power 
projects. It is therefore good to have a balanced mix 
between thermal and hydel power in any State. 

1.14.1 Capacity of Captive Power Plant 
Capacity of the captive power plant to be installed 
would be different for plants of same capacity located 
in different parts of the country. 

Some States are chronically so short of power that 
power cuts begin within 2-3 months of end of monsoon 
and cannot be restored till after 1 month of onset of 
monsoon. 

A typical pattern of availability from grid would be 
as shown in Table 1.6. 

This pattern would vary from State to State, 
depending on the proportion of hydel power generated 
in it. 

If a State has for example 60% thermal power and 
40% hydel power, it can supply grid power as shown 
in Table 1.7. 

Thus in dry months maximum of 78 % power could 
be available. 
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Table 1.S Availability of grid power. 

Month Power supply available 
(%) 

January 80 

February 80 

I March 70 

April 70 

May 70 

June SO 

July 100 

August 100 

September, 100 

October 100 

November 90 

December. 90 

Overall average 83.3 

Table 1.7 Spilt up of thermal and Hydel power from Grid. 

Thermal Hydel 
Month Power Power 

% % 

January 100 80 
February 100 80 
March 100 70 
April 100 70 
May 90 SO 
June 90 SO 
July 100 100 
August 100 100 
September 100 100 
October 100 100 
November 100 90 
December. 100 90 
Average 97.5 83 

For a period of about 3 months, actually available 
power could only be about 70 %. 

From such analysis, it can be seen that the d.g. set 
to be installed should have a capacity of at least 30% 
of requirement of power. 

Total (%) 

100 x 60 +40 x 80 92 
100 x 60 +40 x 80 92 
100 x 60 +40 x 70 88 
100 x 60 +40 x 70 88 
90 xSO +40 x SO 78 
90 x60 +40 x 60 78 
100 x 60 +40 x 100 100 
100 x 60 +40 x 100 100 
100 x 60 +40 x 100 100 
100 x 60 +40 x 100 100 
100 x 60 +40 x 90 96 
90 x60 + 40 x 90 90 

91.8 

1.14.2 Rating of d.g. Sets 
However to arrive at the rating of d.g. set to be installed, 
other aspects also need to be looked into. 

Clinker is a half finished product that can be 
converted into cement at convenience if properly stored. 
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It would be the objective of all entrepreneurs to 
produce clinker continuously in spite of power cuts. 

Therefore, in arriving at capacity of d.g. set it is 
customary to include requirements of power for 
sections from raw mill to clinker storage and. work out 
the capacity of d.g. set on basis of load required to run 
these sections. 
See Table 1.8. 

Table 1.8 

Department units/ton cement 

Crusher + Raw mill 26 

Blending and kiln feed 3 

Kiln and coal mill 30 

Total 59 say 60 

In the example given earlier, 

At rated capacity of 125 tph for a 3000 tpd plant, 
kw required 

= 60 x 125 = 7500kw 

Raw Mill and its fan together would have a rating 
of (roller mill) of about 3000 kw 

For starting up the mill, the d.g. set should have a 
'ating of at least 1.7 x 3000 = 5100 kw. 

D.G. sets are seldom loaded beyond 75 - 80 % of 
their capacity. 

Therefore d.g. set to be installed should have a rating 
of (7500 - 3000)/0.8 = 5625 + 5100 = 10725 kw, 
expressed in KVA, applying a load factor of 0.8 and 
p.f. of 0.95, its capacity would be 14100 say 14000 
KVA .This is about 53 % of the 26.5 MVA grid power 
to be contracted arrived at earlier. 

Many a plant install (large or small) 40-50% captive 
generation capacity. 

1.14.3 D.G Sets and Their Utilisation 
Maintenance of d.g. sets is the plant's responsibility. 

For large capacities it would be advisable to have 
at least 2 d.g. sets, so that they are fully utilized 
according to requirement without interruption in 
generation of power. 

In above case, 1 x 14 MVA capacity set will be 
very much under utilized when power cut is less. It 
would be preferable to install say 3 x 4500 KVA d.g. 
sets, so that according to (equirements 1, 2 or 3 could 

sets run at a time. Anyone set could be easily taken 
out for overhauling without affecting production. 

1.14.4 Maintenance of D G Sets 
Normal d.g. set maintenance consists largely of 
cleaning and supplying clean air to the diesel engine. 
No efforts to clean air of even the smallest dust 
particles (0-5 microns) should be spared. 

For this purpose various cleaning devices are used: 

(i) Dry filters. 

(ii) Oil bath filters. 

(iii) Water curtains, for cleaning and cooling air. 

Cooling the air at inlet, the greater weight and hence 
better the output. 

1.14. 5 Location of D. G Sets 
D G Set should be always located at a distance from 
known sources of dust within the plant. 

The room containing D. G. Set is generally 
pressurized to prevent ingress of dust from outside. 

A slow speed engine would be larger to deliver same 
power but would be an insurance against wear and 
will have long life. 

Exhaust gases leave D. G. Set at high temperatures. 
For large capacity d.g. sets these could be used to 
generate power by 'cogeneration'. About 5% power 
can be generated from exhausts of d.g. sets. 

1.15 Installation for Supply of Oil for D. G Set 
An integral part of D. G. Set installation is the receipt, 
storage and handling of oil used. 

Since, oil is combustible and inflammable, 
precautions are to be taken in storing it. All statutory 
and constructional norms for oil storage tanks should 
be followed; like constructing an earthen bund around 
the oil tanks. 

Heavy oils need preheating for extraction and they 
are to be heated to achieve correct viscosity for 
atomisation in the engines. 

Therefore tanks are required be fitted with heating 
coils (steam or electric); oil pipe lines are not only 
lagged but are also heated by winding electric tape 
around them to keep oil at correct temperature. 



1.16 Layout of D G Set Installation 
Layout must allow for all these facilities. 

Large d. g. set engines are water cooled. Therefore 

there is a water circuit also. Most often, it will have its 

own independent water circuit consisting of pumps, 

cooling tower, piping, etc. Water should be softened to 

minimize incrustation inside the engine. 

Plant must make arrangements to bring in required 

quantities of oil used in d.g. sets and for cooling water. 

Area required for d.g. set should also be added to 

plant's requirements. 

A typical layout of a d.g. set is attached and also a 

plan showing overall plan of power plant and oil storage. 

See Figs. 1.7 and 1.8. 
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1.17 Thermal Power Plant 
When captive power plant is a coal based thermal 
station, its capacity will be arrived at in a similar manner. 
In a thermal power plant, turbines will convert power 
from steam into electricity by running generators. 

A very different layout involving coal handling and 
coal preparation plant and water supply system and 
boilers to generate steam at desired temp. and pressure 
and also condensers and recovery system for collecting 
water after steam has passed through turbine and also 
cooling towers and other auxiliaries wou~d be required. 

This is a specialized job and should be entrusted to 
Experts. 

Thermal plant should also be integrated in the main 
plant augmenting needs of land, quantities of coal and 
water, railway siding etc., for the purpose. 
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CHAPTER 2 

2.1 Power Distribution System 
in the Cement Plant 

Power Distribution System (PDS) of a Cement Plant 
begins with the Substation of the grid where power is 
received and ends with individual drives and points of 
usage. It is a large network consisting of elements like 
Transformers, H.T. and L.T. Control Panels, individual 
Distribution Boards and Motor Control Centres; 
necessary switch gear for safety and regulation and 
metering of power used at various points. 

Motors and their control gear; cables connecting 
various units from beginning to individual points of 
usage; lighting; earthing are other components of the 
system. 

Design of the P.D.S. is a specialised job and should 
therefore be entrusted to the Specialists. 

In this section only the various elements of the PDS 
will be touched upon. 

Almost all components of the PDS are governed 
by Standards laid down by Bureau of Indian Standards 
or respective National Standards of other countries. 
The prevailing Electricity Rules also lay down guide 
lines for selecting and installing the equipment. 

All such Standards should be meticulously followed 
for ensuring safety of machinery and men. 

2.2 Main Components of the PDS 
Starting from grid substation sequence of various 
components would be : 

1. Main transformers reducing voltage of 
transmission to voltage ofh.t. motors in the plant. 

POWER DISTRIBUTION AND CABLES 
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2. Transformers to reduce voltage further to 415 / 
440 volts which would be the voltage of majority 
of motors. 

3. H.T. Control panel to which main transformers 
would be connected and from which ~eeders 
would go to h. t. motors in various sections and 
to various sections of the plant. 

4. L.T. Control panels which would be as many as 
the major sections in the plant. They will receive 
h. t. voltage in the plant; transformers reducing 
voltage to 415 v will also be connected to them. 
From these panels will go feeders to ~otor 
control centers in various sections; there can be 
more than one motor control center (MCC) in a 
section. 

5. MCCs are distributed conveniently at various 
points in a department to make operation and 
maintenance easy and also from point of view 
of simplifying cable layout and reducing cable 
costs and for calculation of energy consumption. 

6. Motor control centers will also include starters 
and voltmeters and ammeters and energy meters 
and relevant safety equipment like circuit 
breakers, relays etc. 

7. Presently almost always motors and groups of 
motors would be started from central control 
room through Programmable Logic Controllers 
(PLC s). 

8. System of cables H.T. and L.T. as required to 
connect various components with one another 
to ensure continuity of supply of Power. 

9. Motors themselves to suit each application. 



As mentioned earlier, each one of these components 
is governed by the standards laid down by the Bureau 
of Indian Standards. 

2.3 Motors List 
The starting point for designing the power distribution 
system would be the detailed Lists of Motors in each 
section along with details like type, numbers, rating, 
voltage and speed and type of starter. A simplified list 
was shown in Table 1.3 of Chapter 1. 

Their locations would be shown on pertinent 
departmental drawings. 

A typical list is shown in Table 2.1 in Anex 1 

2.4 Locations and Numbers of MCCS 
Next step would be to decide on locations and numbers 
of MCCs to which these drives would be connected. 

In doing so, it should be kept in mind that the 
computation of sectional power consumption is 
facilitated. 
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In this way, number of drives, their ratings and spare 
panels to be kept in each MCC and capacities of 
incoming and outgoing Feeders are worked out. 

2.5 Panels in HT and LT Boards 
Working in this fashion, capacity and numbers of panels 
in sectional L. T.Boards can be worked out. And 
proceeding in the same manner, numbers of 
H.T.Boards and capacities and numbers of panels in 
each can be arrived at. 

2.6 Typical PD Schemes 
Procedure to work out capacities of main transformers 
has already been explained in Chapter 1. 

The entire power distribution scheme can be shown 
in adiagrarnldiagrams 
See Figs. 2.1 to 2.3. 

Also attached are 3 drawings of typical power 
distribution schemes in greater detail. 
See Figs. 2.4 to 2.6. 

Grid substation 

L..-....... -'-..,-L-r...L.,... ....... ---IL....-..L-y 6.6 KVHT Board 

Fig. 2.1 Only grid power. 

To 
Quarry! 
Crusher 

6.6 KV!415 Volts 

Various sections 
Lighting 

a....,r'----L ........ I...00-............... L......r .......... Spare 
LT Board 

MCC 1 MCC2 

Motor control centres 

Colony 

LT 
Board 
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Fig. 2.2 

Fig. 2.3 
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Power distribution schemes in the plant. 
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2.7 Cables 
Cables convey power to the point of use. There are 

HT and LT Cables according to the voltage of power 
supplied. Cables will be insulated and protected 
according to voltage. Most drives would be three phase 
motors. Majority of cables will also therefore be 
suitable for three phase. 

Power = V x I x cos e single phase and 

Power = 1.73 x V x I x cos e for 3 phase supply. 

Therefore when voltage is high, I is small, losses 
are small. It is therefore economical to transmit power 

at high voltage up to the point of use. However, HT 

cables need high degree of insulation and hence are 
costly. 

Size and type of cables, depends on the amount of 
current they carry and the voltage. 

2.7.1 Cables in Various Locations 
There are thus individual cables from motor starters 

to motors. 

There are group cables between : 

(i) MCCS and LT Boards. 
(ii) LT Boards and HT Boards. 
(iii) Transformers and HT / LT Boards. 

See Figs. 2.3 and 2.7. 

In Fig. 2.3, 

(a) are cables to individual L.T. motors of 415/ 

440V. 
(b) are LT cables to MCCS from LT boards. 
(c) are LT cables from transformer 6.6 KV / 415 V 

to LT board. 
(d) are H T cables from HT board to 6.6kV/415 

transformer. 
(e) are HT cables 6.6 KV from 33/6.6 KV 

transformer to 6.6 KV HT Board. 
(f) are HT cables 33 KV to HT Board for 

transformer. 
(g) are HT cables 33 KV from 132/33 KV 

transformer to HT Board of 33 KV 

(h) are cables for individual HT motors. 

2.8 Cable Lengths 
As a Cement plant is spread over a wide area of 
approximately 100 hectares or more, total length of 
cables adds up to substantial capital costs. 

Costs of cables vary according to their current 
capacity and voltage because of insulation. 

Thus it is most important to locate the substation 
and the distribution net work in such a way that cables 
costs are less. 

2.8.1 Reducing Quantities of Cables 
Cables lengths of individual drives can also be reduced 
if MCCS are split and located at different levels in a 
department. 

Smaller MCCS are installed at different floors. 
These are fed with single cables from main MCC on 
the ground floor. There is thus considerable reduction 
in overall lengths and costs of cables. 
See Fig. 2.7. 

Once locations of machines and drives are fixed, 
the MCC can be located and routing of cables and 
hence their lengths can be worked out. 

It is best to keep a MCC as near its load center as 
possible. 

2.9 Selection of Cable Sizes, Types 
Once the motor ratings are known, it is easy to size 
individual cables. Allowances are to be made in sizing 
cables for several factors like grouping, laying over
ground or underground, properties of soil and depth at 
which cables are laid in the ground etc. Suppliers / 
manufacturers of cables or Consultants for PDS should 
be consulted in this regard. 

However, in sizing group cables, i.e., a cable which 
is feeding an MCC and thus feeds a number of drives, 
it is necessary to keep margins for additions that may 
take place in future. 

It is also necessary to keep spare panels for say 
welding sets and additions of drives, utilities and so on 
in all MCCs and distribution boards. 

Therefore group cables b,c,d,e,f,g, in Fig. 2.3 
should be sized generously, so that they do not get over 
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loaded and are not damaged on account of short circuit 

currents. 

2.9.1 Identifying Cables 

A cable is designated by number of cores and number 

of strands, and cross sections of strands and total area 

conductors in it. It can also be designated according to 

its current carrying capacity. Important features of a 

cable would be : 

(i) Voltage of supply. 

(ii) Current to be carried. 

(iii) No. of cores / No. of strands / core / sizes / 

area of strands. 

(iv) Total cross sectional area of conductors in the 

cable. 

(v) Material of construction copper / aluminium. 

(vi) Insulation. 

Nowadays it will almost always be aluminium 

cables. 

Cables joining is important and is a specialized job 

and needs attention now and then. Cable lengths should 

be so selected as to have minimum number of joints. 

The joints should be easily accessible for maintenance. 

2.10 Cable Layout 
This is also a very important aspect of engineering 

and requires considerable thought and planning. 

There are 2 systems of cable layouts. 

1. 'Overhead', where cables are supported on steel 

racks supported on trestles and columns. They 

are overhead and hence are easily accessible 

for maintenance. 

2. 'Underground', where cables are laid in 

underground trenches up to point of usage like 

from HT and LT boards to LT boards and 

MCCs. 

See Figs. 2.9 to 2.12. 

In planning, room should be kept for expansion so 

that it is not necessary to install a completely new set 

of cable supports or dig new trenches, even when the 

entire lot of cables will almost be duplicated. 
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Cables spacing on the racks is also important and 

minimum spacing between cables should be adhered 

to. 

Cable radii - depending on size of cable and 

insulation used, cables require a minimum radius of 

bends. Bends should be generously sized. Bends add 

to cable lengths and hence number of bends and their 

radius have to be taken into account in working out 

total lengths. 

Cable laid between A to B underground has changes 

in levels and direction. 

See Fig. 2.S. 

Total length = Ll +L2+L3+lA+L5+L6 = 100m 

Additions due to bends: 4 bends each 90° at radius 

of say 1 m, extra length due to bends = 6.25 m or:::::: 6 %. 

If there are joints enroute, allowance has to be made 

for the same. 

Cable lengths are to be worked out in this fashion. 

A cable layout is thus a must. 

2.10.1 Overhead and Underground 

Layouts of Cables 

In overhead layout of cables, the major consideration 

is the head room to be allowed for when cables cross 

roads used in the plant for movement of cars, trucks, 

sometimes even dumpers. Occasionally cranes used 

for construction and maintenance also have to go along 

these roads. 

See Fig. 2.10. 

Underground cables, to avoid digging too may 

trenches would be laid along the main drains taking 

care that cables do not get submerged. 

See Fig. 2.12. 

2.10.2 Using Plant Layouts for Cable Layout 

Thus several editions of the general layout the plant 

have to be made for various purposes like, roads, 

cables, water drains, cooling water, return system to 

cooling ponds, etc. 
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-
Cable trench 

+-- Drain water to cooling pond 

Cables in trenches 

Fig. 2.12 Cable layouts to be integrated with other utilities. 

Attention given to these details will never be enough. 

While outdoor cable layouts whether underground 
or overhead can be worked out as explained, that is 
not enough. 

2.10.3 Layout within Buildings 
Cables and wires are to be taken to each drive from 
motor control centers in each section. Layouts of cables 
in various buildings should also be planned and made 
available to Civil Designers before the buildings are 
constructed. 

Lengths of cables going from ground floor to other 
floors will be taken along column faces. Some prefer 
concealed wiring as is done in housing. 

If this be the case, channels must be left (with 
accesses for maintenance) in columns or beams 
through which wires and cables can be drawn. 

Another way to avoid chipping and making holes 
in slabs, which look ugly and give an impression of 
'after thought' is to grout steel plates at regular intervals 
in faces of columns and beams, which would later on 
carry cables. This should perhaps be done whether 
cables are laid or not. Cables trays can then be fixed 
on these without requiring chipping and drill holes etc. 
See Figs. 2.13 to 2.16. 

Fig. 2.13 Along columns. 

M.S.cover plate 

M.S.channel or 
channel in concrete 

Attention to small details pays dividends as work 
can be done fast without loosing time. 

2.11 Motor Foundations 
Motor and Gearbox foundations also in a way form 
part of the planning of power distribution 

Large motors will have their own foundations. For 
small and medium size motors, a common base frame 
for motor and gearbox would be used and grouted in a 
foundation. 

Designing base frame for motor and gearbox would 
need drawings for both with details of bolt holes and 
their spacing, height of center etc. 

The cables box on the motor must come to the right 
side. 



Fig. 2.14 

Fig. 2.15 

Fig. 2.16 
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2.12 Motors 
An important aspect is direction of rotation. With a 
few exceptions all motors would be running in one 
direction all the time. If 'Unidirectional' motors are 
specified, there is a small but significant gain in 
operational efficiency of motors. 

For large drives, jackshafts are used. They also 
need base frames with tensioning device. 

The V belt drive should be so arranged that the 
tight side is at the bottom. 

The angles of contact for both pulleys and hence 
centre distance between motor and machine is also 
important. 

V belts and V belt pulleys are selected with the 
help of the suppliers for the given drive rating of the 
motor. 

There would be occasions like sudden power 
tripping when machines like conveyors and even kiln, 
cooler, etc., would have to be started on load. 

For such locations motor ratings should be chosen 
allowing for this fact in consultation with Suppliers. 
For kiln for instance motor rating would normally be 
1.6 times the full load power requirement. 

Apart from this, for such applications high torque 
motors are selected. 

In case of motors for kilns, mills and fans it is also 
necessary to know Moment of Inertia of driven 
machine and time available to bring it up to full speed 
from rest. 

Motors are selected on the basis of enclosures, 
cooling, permissible rise of temperature of the winding 
above ambient. Specifying ambient temperature and 
also this permissible rise indicates class of insulation 
of the windings of the motors. 

Most common enclosures are TEFC (Totally 
enclosed fan cooled), common classes of insulation 
are class Band F. 

See rs 114 in Section 8 on selection of motors. 

2.13 Starters 
Start the motors from zero speed to full speed. Starting 
currents are large. 

There are different types of starters. 

1. Direcl on line starters (DOL) are for small 

motors. Starting current is large and hence 

switch gear, cables and relays are selected for 

short circuit conditions pertaining to starting 

current. 

2. Star/delta starters - in this type of starter, starting 

current is reduced by applying smaller voltage 

across the motor at start. Once the motor is 

accelerated, full voltage is applied. 

The above two types of starters are used for squirrel 

cage motors, which incidentally have a high starting, 

torque. 

2.13.1 Starters for SR Induction Motor 

For large motors that is slip ring motors, rotor resistance 

starters are used. Resistance is introduced which limits 

starting current, resistance is cut gradually in steps and 

motor is accelerated slowly to reach full speed. 

It takes time to bring motor to full speed. Mostly 

the starters would have their own drive which would 

cut out the resistance in a predetermined manner 

speeding the motor. 

When the resistance or part there of is left in circuit, 

motor runs at slower speed. Thus rotor resistance can 

also be used to vary the speed of the slip ring induction 

motor. 

Variable speed induction motors, therefore have 

rotor resistance starters. However, when resistance 

is left in circuit there is loss of power. When motors 

are required to run for long periods at low speeds, such 

starters are not the ideal choice. 

2.13.2 Slip 

When no resistance is left in circuit, motor runs at full 

speed, which is synchronous speed, less slip. Normally, 

slip would be 3-5%. Synchronous speeds are a direct 

relation of number of pole and frequency, which is 50 

cycles per second in India. 

See Table 2.2. 
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Table 2.2 

Synchronous 
No. of Poles Speed in 

r.p.m. 

2 3000 

4 1500 

6 1000 

8 750 

2.14 Inertia of Load 
Motors should be able to overcome, inertia of the driven 
machine and bring it up to speed. Therefore, for large 
motors and large fan drives it is necessary to know the 
moment of inertia of the driven machine converted to 
motor speed. 

If this is not taken into account, it would take 
inordinately long to start a machine and to bring it to 
speed. 

2.15 Earthing 
This is an important aspect and should not be neglected. 
Many accidents can be avoided if earthing is done 
properly. 

All drives and electrical equipment like transformers 
and switch gear and also distribution panels and boards 
need to be adequately earthed as per practice approved 
by Electricity Boards and other statutory authorities. 
See Figs. 2.17 and 2.18. 

Running 
Speed in Slip (%) 

r.p.m. 

2900 3.3 

1440 4 

960 4 

730 3 

It should be done properly, using wires / strips of 

correct cross sections and materials. Grounding is done 

by digging pits of prescribed dimensions and depth in 

the soil. 

2.16 Lightning arresters 
Preheater tower, silos and chimneys are tall structures 

and need to be adequately protected against lightning. 

Structures standing by themselves distant from taller 

structures should also be provided with lightning 

arresters as precautionary measure. 

2.17 

An article by late Mr. P.S. Sharma on Design of Power 

Distribution System is attached as Annexure 2 with 

pertinent drawings. It brings out basic principles. A lot 

of water has flown under the bridge since it was first 

published but basics still apply. 
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Annexuture 1 

Table 2.1 List of Motors for Cement Mill Department. 

srno section motor for nos rating speed voltage type starter notes 
kw r.p.m. volts 

1. materal reCiprocating feeder 10 1500 415 variable speed high torque 
handling 

2. belt conveyor 25 1440 415 s.c. d.o.1. high torque 

3. tripper on belt 1 2 1440 415 s.c. d.o.1. 

4. belt conveyor 1 15 1440 415 s.c. d.o.1. high torque 

5. fan for bag filter 1 2 1440 415 s.c. d.o.1. 

6. cement mill weigh feeder for 1 2 1500 415 variable sped 

clinker d.c. 

7. weigh feeder for 0.5 1500 415 variable speed 

gypsum d.c. 

8. belt conveyor 1 7.5 1440 415 variable speed 

d.c. 

9. roll crusher 2 60 1440 415 s.r. s.r.s. 
;0 

19. belt conveyor 1 7.5 1440 415 s.c. d.o.1. high torque :;t 
(1) 

20. bucket elevator 20 1440 415 s.c. d.o.1. 
..., 
tl 

21. cement mill 1500 960 6600 s.r.l I.r.s. power factor 
1::;. .... ..., 
~ 

syn. Ind. correction :::: .... o· 
22. auxiliary drive 30 1440 415 s.c. d.o.1. ~ 

\:) 

23. blower for air slide 2 1440 415 s.c. d.o.1. ~ 
\:l.. 

24. pump for water 2 1 1440 415 s.c. d.o.1. Q 
\:t' 
"-

25. pump for oil 2 1440 415 s.c. d.o.1. 
(1) 

"" 
26. high efficiency 100 1500 415 variable speed 

separator d.c. Co) 
...I. 
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Annexure 2 

PLANNING AN ENERGY EFFICIENT POWER SYSTEM FOR A CEMENT PLANT 

BY 

Late Mr. P.S. Sharma, ex G.M. A.C.C. 

• Energy Costs 
Energy costs (fuel + power) have emerged as a major 
component (40-45%) in the cost structuring of cement. 
The cost of energy is going to be double in the next 
decade. In the past most of the cement plants have 
evolved around low cost of energy but now it is no 
more a question of waste or not to waste but of 
economic performance. 

Coal 4000 kcall kg 

Power 860 kcall kwh 

Total energy 7130 g call day 

Schenke diagram-energy (3000 tpd). 
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The internationally acceptable average ratio of fuel 
to power consumption in terms of heat value is 80:20 
for the industry as a whole. This figure is also borne 
out by the data on Indian Cement Industry. The ratio 
in terms of cost for fuel to power is 60:40 for wet 
process and 45:55 for dry process plants. For a typical 
3000 tpd plant, Schenke diagrams for heat as well as 
cost distribution in various plant units are shown in 
A_Fig.l and A_Fig. 2. 

QUARRY & CRUSHER 

CEMENT MILL 

OTHERS 

Hot Air 

Coal 

Elect 



Coal - 4000 Kcall kg 

Power - 860 KcallKwh 

Schenke diagram - cost (3000 tpd) 

The major share of electric power consumption is 
by raw meal/cement grinding (63%), for burning and 
coal grinding (23%) and (14%) for miscellaneous 
operations. 

There cannot be a universal approach. The time 
has come to make use of available technology for 
energy saving by installing energy efficient load 
equipment and control techniques. The cost 
comparison should also take into consideration losses 
which should be capitalized to compare different 
scheme and offers of different vendors. A typical 
example of life cycle cost of drives is given in Tables 
1 & 2. Proper selection of system deserves greater 
attention rather than merely applying high-tech controls 
to manipulate inefficient loads. Some of the conditions 
which are peculiar to our country like unreliable power 
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1 
Hot AIr 

Coal 

Elect 

supply and poor and inconsistent quality of coal should 
be kept in view during the planning stage. The subject 
of energy efficient planning has been covered under 
the following broad heads: 

• Power distribution system. 

• Captive Power Plant. 

• Selection of material handling equipment. 

• Variable speed drives. 

• Energy saving in Grinding Mills. 

• Power factor improvement. 

• M 0 & Energy control through load staggering. 

• High up - time - through proper house keeping, 
maintenance, process automation, equipment 
protection & safety. 
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Table 1 Energy consumprion and oversize motor. 

Sr.No. Motor Case1 Case2 Case3 
7.5 kw fully loaded 11 kw 66% loaded 1Skw 50% load 

1 Load kw 7.5 7.5 7.5 
2 Efficiency 88% 84% 79% 
3 Input kw 8.5 9.0 9.5 
4 Energy per 59500 kwh 63000 kwh 66500 kwh 

Year 
7000 hrs 

5 Annual running 59500 63000 66500 
Costs at Rs 1/kwh 

6 Initial cost Rs 7000 10000 13000 
7 Depreciation at 2100 3000 3900 

30%Rs 
8 Total recurring cost 61600 66000 70400 

Rs per year 5+7 
9 Recurring costs for 616000 660000 704000 

10 years Rs 
10 Life cycle cost 10 623000 670000 717000 . Years- Rs - 6+9 

Table 2 Energy consumption and motor efficiency. 

Sr. No. Motor Case 1 Case 2 
1 Rating kw 15 15 
2 Efficiency % 89.5 87 
3 Input kw 16.67 17.15 
4 Energy per year 116690 120050 

7000 hrs in kwh 
5 Annual running 116690 120050 

Costs at Rs 1/kwh 
6 Initial cost Rs 15000 13000 
7 Depreciation 4500 3900 

at 30 % Rs 
8 Total recurring 121190 123950 

Costs Rs-5+ 7 
9 Recurring costs 1211900 1239500 

For 10 years Rs 
10 Life cycle cost 1226900 1252500 

Rs-6+9 



• Power Distribution System 
The power distribution system for cement plant should 
have the flexibility to supply power to the different 
units either through self generation or from the network 
of State Electricity Board. This is necessary to meet 
the planned and unplanned load shedding by the State 
Electricity Board. 

The high tension as well as medium voltage supply 
should be connected to a common source from each 
of the under mentioned sub-units of the Cement Plants: 

• Quarry & Crusher 

• Power Plant Auxiliaries 

• Raw Meal preparation & grinding 

• Kiln & cooler 

• Cement grinding & packing 

These units are interdependent but largely 
independent and can be run in isolation for a duration 
depending upon the built-in storage capacities. 

Quarry Loads Raw mills Raw mill 
aux preparation 
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A typical power distribution diagram is shown in 
A_Fig. 3. In the event of load restriction some of the 
units could be switched off. To control the Maximum 
Demand load trimming should be adopted wherever 
possible in place of load shedding to save energy and 
start up time. For energy monitoring and control, each 
and every unit and important drives is to be provided 
with energy meters. 

• Captive Power Plant 
With the shortage of power in most of the States 
dependability of power supply from the State Electricity 
Board network has become questionable. At least 50% 
of the power requirement of the plant should be met 
from the State Electricity network otherwise unduly 
large capacity will have to be installed to take care of 
the starting requirement of large size motors requiring 
strong network to start the drives without unreasonable 
voltage drop. The Captive Power Plant should meet 
the requirements of most of the essential loads like 

Raw millsaux Kiln drive and aux Power plant aux 

Typical power distribution layout for a cement plant. 
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water supply, lighting, kiln and its associated equipment. 
Interruption of power supply to the kiln besides loss of 
production and time for start up gives thermal shock 
to the refractory, effecting the lining life. 

A Captive Power Plant may be a Diesel Generator 
or a thermal power plant, depending upon the urgency 
as well size of the unit. For a diesel generator a typical 
curve for a 3.15 MW/600 rpm unit the maximum 
permissible starting load for different base loads is given 
in A_Fig. 4. 

For a thermal plant a small diesel generator for 
starting or steam turbine for feed water pump should 

be considered. Power from the State Electricity Board 
could also be considered for start up. For start up 
synchronizing facility either from the SEB or from 

diesel generator would be required the Systems could 
be isolated after start up. 

• Material Handling Equipment 
For every tonne of Cement produced about two tones 
of material is handled. In a modern plant, 
comprehensive control and automation of material 
handling system is not only desirable but often 
unavoidable. A material handling system should be 
compact. The selection would depend on techno
economic consideration besides maintenance, and 
pollution due to fugitive dust. 

For a typical conveying system of 220 tph over 
250m horizontal and 75 m vertical distance of travel 
specific energy consumption with different types of 
conveyors have been worked out for comparison. 

Typical curve for starting load (4800 hp/600 rpm). 



A. Pneumatic screw pump 1.5 kwh/t 

B. Combined air slide, belt & air lift 0.9 kwh/t 

C. Combined Air slide, belt 

and bucket elevator 0.45 kwh/t 

Recently air cushioned belt conveyors without 

idlers and enclosed inducting have been developed 
which have overcome the maintenance and dust 
problem associated with belt conveyors. 

In a case study it was found economical (life cycle 

cost) to install two separate coal mills, one for the Kiln 

& the other for the precalcinator rather than to have 
one station with network of transport system. 

Variable Speed Drives 
Every control system has its own particular sources 

of energy loss depending on size, speed and speed ratio. 
Two broad categories are: 

variable ratio system 

Variable V - Belt; Variable ratio gear fluid drive; 

variable voltage & frequency V (P) DC & AC 

commutator motors. 

Variable slip system 

1. Fluid coupling, Torque convertor. 

2. Eddy current coupling. 

3. Wound rotor induction motors with/without slip 
recovery. 

In a system with variable flow requirements the 

input to the fan/pump drives varies according to the 

control strategy employed. The relation of control 
system to the input power to the drive is given below. 

1. Volume flow rati03 

2. Volume flow rati02 

3. Volume flow ratio 

with variable ratio speed control. 

with variable slip speed control 

with optimum damper or by-pass control 

It is evident that maximum energy saving can be 

achieved by the variable ratio speed control and most 
wasteful method is with damper control. 

See A_Fig. 5. 
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Fan or for that matter pump performance cannot 

be adequately described by single values of pressure 
and volume flow. Both quantities are flexible and have 
a fixed relation with one another given by the 
characteristics. There is a best efficiency point by 
every equipment can be operated at reasonable 
efficiency at other points. The region of satisfactory 
operation should be defined and the manufacturer 
generally offers guarantee for a performance range. 
The equipment is supposed to operate most of the time 
at the best efficiency point. 

The most commonly used electrical methods to 
achieve variable speed are: 

• Thyristor controlled DC drive. 

• Wound rotor AC withlwithout slip recovery 
system. 
See A_Fig. 6. 

Some of the other electrical methods are variable 
voltage & variable frequency (V/f) , variable voltage 
eddy current coupling etc. The DC drives are used for 
Kiln to meet the special load and operating requirement. 
For fans slip recovery is gaining ground because the 
equipment rating is limited to the extent of recovery of 
energy which would have been otherwise dissipated 
in the form of heat in the rotor resistance. This rating 
is only a fraction of the drive rating. For DC drive as 
well as V If control the equipment rating has to be rather 
little larger than the drive to take care of system losses 
and hence it is comparatively more expensive than the 
slip recovery system. 

Thyristor controlled power supply is also used for 
the control of electrostatic precipitators. 

Problems of Power Electronics Controls of variable 
speed drives can distort wave form and generate 
harmonics 

The saving in a slip recovery system is proportional 
to the square of the ratio of operating speed to rated 
speed. The pay back period is between one to two 
years depending on the rating of drive and requirement 
of speed reduction. 

Problems of Power Electronics: Controls of 
variable speed drives can distort wave form and 
generate harmonics which may adversely influence 
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the equipment at source and also cause problems 
elsewhere in the system. As compared to the total 
load, loads controlled by power electronics are still only 
a small percentage and its adverse effects have still 
not been felt strongly by the Cement Industry. 

The harmonics can cause malfunction of micro
electronic equipment now commonly used, transformer 
and motor heating, voltage stresses in power capacitors, 
by heating its dielectric. Even torsional vibration by 
V If control has been experienced on the drives. 

It is important that the power system design provide 
suitable harmonic suppression equipment as well select 
equipment and circuitry likely to generate minimum 
harmonics. With PWM control the magnitude of 
harmonics is relatively lesser as compared to phase 
shift control. 

10 

~ 80 

.~ 60 
Ie 
w 40 

20 

o 

1 
I" 

/ 

2/ 
2 LI 

/ 

1// 

20 40 60 70 80 100% 
Speed (n) 

• Energy Saving in Grinding Mills 
About 63% of the total electric power consumed in a 
cement plant is for grinding. For energy saving this 
naturally is one of the most important area because 
bulk of the power is consumed here. The choice of 
Mill for grinding raw meal, cement and coal would 
depend upon the physical and chemical properties 
besides the energy consumption. 

In the two main type of mills in common use, the 
tube and roller mill about 80 to 98% of the energy is 
lost in the form of heat and vibration. Efforts are on to 
recoup 1 this energy and the results so far had been 
far from satisfactory. New concept of grinding like 
autogeneous mill and grinding by electric discharge are 
still very much in conceptual stage. 

1 With slip recovery 2 With resistance control 

Efficiency of motor with slip recovery and resistance control systems. 

Power flow of an AC 
induction motor with 
Resistor control. 

Power flow in AC induction motor. 

Power flow of an AC 
induction motor with 
slip recovery. 



• Closed Circuit Mill: it is evident from the 
comparison of closed and open circuit mills, 
A_Fig. 7a, that closed circuit mills are preferable with 
regard to energy consumption. In case the limestone 
is of marginal grade, reject separator would be required 
besides bucket elevator and classifier. The effect of 
separator efficiency on energy consumption is shown 
in A_Fig. 7b. Introduction of '0 - sepa' separator 
enables direct and indirect saving of energy by 30% 
and considerable increase in production. 
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A_Fig. 7(a) Power consumption open and closed 
circuit cement grinding mill . 
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A_Fig.7(b) Influence of separator efficiency on 
energy consumption in closed circuit 
gril)ding. 
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• Gyratory Crusher 
These consume less power as compared to jaw crusher. 
The major advantage is that during idling they consume 
about 30% of full load whereas a jaw crusher 
consumes at least 50% of the full load power. 

Vertical Roller Mill: for softer materials these mills 
are favourable as compared to closed circuit mills. 
Theses can handle moisture content as high as 15% 
like air swept mill. The saving in power could be as 
high as 20% provided the air handling system is suitably 
designed. 

• In a closed Cement Mill specific energy can be 
reduced by 20-25% by incorporating high pressure 
roller press for pre crushing the clinker before feeding 
it to the mill. 

• By Size reduction at the crusher stage both increase 
in output and reduction in energy could be achieved. 
Crusher product size distribution of less than 20 mm 
will considerably enhance the outlet of the tube mill, 
for roller mill less than 70 mm is acceptable. 

• Changing the physicaVchemical properties of the 
feed by drying and using grinding aids. A graph showing 
the effect of moisture on coal mill output is shown in 
Fig. A_Fig. 8. Simultaneous drying and grinding is 
more popular due to ease of operation. It is more logical 
to separate drying and grinding from the point of view 
of efficiency. 

• By improving the design of the equipment such as 
ball charge distribution, compartment length, diaphragm 
design and optimum liner shapes. By using classifying 
linings in grinding mills, 3 to 4 kWhff can be saved in 
specific energy consumption. In this the Mill is divided 
into two compartments, in the first one 95% of the 
material is reduced to less than 2.5 mm. The second 
compartment is provided with segregated the ball charge 
progressively decreasing the ball size from inlet to the 
outlet of the Mill. With this technique, ball of smaller 
diameter and with lesser total charge are required. 

• Automatic Control: By providing electronic ear 
and elevator load feed back and study of different 
combination of feed rate, reject rate etc., have resulted 
in achieving optimum output as well as energy saving 
without over grinding. 

• With the steady running of the kiln and control of 
raw meal, it is possible to save grinding energy up to 
10% by producing clinker with the desired grindability. 



40 Section 5 ELECTRICALS AND INSTRUMENTATION 

20 
12 

.:t:: 

.r::. 
!i: 18 10 
:::c: 
c 8 .r::. 
0 16 ..9-.~ ... 
E 6 

::J 
a. 

::J ..... 
(() 14 ::J 
c 0 
0 4 .-'-' 
>- ~ 
01 12 
~ 2 Q) 
c 
w 

10 0 

0 2 3 4 0 

Moisture % 

A_Fig. 8 Coal mill output and power consumption for different moistures in feed. 

Temperatures higher than 110°C have progressively 
deleterious effect on the specific energy consumption. 
See A_Fig. 9 . . 

At about 120 °C and above, the phenomenon of 
false set may occur in cement grinding. The only 
effective way to reduce the mill temperature is by 
water spraying. This would also improve efficiency of 
the electrostatic precipitator. 

Wide spread practice of employing wound rotor, 
slip ring induction motor for grinding mills represent 
up to 5% loss in efficiency as compared to synchronous 
motors. The problem of starting current requires 
a,ttention in this particular application. 

• Power Factor Improvement 
The Capital cost of power transmission and distribution 
equipment is largely dependent on KVA rather than 
KW pumped through a system. This is the reason why 
two part tariff is introduced based on maximum demand 
30 minutes in MV AlKVA and energy consumed KWh. 
Some of the methods to improve the power factor are: 

• Use synchronous motors whenever possible. 

• Use Capacitor for power factor improvement. 

• Reduce voltage on lightly loaded drives. 

• Synchronous Motors 
These are fixed speed drives governed by the number 
of poles and network frequency. These can even be 

operated on leading power factor and can compensate 
for the low system power factor. These can, however, 
be used in application where requirement for starting 
torques are not high. 
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A_Fig. 9 SP. Energy consumption as a function 
of sp. surface of cement at various mill 
feed temperatures. 



Capacitor for power factor correction: These 
can be directly connected to individual drives or on 
bus. Individual drive compensation should be limited 
to the apparent power on no load of the drive to prevent 
self excitation at times when the motor is disconnected 
from power source. A combination of fixed capacitor 
for the base load and automatic control to take care of 
the variation may emerge as a desirable solution. To 
avoid the effect of system harmonics, suitable reactors 
in series with the capacitors would be required for 
harmonic suppression and protection of capacitors. 

Lightly loaded drives: these drives work on low 
efficiency and low power factor as shown in 
A_Fig. 10 (a). By suitably reducing the voltage, the 
drive could be operated on almost full load efficiency 
and power factor. The variable voltage is supplied 
through thyristor or transistor control. For speed control 
these devices are also used for limited application. This 
type of control can reduce the requirement of capacitor 
for power factor improvement as well as need for 
reduced voltage starting equipment. Acceleration current 
limits can be incorporated according to requirements. 
Typical speed torque curve for different voltages and 
motor acceleration are also shown in A_Fig. 10 (b). 
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A_Fig. 10(a) Percentage efficiency, power factor Vs 
load. 
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In certain limited applications reduced voltage could 
be obtained by connecting the winding in star; this is in 
case the motor is normally designed for delta operation 
and the starting torque requirement are met at this 
reduced voltage. 

Improvement in power factor besides reducing 
equipment losses could also enhance capacity of 
equipment like transformer etc. A typical example is 
given below. 

A transformer of 1000 KVA is connected to a load 
of 750 KW at 0.75 pf. The pf. is improved from 0.75 
to 0.95. 

The transformer full load losses are 2.8 KW and 
11.8 KW for noload and copper respectively. 

Initial transformer loading of 750 kw at 0.75pf. = 
1000 KVA; at the same load but 0.95 pf., it would be 
790KVA 

Additional Capacity of 1000 - 790 = 210 KVA is 
available by improving pJ. from 0.75 to 0.95 205 KVA 

Cu. Losses at 0.95 p.f. = (96)2 x 11800 = 7.5 KW 

Total losses 7.5 + 2.8 = 10.3 KW 

Reduction in losses (11.8 + 2.8) - 10.3 = 4.3 KW 

Energy saving 4.3 x 30 x 24 = 3096 x KWh 

Cost of Saving/month a 50 p/KWh. = Rs 1548 

Maximum Demand & Energy Control through 
Load Staggering 

The energy bills are generally charged on two part 
tariff, the Maximum Demand MD in KVA for thirty 
minutes and energy consumption in KWh. 75% of the 
contracted MD charges are to be paid even with the 
lesser demand plus the energy charges. Considerable 
saving can be achieved by controlling the MD to any 
fixed value between 75% to less than 100% of the 
Contract Demand. The kiln and the cooler units are to 
be run on continuous basis but the working of Quarry 
& Crusher, Mills, Packing House, etc., could be 
staggered to limit the MD. To stagger the Raw mills 
and Cement Mills th\,! normal operating hours 140 hi 
week has to be reduced. This would call for increased 
capacity of Mills, its associated equipmeht besides 
larger storage facilities and also double handling of 
material to and from storage. This aspect has to be 
weighed against power saving as well as power 
availability which is generally is short supply. 

This would also incidentally reduce manpower and 
allow sufficient time for maintenance of the equipment. 
Marginal control of MD should be through load 
trimming rather than load shedding. For example a 
crusher may continue to run, but its feed may be cut 
or reduced to trim the load. 

Even at process level load staggering could be 
adopted both for MD control and energy saving. A 
typical study of precipitator dust disposal system is 
shown in A_Fig. 11. 

• High up Time 
This is one element which can contribute to increase 
in production and low specific energy consumption. 
Some of the measures to increase in the uptime are 
listed below: 

• High reliability Equipment. 

• Process Automation. 

• Equipment Protection. 

• Safety. 

• High Reliability Equipment 
This is achieved by selecting equipment of proven type 
and suitable for environmental condition existing in a 
Cement Plant. The electric motors should preferably 
of protection type IP 54 / IP 55 and load cells etc., of 
IP 567 the electronic equipment for the field should be 
able to withstand the environmental rigours at the point 
of application including vibrations. Electronic control 
equipment should be installed in dust free air 
conditioned control rooms. Electrical control should be 
pressurized to avoid ingress of dust. 

• Process Automation 
With the proliferation of micro-electronics and 
availability of micro-processor, it is now possible to 
improve process monitoring capabilities and introduce 
reliable and cost effective control system. The systems 
are generally software based and are highly flexible 
and modification and changes can be incorporated 
without elaborate changes in wiring as required in the 
hardwire logic system. 

Programmable logic controller now called 
programmable controller because of their application 
beyond simple logic are available as standard hardware. 
These have built in self diagnostic and debugging 
facilities. Even interlocks can be defeated from the 
central control room without touching the defective 
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Screw conveyors under esps - staggering of operation for saving energy. 

element in the field and this way down time can be 
reduced. Monitoring devices like zero speed switch, 
proximity switches etc., are bypassed through software 
during start up. The installation of proximity switches 
have averted major breakdowns and have considerably 
reduced the down time (MTTR). In place of large 
number of instruments for process information share 
display through VDU of alphanumerical and graphic 
display of process from over view to selective view 
with important process parameters is now being used. 
In this case the information is processed and only the 
relevant portion is presented to the operator. 

With data logging and retrieval of information, 
downtime, delays, and deviations from set parameters 
are available for analysis and corrective action. For 
raw meal preparation with on-line X-ray analyzer 
dynamic computer control of raw meal is being 
effectively achieved. 

• Equipment protection 
All the electrical drives should be protected against 
over load and in special cases stalling protection should 
also be provided. The normal thermal over load relay 
generally used for motor protection is only suitable for 

continuous duty motors. Motor with duty cycle 
operation should be provided with embedded thermistor 
or Rtd's in the winding. Large size motor should also 
be protected against number of starts. Microprocessor 
based load track relays are available which can 
simulate and protect the motor against any abuse 
beyond its design parameters. 

The bearings of drives, gear boxes, gear oil etc., 
are also provided with temperature scanner, conveyors 
are provided with belt sway switch and magnets for 
the removal of tramp iron, For non-magnetic material 
metal detectors are provided for the protection of 
equipment like crusher etc. 

• Safety 
The accidents are a source of human misery besides 
loss in man hours and productivity. The safety can be 
achieved by the recognition of presence of hazard. 
Proper earthing and protection of electrical equipment 
is a very vital safety factor. Some of the typical 
protection and monitoring devices on a material handling 
system are shown in A_Fig.12. Some of the features 
are listed below. 
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Typical protective and monitoring devices on material handling systems. 

• Proper earthing or double earthing as per I.E 
rules. 

• Control voltage preferably 110 volts through 
control transformer. 

• Stop lock push button close to each drive. 

• Prestart signal - as a warning signal to clear 
the operational area. 

• Pull-cord switches on conveyors. 

• Conclusion 
Designing an energy system requires a multidIscipline 
approach. It involves selection of high reliability and 
favourable to energy consumption equipment, process 
monitoring, control and stabilized operation to obtain 
high up time. 

In order to achieve steady operation of the Kiln, 
the limestone and fuel require blending through stacker 
and re-claimer, evaluation of material flow, component 
analysis and proportioning facilities besides 
homogenizing for the raw meals. 

For controls Programmable Logic Controller PLC/ 
PC are recommended with suitable sensors for process 
monitoring and control and VDU programmer for 

programming as well as fault diagnostics. Data logger 
and information retrieval system for down time analysis 
and corrective action is a must for a modem cement 
plant. Proven hardwares are available and software 
can be developed on ongoing basis taking into 
considerations prevailing situation in the country with 
regard to poor and inconsistent quality of coal supply 
and unreliable power supply system. 

The power supply system reliability shall be 
enhanced through in plant generation to at least meet 
the requirements of the pyro-processing units. The 
power distribution system shall be with double bus to 
provide flexibility of operation through transfer of load 
from the State Electricity Board to in plant Generator 
or vice versa depending on the situation. Centralized 
monitoring and control shall be considered for load 
shedding or load trimming to keep the Maximum 
Demand MD within desired limits. The MD shall also 
be controlled through load staggering. 

The material handling equipment in order of energy 
consumption from high to low starts with pneumatic 
screw conveyor followed by fluxo, air lift, air slide, 
bucket elevator and belt conveyor. The selection would 
depend upon maintenance requirement and pollution 
due to fugitive dust besides the energy consumption. 



In certain cases storage could be bypassed under 
normal operation and only the excess material over 
and above the process requirement shall be pumped 
into the storage. This itself can save considerable 
energy by avoiding double handling of the material. 

For air and water handling facilities requiring 
variable demand, variable speed drives could be 
effectively used to save power which is lost in the 
dampers or rotor resistances. For large drives slip 
recovery systems pay back period would be less than 
two years and in many cases even less than a year. 

Power factor improvement besides reducing the 
system losses would also make available additional 
capacity of transformers for better utilization. 

Grinding Mills are major consumers of energy. 
Proper selection of Mill and control can yield 
considerable saving in energy. Break through is still 
awaited for a really energy efficient grinding system. 

In Brief an Energy Efficient Design would involve: 
• Flexible Power Distribution system with double 

bus. 
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• Avoid voltage transformation as far as 
practicable. Transformer losses could be as high 
as 3% 

• In-plant power generation to meet the 
pyroprocessing requirements. 

• Selection of energy efficient equipment. 

• Capitalize equipment losses and compare life 
cycle cost rather than first cost. 

• Selection and planning of material handling 
system favourable to energy. 

• Power Factor improvement through synchronous 
motors and capacitors. 

• Variable speed drives with slip recovery system 

• Maximum Demand control through load 
staggering and load trimming. 

• Process Monitoring and control system with 
information retrieval. 

• High up time through proper house-keeping and 
maintenance. 



CHAPTER 3 

POWER CONSUMPTION AND ITS CALCULATION 

3.1 Power Consumption 
A very significant operational and efficiency parameter 
is power consumption. 

The electrical power distribution system and the 
distribution of meters of different sections should be 
organized to facilitate measurement of 'sectional' 
power consumption in terms of materials treated in 
them. 

Location of every drive and the Motor Control 
Center (MCC) from which it is fed should be clearly 
known. 

MCCs should therefore be so divided to facilitate 
calculation of power, Section wise. 

3.2 Power Consumption in Crushing Section 
For example, in crushing section, MCCs should have 
energy meters to record units of energy consumed in 
24 hour periods. Knowing stone crushed in that period, 
it should be possible to calculate units/ton of material 
and also per ton of clinker and cement. 

Stacker Reclaimer system would have two rates : 

One for stacking which is equal to crushing rate or 
crusher output. 

Another for reclaimer which feeds mill hoppers. 

It should be possible to know: 

1. Stone crushed. 

2. Units consumed by stacker belts and arrive at 
specific power (1) for stacking in KWH/ton of 
limestone. 

46 

3. Stone reclaimed. 

4. Units consumed by reclaimer and belts and 
arrive at specific power (2) for reclaimer in 
KWH/ton of limestone. 

Total for stacker and reclaimer = (1 + 2) units/ton 
of limestone 

Alternately, stacker units could be added to crusher 
and reclaimer units to raw mill. 

3.3 Raw mill and Blending Sections 
Similar logic would apply to : 

raw meal conveyed to blending silo. 

raw meal extracted from blending silo. 

because rates of feed and extraction and hours of 
working are similarly different. 

The confusion can arise in defining where raw mill 
section ends and where blending section begins. 

Location of airlift would suggest that the blower 
for it should be located in blending section - normally 
it would be located under the blending silo. 

Thus even if physically located in another section, 
the drive should be clubbed in appropriate section for 
calculating sectional power consumption. 

To do this, it would be necessary to define the limits 
of the section and list drives included in it with ratings. 

The location of MCCs of each drive may also be 
listed to facilitate clubbing. Flow charts can become a 
handy tool for identifying drives. 
See Figs 3.1, 3.2 and 3.3. 



Power Consumption and its Calculation 47 

3 

n 

/ 
() [] 

11 
La'=========================================oo QC!====D .. 

Motor for 

1 Feeder 
2 Crusher 

3 Dust collector fan 

4 Short belt under crusher 
5 Long belt to stacker 

6 Movements of stacker 

DC 
HT 
LT 

LT 

LT 

LT 

7 Stacker belt L T 
8 Reclaimer movement - cross L T 

9 Rec/aimer pan conveyor L T 
10 Reclaimer movement - length wise L T 

11 8elt to raw mill L T 

Power consumption 
crusher 

Power consumption 
stacker reclaimer 

10 

HT motor crusher 

Fig. 3.1 

I 
/ 

J1 I 3 

I.:~ I-
I I 4 I 5 I 6 I 7 I 8 I 9 

1
10 

1 

LT motors 

:1: 
LT motors 

E2 

E1 energy meter HT - for crusher 
E2 energy meter L T -crusher section 

11 I 
Eil 

E3 energy meter L T -stacker J-Se t' . cion 
E3 energy meter LT-reclalmer 
Power-crushing E1+E2 
Stacker reclaimer E3 

Power consumption of crusher and stacker reclaimer. 



48 Section 5 ELECTRICALS AND INSTRUMENTATION 

B 
A 

I I 

II 

L Raw mill -'--'---f'~"""'-+-f--+-'--B-le-n-d-in-g-~G-ln-~1:ee=d===14 

~ A-LT&HT drives Raw mill section ----l-- B-Blending & ~ 

Fig. 3.2 

E1-HT energy metres 
E2 -L T energy metres 

Raw mill - blending - Kiln feed 

3.4 Procedure for Calculating 
Power Consumption 

In Chapter 1 the procedure for calculating section 
wise power consumption and converting it into sp. 
power consumption for clinker and cement has already 
been outlined in para 1.9.1. It need not therefore be 
repeated. 

In any section after defining the limits as explained 
above, and using Energy meters, first total units 
consumed in a given period say one day are found. 
Number of hours of operation in that section and tons 
of material processed in that period are ascertained 
from log sheets. 

As an example calculation for crushing plant is 
shown in Table 3.1. Limits - as shown in Fig. 3.1. 

In some cases only 1 MCC will be installed in the 
crusher section. It will be necessary to isolate drives 

storage & extraction 
LT drives 

E3 

C-Kiln feed 
E4 

if sectional power consumption is to be known 
separately for crusher and stacker reclaimer in that 
MCC. 

Confusion generally arises with conveying equipment 
and storages between departments. 

3.4.1 Coal Mill and Coal Firing 
Confusion arises as regards where to include power 
for coal fired, in Coal mill section or in kiln section. 
Logically it should be in kiln section. 
See Fig. 3.3. 

(i) 'p.; shows limits of Coal Storage and Crushing 
and Coal belt to mill. 

(ii) 'B' shows limits of Coal Mill section. 

(iii) 'C' shows limits of Coal firing in kiln and calciner. 

Physically MCCs for A & C would be located in 
Coal Mill building / burners platform. If only 1 MCC is 
installed, then drives for mill and blowers and fans and 
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Table 3.1 List of drives in crushing section. 

Sr.No. Motor Identification Nos Rated MCC Location Remarks number kw No. ofMCC 

1 Feeder M1 1 10 1 

2 Crusher M2 1 250 1 (") Club for .., 
specific c: 

3 Lub. Equipment M3 1 1 1 en :::r power 
t1I 

4 Belt Under Crusher M4 1 5 1 
.., for crusher 

5 Fan for Bag Filter M5 1 10 1 
Compressor for Bag 

6 Filter M6 1 2 
CJ) -7 Belt to Stacker M7 1 15 2 Q) 

Club for 0 
7\ 

specific t1I 
8 Stacker M8 1 5 2 

.., 
I power for 

CD 

9 Reclaimer M9 1 10 2 
Q. stacker 
Q) 

reclaimer 3· 
10 Belt to Raw Mill M10 1 15 2 t1I .., 

B 

A 

~ _e, ~l 

~
crUSher~ 

I 
C 

L __ Coal firing E4 

Power consumption coal firing-to couple with kiln. 

Power consumption coal crushing & grinding - in coal mill section 

Co~/6 Lf I 
ell ~ 

Coal crushing 
E1 

A - Coal crushing 

B - Coal grinding 

C - Coal firing 

E1.E2.E3,E4-energy metres 

E1 - Energy meter - coal crushing 

E2 - HT energy meter for coal mill 
E3 - LT energy meter for coal mill 

E4 - LT energy meter for coal firing 

Drives to be clubbed with energy meters so that specific power consumption section wise facilitated. 

Fig. 3.3 Coal crushing - grinding and firing. 
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feeders for coal firing would also be included in the 
same MCC. To get a clear picture it would be better 
to have a separate MCC for Coal firing. MCC for 
coal mill and auxiliaries could be located on ground 
floor and MCC for coal firing on burners platform. 
With this arrangement it would be easy to calculate 
power for coal firing and add it to kiln section for 
computing sp. power consumption for kiln. 

Table 3.2 in annexurel, brings out the drives for 
3 sections shown in Fig. 3.3. It would be ideal to have 
3 MCCs for 3 sections with their own energy meters. 
If MCCs A & C are to be combined because of 
locations, it should have 2 separate energy meters. 

Power consumption calculated from meters in 
sections of coal mill and coal crushing will go to coal 
mill and power consumption calculated from coal fIring 
will go to kiln section. 

3.4.2 Power Consumption in Kiln Section 
The total power consumption of Kiln section could 
include various sections as shown in Fig 3.4 and in 
Table 3.3 in Annexure2. 

3.4.3 Power Consumption on Account of 
Common Dust Collector for Raw 
Mill and Kiln 

Yet another area which can cause confusion is where 
to include drives for GCT / ESP / ESP Fan and or 
conveyors under dust collector or Bag Filter, its 
compressor which would be common to raw mill and 
kiln sections. 

To make kiln section complete these should be 
included in kiln section regardless oflocations ofMCCs. 
In Table 3.3 annexure 2, these are included in kiln 
section. 

In such a case it would be clearly understood that 
specifIc power calculated for raw mill ends up at raw 
mill fan only. 

It may be better to have different MCCs with their 
own energy meters for: 

(i) Kiln up to and including preheater fans, GCT 
pumps and Screws conveyors- A. 

(ii) Mill, with Feeders, Mill, Mill fans - B. 

(iii) ESP, HT rectifIer, shaking mechanisms, screws 
locks, ESP Fan - C. 

(iv) ESP Dust Conveyor and compressor / blower 
for airlift - D. 

Power consumption may then be calculated as follows: 

(i) Only kiln works, specific power kiln 

=A+C+D 

(ii) Kiln and Mill both working 

For Kiln = A + C + D 

For Raw Mill = B 

As explained above it is decided to add power for 
dust collector to kiln section even when dust collector 
is common to both sections. 

Table 3.4 illustrates this point. 

When dust collector is to be clubbed with kiln, 

Sp. power consumption with 

Only kiln running: for kiln::: 30 kwh/ton cement 

Kiln and raw mill both running: for kiln 30 kwh/ton 
cement + for raw mill 18.5 kwh/ton of cement. 

= 48.5 kwh/ton cement 

In this fashion, power consumption and sp. power 
consumption for each Section can be worked out and 
converted into sp. power con. /ton of Cement. 

Table 3.4 

section Sp.power consumption kwh/ton 
Per ton material Per ton clinker Per ton cement 

Kiln feed 2 3.4 3.25 
Kiln, preheater, 13 12.5 
Calciner, and coal 
firing 
Grate cooler 10 9.6 
Raw mill Ikiln 3 4.8 4.6 
esp 
Raw mill excluding 12 19.2 18.5 
esp 



Fig. 3.4 

1 Kiln, cooler & calciner 
2 Kiln -raw mill dust collector 
3 Raw mill (vertical) 
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E5,E6 ~ 
1 Direct opration - kiln - power consumption - E 1 to E4 
2 Combined operation:-

Kiln ] 
Raw mill 

E1to E4 

E5-E6 

Drives to be clubbed so that power consumption of specific sections facilitated. 

E1,E2 & E3 - energy metres kiln, cooler, calciner 
E4 - energy metres - dust collectors 
E5-E6 energy metres - raw mill 

Power consumption kiln, cooler, calciner, dust collector and raw mill. 
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Annexure 1 

Table 3.2 Table showing drives in coal mill, coal firing and coal crushing. 

Rated MCC 
Location 

Energy Meter 
Sr.No. Nos of KW No. 

MCC Nos. 

Coal mill 
Ground 

1 Feeder Raw Coal 1 3 1 floor 2 
1 high tension for 

2 Mill 1 150 1 coal mill 
1 for other 

3 Mill gearbox 1 3 1 drives 

4 Rotary Lock fo Cyclone 1 1 1 

5 Circulating Air I Bag Filter 1 80 1 
Fan 

6 Screw Conveyor under Bag 1 3 1 
Filter 

7 Rotary air lock for Bag Filter 1 1 1 

8 Compressor for Bag Filter 1 2 1 

Coal firing 
Burners 
platform 1 

9 Weigh Feeder - Kiln 1 3 2 

10 Weigh Feeder - Calciner 1 5 2 

11 Rotary Airlock Kiln 1 1 2 

12 Rotary Airlock Calciner 1 1 2 

13 PAFan 1 50 2 

14 Blower for Calciner 1 80 2 

Near coal 
Coal crushing stacker 

reciaimer 1 

1 Feeder for Uncrushed Coal 1 5 3 

2 Crusher for Coal 1 35 3 

3 Belt Conveyor for Coal 1 5 3 
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Annexure 2 

Table 3.3 Drives in kiln section. 

Material 
Sp. Sp. Sp. 

Sr. No. limits 
treated 

powerlton powerlton power/ton 
material clinker cement 

Raw 
1 Kiln Feed Section exraction from Blending Silo meal 

Ending with Raw Meal 
Airlift I elevator for Kiln 

2 Preheater - Calciner PH fan, Air blasters,dampers, Clinker 
Kiln kiln drive, 

hydraulic thruster, fans for nose 
and shell coolina clinker 

3 Grate Cooler Cooler grates, fans, Clinker 

dampers, spillage drag chain, 

main deep bucket conveyor 

10 Fan and damper 

HT recetifier for cooler ESP, 

Drives for shaking mechanisms 

Screw/chain conveyors 

under ESP 

4 Coal Firing Weigh feeder blowers, fans, Coal 

rotary lock as shown above 
Dust Collection Raw 

5 equipment A) ESP Meal 

for Kiln and raw mill 1) Water pumps for GCT Dust 

Exhaust Gases 2) HT Rectifier sets 

3) Shaking mechanisms 

4) Screws conveyors under 

ESP & GCT valves 

5}Espfan 

or 

B) BAG FILTERS 

1) Fan for dilution air 

2) compressor for shaking 

3) Fan for bag filter 



CHAPTER 4 

INSTRUMENTATION AND PROCESS CONTROL 

4.1 Process Control 
No other section of a cement plant has made so much 
progress as this. With Process Computers (PCs) 
acquiring the capabilities of old time mainframe 
computers, it has become not only feasible to install 
more comprehensive instrumentation and process 
control but it has become cheap also and has come 
within the reach of even small plants. As the subject is 
vast, we will deal with the basics only. 

In the operation of any process plant, which 
produces products useful for the community, materials 
are bought in and worked upon physically, chemically 
and in other ways to bring about the product, useful to 
the individuals, to society and to Industry. 

The process of production can generally be divided 
into sections and sub-sections with materials handling 
and storages in between. 

For smooth, continuous operation, the processes in 
each section must be carried out efficiently and 
according to the standards laid down for them. Finished 
product of one section is the raw material of another 
section. Therefore, each section must receive raw 
materials of given specifications and process it to 
another set of given specifications and pass it on the 
next section. 

The transition from raw materials to finished product 
is not always a strictly linear sequence of operation. 
There are inputs from auxiliary or supporting processes, 
which are used to make finished products in that section 
-like preparation of fuel for instance. 

All this processing and sub-processing require 
continuous monitoring to maintain quality and 
parameters of efficient operation. 
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To do that it is necessary to measure them and 
record them continuously. It is also necessary to be 
able to make changes in case of deviations as and 
when required so that the deviations are within the 
range that can be tolerated. 

Thus, it is first necessary to list the parameters that 
need to be measured and recorded and those that also 
need to be monitored and regulated. 

4.2 Parameters for Measurement and Control 
Parameters may be categorized as : 

1. Primary parameters like : 

(i) Rates of feed and fuel & product. 

(li) Gas Flows. 

(iii) Temperatures and drafts. 

(iv) Chemical composition and related ratios to 
maintain quality. 

2. Secondary parameters like : 

(i) Actual speeds of machines. 

(li) In leakage in systems. 

(iii) Introduction of other gases / materials, 
water in the process. 

3. Tertiary parameters like: 

Dust losses. 

4. Efficiency parameters like : 

(i) sp. gas flows, 

(li) sp. power consumption, 

(iii) sp. fuel consumption, 

(iv) conversion ratios. 

5. Quality parameters. 



4.3 Instrumentation and Monitoring 
Instrumentation is designed to measure the various 
parameters using appropriate sensing devices and 
converting them into parameters being measured. 

Recorders are used to record continuously the 

quantity measured so that they can present a trend or 

a pattern and are available for reference when 

required. 

Instrumentation can be local or central or both. 

4.3.1 Regulation of Parameters 
Once the parameters are measured like for instance: 

(i) Temperatures by thermometers. 

(ii) Pressure drop by pressure / draught gauges. 

(iii) 02. CO, CO2 by gas analysers. 

(iv) Rates of feed by speeds and weight 

measurements. 

it is necessary to regulate them continuously so that 

they remain within narrow limits of preset values. 

For this it is necessary first to set the standards of 

operation, like for example: 

(a) Raw Meal/Clinker conversion ratios. 

(b) Gas flows in terms of nm3 /Kg of product. 

(c) Temperatures and draught / pressure profiles. 

(d) °2, CO, CO2 contents. 

(e) Sp. fuel consumption. 

(f) Sp, power consumption. 

(g) Chemical composition and moduli which will 

ensure quality of clinker. 

The actual values measured are then compared with 

the set or ideal values. Deviations thus brought out are 

corrected by changing settings of rates of gas flow, 

material flow, speeds, etc., in relation to one another 

maintaining desired quality of clinker or cement at all 

times. 

These changes used to be done manually by 
expert / trained operators called 'millers' and 'burners' 
by observing the values on the control panel. They 
would 'judge' conditions of burning zone in the kiln 
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and flow of feed inside the kiln, fuel rates, by observing 
burning zone at frequent intervals and by colour and 
shape of flame and then do adjustments to say speed 
of kiln, speed of coal feed, raw meal feed, damper of 
preheater fan, etc. 

4.4 Automation 
Closed Control Loops 
When the operational parameters are changed 
automatically by linking 'cause and effect' relationships, 
then it is called 'automation', 'Closed control loops' 
are an example of automation. 

Even before microprocessors came, kiln sections 
used to be operated with 'closed control loops' like: 

1. single control loops: 

(i) fuel rate adjusted as temperature of burning 
zone increases / decreases, 

(ii) kiln speed adjusted as feed rate increases / 
decreases, 

(iii) open close damper of cooler I.D. Fan to 
maintain draft in kiln hood, 

(iv) increase/decrease speed of cooler grates 
to maintain bed thick ness, 

(v) adjust throttle in kiln riser duct to maintain 
desired flow rates in kiln and calciner in 
case of single stream pre heater, 

(vi) flow of cooling air in 1 sl two compartments 
of a grate cooler is maintained by measuring 
air flow and by changing speed of fan. 

2. interlock loops 

(i) switch off esp if gas analyzer shows high 
CO for longer than set period, 

(ii) tum on inert gas if temperature at coal mill 
outlet exceeds set limits. 

4.5 Instrumentation and Control Schemes 
Typical Instrumentation and Control Schemes have 
been shown in Figs. 4.1 to 4.8. 

Fig. 4.9 shows scanner for monitoring shell 
temperature of kiln. It has proved to be a very useful 
tool to monitor condition of refractory in the kiln 
particularly in the burning zone-. 
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Load cell 
hopper 

SPC 

To PH Cyclone 

1 
Pre feeder 

Solid flow meter 

M -Motor 
SPC - Set point controller 

Fig. 4.1 Kiln feed control through solid flow meter. 

4.5.1 Cascade Control 
Now with help of micro processors and computers it 
is also possible to introduce 'cascade control'. 

When cause and effect are complex - for example, 
burning zone temperature could be affected not only 
by fuel rate but also by other parameters like : 

Air lift 

Compressor 

(i) oxygen in exit gas and its temperature, 

(ii) speed of preheater fan, 

(iii) speed of kiln. 
In cascade control, analysis of various possibilities 

and selection of appropriate cause is done by the 
processor. It then selects course of action. 



Kiln feed 

M 

Feeder 

G Feed hopper 

WT 

SCR 

Weigh feeder 

SCR 

C/SP - Controller (Set point) 

SCR - Silicon control rectifier 

TG - Tacho generator 
M - Motor 

Pre feeder 

SP - Set point 

WT-Weight 

MULT - Multiplier 

SI- Speed indicator 

Fig. 4.2 Kiln control with weigh feeder system. 

4.6 Process Control Scheme 
Designers and Suppliers of Machinery would submit 
their recommendations for I & Pc. These would be in 
the form of P& I Diagrams. Specifications of 
Instruments and their ranges and other details will also 
be furnished along with. These should be taken into 
account. Consultants would help in putting together 
P&I Diagrams of various sections together to prepare 
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Overflow 

hopper 

an integrated comprehensive scheme. This would then 
be presented to the Designers of the I & PC Scheme. 

In 'automation' it is implied that the deviation is 

measured and a correcting signal matching with the 

deviation is sent to correct it. It also implies that where 
required, measurements are 'memorized' to store the 
result after each correction. 
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To vent 

Fig. 4.3 Control scheme for ESP and GCT. 

4.7 Computers for Process Control 
Computers are best suited to do the tasks of : 

1. Continuous monitoring. 

2. Comparing signals. 

3. Reiterations. 

4. Calculating results. 

5. Storing in memory. 

Thus today instrumentation and process control 
without computers is unthinkable. 

4.8 Programmable Logic Controllers 
Another important development in operation is starting 
and stopping groups of drives in proper sequence and 
at correct speeds to avoid starving or jamming, 

.-------From Preheater fan 

Gas 
Condition 
ing tower 

Water pumps Water tank 

burnouts etc. in short to protect plant and machinery 
and to ensure its availability all the time. 

This is achieved by 'Programmable Logic 
Controllers' (PLC) that ensure sequences of starting 
and stopping and which can be easily changed as 
required. They also have built in 'safety and protection' 
programmes. 

Motors can be started singly or in groups from the 
Central Control Station which supervises operations. 

PLCs also note interruptions in flow, stoppages of 
drives, and send audio and visual alarms for operators 
to take corrective action when deviations exceed 
danger limits. 

The erstwhile 'machine operators' who used to start 
various drives locally are no longer required, thereby 
reducing manpower considerably. 



Recorder/02, CO 

Analyser/02, CO 
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,..---------r--"--r----........ ---.... To Preheater fan 

From kiln feed 
air lift pump 

II 

PT 

PI 

Alarm 

Rotary kiln 

Analyser I02'CO 

Fig. 4.4 Typical instrumentation scheme for preheater and kiln inlet 
(4 stage preheater shown). 

4.9 Instrumentation and Process 
Control : (I & PC) 

Instrumentation and Process Control thus : 

1. Measures, 

2. monitors, 

3. starts, stops in sequence, 

4. protects and sounds alarms-even stops machines 
if needs be, 

5. eliminates- operators- reduces, skills and 
experience required of operators. 
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Damper 

P 

Kiln 

T - Thermocouple 

PT - Pressure transmitter 

SPC Fresh air 

Cooler 

FT - Flow transmitter 

SPC - Set point controller 

T.Air 

Fig. 4.5 Typical instrumentation and control scheme for a precalcinator. 

While 'minimum' requirements in process control 
can be defined, there is no 'maximum' as such. 

There is no end to the 'sophistication' or as some 
may care to put it to 'complications' in the process 
control. 

I & PC as designed should be a tool which can be 
actuall y used. 

It should not be merely so much data, computer 

pages and diagrams and so on. 

4.10 Trend Curves 
An important tool for analysis is the historical 

movement of a given parameter or 'trend curves'. 



Fig. 4.6 

Twin 
Screw feeder 

Bypass 

Pre feeder 

Weigh feeder 

Rotary air lock 

Kiln firing pipe 

Coal feed control system. 

These trend curves indicate changes in a parameter 

on a time scale and are thus important tools in analysis 

and in solving problems. 

Important efficiency parameters, when 
incorporated in the system of I & P C also help in 
monitoring operation to keep it at optimum level. These 
would include among other things: 

L1 
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L1 

SP 

Level indicators 

Primary 
air fan 

1. Measurements of percentages of 02 - CO and 
sometimes CO2 present in exhaust gases of kiln 
and mill systems. 

2. Direct specific fuel consumption in kcal/kg of 

clinker. 

3. Actual outputs - conversion ratios of raw meal / 

clinker. 
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Fig. 4.7 Grate cooler control. 

4. Specific Gas volume. 

5. Quality deviation in raw mix feed and clinker. 

6. Dust loss. 

7. Sp. power consumption. 

8. Heat balance- and also material and gas 
balances. Monitoring temperature of kiln shell 
and assess condition of Refractories in kiln
particularly in the burning zone. 

It should be possible to select the parameters, type 
them together in the log sheet against design and actual 
values. 

4.11 Operators'Responsibilities 
Job of today's 'burners' is not so much as to look into 
the kiln but to understand the data presented on screen, 
the trend curves and the ways in which deviations are 
to be brought under control speedily. 

'Alann Bells' should ring if 02 levels go up by more 
than 2% at kiln inlet. Such a deviation, other things 

remaining the same should be accompanied by changes 
in gas volume often due to inleakages. 

The burner should therefore start looking for 
accompanying changes in other parameters, which 
could have caused this deviation. 

4.12 Direct Reading of Secondary Parameters 
It should be possible to read directly: 

1. Speeds of important machines like kiln, cooler 
grates, fans and feeders. 

2. Rates of feed like raw meal feed to kiln, coal 
feed to kiln and calciner; rates Qf feed of 
limestone and correcting materials; coal; clinker, 
gypsum, slag or fly ash to their respective 
grinding mills in tons per hour. 

Unfortunately, more often only speeds of 
weighing machines are noted like 600 rpm, 
800 rpm and so on which need to be converted 
into feed rates in tons per hour. 



A· Control level 

C- Coordination and processing level 

PC- Sequential control system 
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B - Host computer 

D - Micro computer for process inputs outputs 

AC - Measuring and regulating system 

P- Micro computer DMA - Dij:/3ct memory access 

CPU- Central processor unit 

Fig. 4.8 Control technique with hierarchical system configuration and distributed intelligence. 

3. Gas flows in nm3, particularly in kilns and mills 
sections. 

4. Power consumption section-wise and total in 
kwhit of material and cement. 

5. Heat balances of pyroprocessing and mills 
sections. 

4.13 Calibration 
It should be possible to calibrate the measuring devices 
without requiring to stop the pertinent sections of the 
plant. 

4.14 Fuzzy Logic 
'Fuzzy Logic' is now used to operate the kiln at 
optimum level, it imparts analytical and deductive 
dimensions to measurements. It should be applicable 
to grinding sections also. 

Many a time, operation of Ball mills is a 'black box' 
because their response time is too long. 

4.15 Quality Control 
Quality and Process Controls are interlinked. To obtain 
good quality product it is necessary to measure and 
monitor: 

1. Chemical analysis of Raw material and additives 
fed to mills, moisture and fineness of product. It 
is useful to derive ratios like lime standard or 
hydraulic modulus; silica modulus; alumina 
modulus etc. 

2. Uniformity of raw mix feed to kiln in terms of 

chemical composition and also fineness. 

3. Useful calorific value and ash content and 

moisture in coal as fired. 
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Temp scanner turning 

Kiln 

a - Shell temperature scanner rotating - fixed at a point 

Temp scanner moving along kiln 
• • 

Kiln 

b - Shell temperature scanner moving along kiln axis 

Fig. 4.9 Shell temperature scanners. 

4. Chemical analysis of c1inker- its various modulii 

like in case of raw mix; free lime; litre weight; 

MgO; sulphur; and also constituents like C3S, 

C2S etc. 

Quality Control Section or Production Departments 
fix up the parameters to be maintained in operation 
like hydraulic modulus, silica and iron ratios bumability 
and so on and arrive at proportioning of raw materials 
and additives. 

In Raw Mill Section, weigh feeders are run at speeds 
designed to obtain and maintain these proportions at 
levels that would yield desired output rates. 
See Table 4.1 

4.15.1 Quality of Raw Mix in Batch Blending 
Earlier in batch blending systems, it was sufficient to 
take hourly samples and test them for chemical 
composition and make hourly corrections. The average 
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Table. 4.1 

Proportion Units Limestone Clay Iron Ore 

Proportion desired % 85 13 2 

Capacity at 100 % speed tph 250 50 10 

Output 1 tph 200 

Proportional feed rates tph 170 26 4 

Speed - % full speed % 68 52 40 

Output 2 tph 225 

Propotional feed rates tph 191.25 29.25 4.5 

Speeds % 76.8 58.5 45 

Table 4.2 

Hourly Limstone Clay Iron Ore 
samples tons tons tons 

1 170 26 

2 174 22 

3 

4 

5 

6 

analysis of raw mix after blending the 'batch' was 
arrived at by testing the blended raw meal. 

These corrections were made to remain close to 
the desired composition. 

Considering carbonates only, if the desired value 
was 77 % and one sample showed a value of 76 %, 
then to restore the value back to 77, feeders would be 
adjusted to yield a carbonate of 78 % till it was time 
for another sample and so on till the 'batch' was 
completed. 
See Table 4.2. 

Average proportions of limestone, clay and iron 
ore in % in the 'batch' are calculated from above and 
chemical composition of 'raw meal' calculated from 
chemical compositions of these materials. 

4 

4 

Quantity Proportions Carbonate 
Added % 
tons 

200 85: 13: :2 76 

200 87: 11 : 2 78 

and so on 

Chemical composition of blended raw meal is also 

found out by testing samples thereof and also samples 

of kiln feed. From the composition various modulii are 

derived to check that they too are in line. 

The ideal is to maintain deviation of blended raw 
meal within ± 0.2 % in terms of standard deviation. 

4.15.2 Continuous Blending 
However when blending process charged to 

'continuous blending', hourly corrections were no 

longer sufficient. 

In continuous blending the quality of raw meal 

entering the silo itself should be as close to the set 

value as possible always. 
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This brought about a sea change (revolution) in 
sampling and testing and monitoring methods. 

It became necessary to draw samples, prepare 
them and analyse them quickly sometimes even 
continuously and to correct continuously to keep within 
the narrow range. 

4.16 X-ray Analyser 
The 'X-ray analyser' and automatic sampling and 
preparation of samples have become part and parcel 
of present quality control system and also I & Pc. 

The same 'X-ray analyser' can be used to test 
clinker and cement samples also. 

Computers analyze samples, arrive at constituents 
used for monitoring various modulii, add results to 
previous results, calculate values of total quantity and 
indicate revised proportions as required. Signals are 
sent to weigh feeders of raw mill, which now feed 
raw materials and additives in new proportions till a 
new signal arrives. 

Thus like I & PC, Quality Control System (QCS ) 
has also become automated. There is no going back. 

For smaller plants instead of elaborate X-ray 
analyzer and fully automated (untouched by hand) 
methods of collecting samples, conveying, and 
preparing samples, semi automatic methods are used; 
'on line' analyzers which can analyze a smaller number 
of elements are used. But when continuous blending 
systems are used, some kind of continuous analysis 
and monitoring is a must. 

4.17 Log Sheets or 'Hard Copies' 
Design of a 'log sheet' is very important. It is a 
document, which should provide record of all important 
and relevant parameters, and help to diagnose operation 
and to bring it to optimum level. It is of course not 
possible to record in log sheets every entity that is 
measured. Therefore, selection is very important and 
considerable thought must be given to designing it. 

'Logs' should also record parameters 'directly' i.e., 
feed rates, speeds, gas flows, etc., rates rather than 
in percentage of full speeds, flows, etc. 

Kiln speed 0-4 rpm should not be recorded as 
0-100%. Feed rates should not be recorded in speeds 
of weigh feeders but directly in tons per hour. 

With computers, it is easy to make changes and 
hence changes should be made to include new items 
found relevant and omit others in 'hard copies'. 

A log sheet with a 'key flowchart' would be the 
ideal thing as abbreviations, code numbers, machine 
numbers, are not known to all- particularly to outsiders 
like Consultants, etc. 

It is good to know not only Feed rate in tph but also 
output in one shift / in one day of clinker and coal 
consumption and specific fuel consumption. 

'Weekly' log sheets should be printed with 'trend 
curves' programmed. 

With computers, operators do not have to make 
entries in the log sheets and hence if the instruments 
were reading correctly entries would be correct. It 
also implies that instruments must be regularly 
calibrated to give correct readings. Control Room staff 
should however be trained to spot the deviations and 
to go to the root causes thereof. 

4.18 Inter Related Operational Parameters 
Several parameters in operation are inter related and 
hence should match i.e., value of specific fuel 
consumption should match with gas flow at exit of 
preheater. There is a direct relation between these two. 

Quantity of coal consumed and specific fuel 
consumption should match. 

Raw meal consumed should match conversion 
ratios. 

Log sheet should be designed to bring together the 
related entities. 

4.19 Simulators 
'Simulation programmes' or 'Simulators' are now 
available to train control room staff to operate the plant 
with computers. They are good tools to acquaint the 
staff with the process and operation. It should be 
possible to use Simulation programmes to find out 
'cause and effect' relations between different 
parameters at least broadly. 



For example, 

Increase rate of feed to kiln - keeping other 
parameters same and see differences in temperature 
profile across preheater. 

Watch effect of change of speed of kiln. 

Change of speed of cooler grates. 

Such studies also help in arriving at the exact 
magnitude of correction needed in relation to magnitude 
of deviation. 

They can thus give 'hands on' training to control 
room staff who become better equipped to cope with 
abnormal and critical situations. 

4.20 Process Control Computers 
Process Control Computer will display on its Monitor, 
Flow sheets or pages of each section of the plant like: 

Crushing 
Stracker 
Reclaimer Each section will have one 

Raw Mill or more pages. It is good 

Blending not to clutter up the page 

Kiln Feed 
with too much data. 

Kiln Preheater 
It may be a good idea to 

have different pages for -
Calciner 1. Temperature, 
Cooler Draughts, Gas Flows 
Clinker Transport and Feed Rates, 
Cement Mill 2. Drive- amps, 'rWt/s, etc. 
Cement Storage 
Packing 

Now, it is also possible to 'enlarge' a flow chart or 
a section thereof. 

4.20.1 Windows 
Concept of 'Windows' has now been widely adopted 
in PCs used for process control. Some programmes 
like Windows NT and Windows XP are specially 
designed for processes. 

Like in Windows, it is easy to go from Folder, Sub
folder to file, etc. Thus any operation can be studied 
progressively in depth. 

4.21 Today's Control Desk 
Earlier, the Central Control Panel consisted of sections 
beginning with Raw Mill and grinding with cement mills. 
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Now, all sections of the plant are brought on the panel. 
A 'mimic' was used as a standby. This is no longer 
required. 

Design of a 'control desk' was a challenge. Desk 
used to contain hundreds of buttons for remote starting, 
measuring instruments, recorders and so on. It used to 
take lot of space. Plant flow chart was displayed with 
the help of a live mimic. All these are things of the 
past. Today's Control Room contains just 2 or 3 
monitors, CPUs, keyboards, mice and printers. 

So much sophistication and automation is now not 
only possible but is within reach of all. 

4.22 Using Computerised Automation 
All the fears regarding using sophisticated delicate and 
sensitive instrumentation and sensors and 
microprocessors have disappeared. 

Operators all over the country including those in 
small plants have taken to operate cement plants with 
the help of microprocessors like 'duck takes to water'. 

Emphasis on containing pollution within the plant 
has also created clean and dust free environment that 
helps to obtain good and reliable service from 
instrumentation on continuous basis. 

Computers are now designed to work in hot humid 
conditions generally found in India. Even air 
conditioning of Control Room and back up panels is no 
longer a must though it is certainly desirable in the 
longrun. 

4.23 Central Control Station 
Because of remote control of all drives and because 
all parameters are now on panel, location of the Control 
Room is no longer 'chained' to the burners platform; it 
need not be near kiln even. It can be located any where 
in the plant. 

The Control Room building would now house 
'X-Ray analyser' mentioned above. It would have 
facilities for maintenance of instrumentation. 

Staff of Engineering and Quality Control and 
Production departments - sometimes even the 
Laboratory where the tests would be carried out is 
also located in the same building. Back up panels of 
weigh feeders and other variable speed drives would 
also be located in adjoining rooms. 
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4.24 Calibration 
Plant must have facilities to calibrate 'on line' various 
feeders and meters in the plant. It makes sure that the 
readings are correct and could be used to compute 
outputs, fuel consumption etc. 

If the Laboratory regularly establishes various 
conversion ratios mentioned earlier, then when weigh 
feeders are regularly calibrated, output and fuel 
efficiency can be established with certainty. 

Small bins on load cells facilitate calibration 

Weigh feeders under hoppers holding large 
quantities like, clinker, coal, etc., should be calibrated 
by filling the hoppers and emptying them. 

Apart from field sensors installed, for purpose of 
verification and for taking measurements at other points 
for study of operations, the plant should have 
thermometers and draft / pressure gauges (inclined 
manometer) and Orsat's apparatus with them for 
physically checking readings. 

4.25 Article by Mr. P.S. Sharma 
An article written by Late Mr. P.S. Sharma ex GM. 
A.e.e. on the subject of Instrumentation and Process 
Control is attached as Anex 1. Basic principles remain 
the same though there has been lot of sophistication 
since the article was written. I & PC Schemes shown 
in Figs. 4.1 to 4.8 were also suggested by him. They 
may appear too simple for the same reason. 

4.26 Wider Scope of Computer Control 
Computers now do not concern themselves only with 
Process and Quality Control. Comprehensive 
programmes have been developed for the total 
management of an Industrial Unit like a cement plant. 

As mentioned earlier, dispatches of cement in bulk 
have already been automated. Where paper bags are 
used even packing and dipstching of cement in bags 
has also been greatly automated. 

Specially developed programmes like SAP and ERP 
deal with Marketing and Finances ; in fact with every 
aspect of the Plant's operation. 



Annexure 1 

AUTOMATION IN CEMENT INDUSTRY 

Article by 
Late Mr. P.S. Sharma, ex G.M. A.C.C. 

In the recent past every segment of society has felt 
the impact of the oil crisis, drastically altering economic 
parameters. Energy bills have increased, raw material 
costs have gone up and there has been a gradual 
depletion of quality limestone, specially around old 
cement plants. The quality of coal available has varying 
and high ash content and there are also constraints on 
supply which rule out the possibility of blending to 
obtain at least uniform quality of coal. Statutory 
regulations on environmental pollution have become 
more stringent. The cement industry reckons 
automation with instrumentation as a key factor to meet 
the above challenges and dictate the tempo of 
technological progress. 

For the manufacture of cement, the basic raw 
material is lime stone and coal is used as fuel; various 
process available have been tabulated in Fig. 1. 

Irrespective of the process employed, the plant can 
be divided into some of the following interdependent, 
(but largely independent units) which can be operated 
independent of each other for a considerable time 
depending on the storage facilities built into the system. 

1. Raw Meal 

Quarrying, crushing, grinding, blending and 
homogenizing. 

2. Coal Pulverisation. 

3. Burning and cooling. 

4. Cement grinding. 

5. Packing and dispatch. 

1. Raw Meal 
The production of cement requires the chemical 
composition of the raw meal to be kept constantly, 
uniform. This is achieved by blending and bedding. To 
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further even out fluctuations in the quality of raw meal, 
limestone from different batches are mixed in or on
line weighing and proportioning system. X-ray 
analysers are also used for quick analysis and 
corrective action. 

The raw meal quality is determined by a co-efficient 
known as Lime Saturation Factor (LSF), Silica Modulus 
(SM) and Alumina Modulus (AM). These are derived 
from the concentration of Calcium Oxide (CaO), Silicon 
Dioxide (Si02), Alumina (Al20 3) and ferric Oxide 
(Fe2 03) denoted by C.S.A & F. respectively. 

lOOC 
LSF -------------

2.8 S +l.l A +0.78 F 

SM = S/(A + F) 

AM=AIF 

For automatic control, software packages are 
available for on-line sampling with an X-ray 
fluorescence analyzer with processor, to give actual 
values of different coefficients. These are compared 
with set values and the error is fed to the weighing 
and proportioning device to obtain desired values. For 
further refinement in consistency, the raw meal is 
homogenized. 

For open circuit mill an electronic ear (microphone) 
to control the mill loading is provided, and for closed 
circuit mill the input from the bucket elevator drive is 
also additionally monitored for effective control. 

2. Coal Grinding 
Simultaneous drying and grinding of coal is more 
popular due to ease of operation, but installation of 
separate drying and grinding units are more logical from 
the point of fuel efficiency. 
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WET PROCESS 

Fig. 1 Processes of manufacture of cement. 

The coal mill motors are provided with winding 
temperature and bearing (temperature) sensors; the 
bearings of gear boxes and bearing oil are also provided 
with temperature sensors. All theses temperatures are 
continuously scanned and an alarm signal vitiated in 
the event of temperature rise beyond the preset value. 

In the Coal Mill, temperature sensors are provided 
at inlet and outlet. In the fine coal hopper and feeders 
temperature sensors are provided to detect glow nests 
so that the possibility of explosion is minimized. It is 
desirable to monitor CO in the fine coal hopper to detect 
any incipient fire (in the hopper). 

Pressure sensors are provided at the mill inlet and 
outlet, circulation fan inlet, and differential pressure is 
determined between against any jamming in the mill. 

On line weighing devices are incorporated to 
determine the coal feed and fine coal output from the 

DRY PROCESS 

CEMENT 

mill. In case of the primary air fan for coal transport, 
speed indicator in case of variable speed drive, or 
damper position indicator in fixed speed drive are 
provided. 

3. Burning and Cooling 
(Kiln & Cooler): A Kiln is a counter current heat 
exchanger in which heat is transferred from combustion 
fuel to the raw meal. A typical temperature profile of 
raw meal and gasses is shown in Fig. 2. This profile 
would vary for gas, oil and coal fired kilns. The 
performance of a kiln is determined by tfm3 of kiln 
volume, tfm2 of burning zone area, tfm2 of cooler area 
and, KCa1/Kg of clinker. 

For steady state operation of kiln the most important 
parameters are: 
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Fig. 2 Gas and material temperature in a rotary cement kiln. 

1. Back end temperature (BE). 

2. Burning Zone Temperature (BZ). 

3. Oxygen in exhaust gases (02)' 

The above mentioned parameters can be controlled 
through: 

(i) Kiln speed. 

(ii) Feed rate. 

(iii) Fuel rate. 

(iv) Air (primary air from P.A. fan and secondary 
air from cooler). 

In order to evaluate the kiln's as well as burner's 
performance, the continuous recording of the following 
parameters is recommended. 

BE temp., BE draft, hood draft, 02' kiln speed, kiln 
torque, secondary air temp. and coal feed rate. 

4. Cement Grinding 
Grinding of clinker consumes the highest electrical 
energy of all the cement plant units. Pre crushing of 

clinker gives definite reduction in power consumption. 
These are generally closed circuit mills and all the 
instrumentation are identical to raw mill: additional 
control of temperature and humidity through water 
spray in the Mill is provided for the proper functioning 
of the electrostatic precipitator. Gypsum and clinker 
are ground together to produce cement. Blended 
Portland cements are produced with blast furnace slag 
and pozzolana.i 

5. Planning for Instrumentation 
Basic units and instruments requirements for each unit 
should be listed and classified with regard to indicating, 
recording, alarm (Visual &s Audio) totalizer and close 
loop control requirement. A separate list with respect 
to location such as field, local, remote or central control 
room should be prepared. 

6. Instrumentation Options 
As per the present state-of-art, the following principal 
options are available: 
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1 . Conventional instruments with individual display. 
(not likely to be selected). 

2. Individual display with bar graph and 
microprocessor based electronic system. 

3. Shared display on VDU in place of individual 
display with or without colour graphics. 

4. Same as above but with a back up mini or micro
computer for optimization and management 
information system. 

5. Computer control with: 

(a) data logging, 

(b) static mode for operator guidance, 

(c) on line computer control. 

Besides the above some more options are available 
with direct digital control with single or back to back 
double computer with redundancy for higher reliability. 
The reliability of direct digital control, even with 
redundancy, has not proved to be as reliable as 
distributed control system. The various configuration 
are shown in Fig. 4. 

LOW 

LO - LOW OX Oxygen % 

OK 

OK - OK BZ Burning zone temperature 
HI- HIGH BE Back end temperature 

7. Conventional System 
The conventional system with individual display suffers 
from some of the following limitations: 

1. Constantly increasing cost of device wiring, 
planning, assembly, commissioning and 
maintenance. 

2. Poor display of process dynamics due to low 
function content. 

3. Large number of instruments and information 
beyond human capability to observe and use 
meaningfully. 

8. BarGrapb 
The bar graph instrument with plasma and fluorescence 
display is a positive step forward in the development 
of front and panel instruments. These instruments are 
completely 'solid state' and are free of complexities. 

A ready reckoner for kiln control in the event of 
kiln upset is given in Fig. 3. 

The evaluation of burning zone temperature is 
possible through: 

HIGH 

Fig. 3 Evaluation of the three basic variables, burning-zone temperature (BZ). percentage of oxygen 
in the exit gas (OX), and back-end temperature (BE) for control of kiln operation. 



CENTRAL CONTROL 
(Direct digital control) 

Individual control 

Conventional 

Fig. 4 Central and distributed digital control. 

1. Visual observation. 

2. Temperature through two colour pyrometers. 

3. Drive motor torque. 

4. Nitric Oxide (NOx). 

The kiln dri ve motor torque indicates the length and 
status of the Burning Zone. Recent trials with the 
measurement of NO x have proved it to be an effective 
index of burning zone condition. 

Post mortem information on burning zone can be 
obtained from: 

(i) Clinker litre weight 

(ii) Analysis of free lime in clinker. 

For kiln performance, flame temperature is one of 
the most important parameters and it depends on the 
following: 

(i) Temperature of combustion air. 

(ii) Quantity of excess air. 
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DISTRIBUTED CONTROL 
(Distributed digital control) 

Predominently process control 

(iii) Fuel/Air ratio. 

(iv) Coal Particle size. 

(v) Coal moisture content. 

(vi) Coal ash content. 

Management 
.!!!!. Information 

System 

Production and 
Co-ordination 

Process 
Optimisation 

Process 
control 

Even ten percent excess air can result in 
80-100 °C fall in flame temperature, and 100°C 
temperature rise in secondary air can give 50 to 70°C 
rise in flame temperature. 

Shell temperature scanners are provided to warn 
against hot spots due to refractory wear or damage. 
Kilns are also provided with CCTV with water cooling 
and scavenging air to keep the optical system free of 
dust. In the event of water or air failure the system 
retrieves automatically. Under Indian conditions, both 
for Pyrometers as well as for CCTV, besides the 
automatic retrieval, an automatic closing diaphragm 
should also be provided. 
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9. Mid Kiln I Calcining Zone Temperature 
The burning zone temperature and to some extent the 
shell temperature is influenced by the calcining zone 
temperature with a certain amount of lag. This also 
has an effect on the clinker quality. In a wet kiln, the 
kiln being long, the temperature at the intermediate 
point gives better furnace condition. In a dry process 
kiln, waste gas temperature is a fair indication of 
burning zone condition. NiCr-Ni thermocouple through 
slip rings are commonly used for detecting the mid kiln 
temperature. Contactless oscillators modulated by 
thermocouple output have been tried with success. For 
our ambient conditions only slip rings are 
recommended. 

The cooler air temperature influences the state of 
the burning zone in the kiln; it is also indicative of cooler 
efficiency. 

The air flow in Fuller cooler from the individual 
fans is continuously monitored to avoid damage due to 
burning of the grate plates owing to undue increase in 
the clinker bed height and thus blocking the supply of 
air, associated with electro-mechanical devices. These 
instruments are being used for individual display of 
parameters and structurally suffer from the same 
limitation as that of conventional instruments. 

10. Share Display 
The limitation with regard to information of individual 
display systems are overcome by the share display 
system. In this case the information is logically split 
and only the relevant portion of it is presented to the 
operator through the Visual Display Unit (VDU) in 
the form of multi-coloured alpha-numerical display 
with an overall selective view of the process with real 
time information on some of the process parameters. 
Mini or microcomputer backup is sometimes provided 
for management information and process and or energy 
optimization. The structuring of the system could be 
radial or bus system based on function monitoring, 
equipment or sub-units in the plants. For cement 
industry, bus system with grouping according to units 
which can be independently operated have been found 
to be an effective system as a process control strategy. 

11. Computer Control 
Computer control can be provided as a direct on-line 
control or started with data logging and retrieval system 

and off line operator guidance from computer which 
stores both historical experiences as well as process 
algorithm to guide operator, to take corrective action 
to improve the process as well as handle emergency 
situations. On line computer is the final stage of fully 
automatic control of a process. 

The proliferation of micro-electronics and in 
particular microprocessor has made it possible to 
dispense with hardwired logic. Programmable 
controllers (PCs) which can modify and enhance the 
programme without making changes in the external 
circuit are replacing the hard wire logic which could 
not possibly provide this flexibility. Some of the 
advantages of the microprocessor based instruments 
are: 

1 . High function content at low hardware cost. 

2. Higher reliability. 

3. Lesser design and manufacturing lead time. 

4. Adaptive, being software based. 

5. Can provide enhanced system performance. 

Distributed Control System with shared display on 
VDU with colour graphics is emerging as the most 
favoured concept in instrument system design. VDUs 
can provide an overall selective view of the process 
with alphanumerical display of process parameters in 
different colour and flashing signals to indicate 
deviations. Alarms in their sequence and process 
deviations are stored and can be retrieved for 
corrective action. Besides process monitoring, trend 
curves, tabulated information on the process can be 
displayed. 

The distributed control with share display provides 
some of the following advantages: 

(i) Information is processed and logically split and 
only the relevant portion is displayed or passed 
on to other levels. 

(ii) Failure is restricted to the sub unit unlike the 
direct digital control (DDC). 

(iii) Computer can be subsequently added. 

(iv) Task at every level is well defined and hence 
easier to design, install, commission, operate and 
maintain. 

(v) Provides simple user oriented solutions even for 
complex control tasks by using higher 
algorithms. 



12. Noise Immunity 
(Spurious electrical signals) Separate mention is being 
made of this concept because in the enthusiasm to 
introduce high level of technology this aspect is 
generally being lost sight of by designers. The fusion 
of electronics and electrical power equipment in 
process industry has given rise to some new problems. 
The modem 'chip' has low thermal mass, fast response 
and low power consumption. These qualities which 
are otherwise desirable render these devices susceptible 
to damage as well as malfunction in electrically hostile 
environment. The qualitative requirement of power 
supplies for microprocessors are also stringent when 
the system does not even meet the requirements of 
Indian Electricity Rules (± 6% voltage, ± 3% 
frequency). The frequency tolerance for 
microprocessor/ computer may be 0.5 to 0.75 Hz; for 
disc storage: not greater than O.IHz; the wave form 
distortion due to harmonies: not greater than 5% or 
even more stringent requirements. The system should 
be able to withstand transients surges, black out for 
Y2 Hz, brown out for I Hz on 50% voltage. For reliable 
and effective operation of micro-processor based 
equipment uninterrupted power supply (UPS) is a must 
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Fig. 5 Energy flow in a dry process cement plant. 
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in view of the poor quality of power supply. The 
equipment should be designed and tested for immunity 
against noise and appropriate distance of sensitive 
cables to be kept from power cables. It should also be 
flicker free to avoid undue strain to the eyes. 

13. Energy Management 
Energy cost (fuel + power) is the largest component 
in the cost structure of cement industry in India. Energy 
flow diagram in a typical dry process cement plant is 
shown in Fig. 5. The specific energy consumption of 
kiln reduces with the increase in size of kiln. The fuel 
efficiency can also be improved by converting wet 
process to dry process. Energy optimization in the kiln 
is possible by controlling the quality of raw meal and 
fuel; by blending with energy saving materials like blast 
furnace slag, fly ash, etc., with Portland cement. 

The electric power consumption is about 63% in 
raw meal preparation and cement grinding, 23% for 
burning and cooling and 14% for remaining operations. 
From the foregoing, it is evident that most of the power 
is consumed by the mills. Ring motors (slow speed) 
constructed around the mill housing have been 
successfully used eliminating gear box and hence gear 

Hot Air 

.............. Coal 

~ Elect 
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losses. Cost effective converters/ inverters to produce 
50 Hz at efficiency as high as 91-93% have been 
developed which offset the cost by saving in the losses 
in gear box as well as saving in space. 

Energy saving can be achieved by using variable 
speed drives for blowers and pumps required to deliver 
variable quantity instead of control through dampers. 
For lighting, high efficiency fluorescent tubes and HP 
sodium vapour lamps could be considered. Control of 
electrostatic precipitator (ESP) could be though pulse 
energisation for energy saving. Incidentally this also 
affects reduction in size of precipitators. In certain 
cases even conditioning tower can be dispensed with 
by using this technique. 

14. Pollution Control 
The growing awareness of the pollution problem and 
worldwide concern for a cleaner and safer 
environment, government has identified eighteen 
industries of which cement is one making it obligatory 
for anti-pollution steps as a precondition for industrial 
licenses. This measure has been taken to check and 
prevent air, water and soil pollution. Instrumentation 
have made valuable contribution to the detection and 
control of pollutants. For conditioning tower, simple 
controller like step-controller in place of modulated 
controller is recommended. The design should be such 
that in the event of failure of automatic control, manual 
control should be possible. About ten percent of cement 
is lost by way of emission, collected and recirculated 
into the system; the pay back period on investment of 
electrostatic precipitators would be less than a year. 
For coal, ESP has been tried with success. CO is 
continuously monitored in the ESP outlet to reduce the 
possibility of explosion. To meet emergency situation, 
installation of wet hydrants and twin CO2 batteries (one 
standby) are recommended. 

15. Conslusion 
The proliferation of micro-electronics and in particular 
micro-processors has lent a new dimension to the 
development of instrumentation. The instruments were 
at one time eyes and ears of the process and now they 
have also become the brain of the process. In the 
enthusiasm to use higher technology, the problem of 
noise and poor quality of power should not be ignored. 

Proven and conventional instruments would 
continue to be used for critical parameters even with 
shared display. The major share of growth will be taken 
by microprocessor based instruments with intelligent 
terminals. 

Programmable Controllers(PCs) and other 
functional blocks would be available as a standard 
hardware off the shelf resulting in shorter delivery and 
design lead time. For well established processes, proven 
software (firmware) shall be available. The man 
machine interface shall be through Visual Display Unit 
(VDU) terminal to provide multi-coloured alpha
numerical and graphic display in place of large mimic 
panels and control room full of instrument panels and 
control desks. 

For variable speed drives and control of electrostatic 
precipitators, variable voltage inputs would be through 
thyristors and triacs. Even AC induction motor shall 
be progressively controlled through variable voltage 
and variable frequency inverters. The control of flow 
through dampers and valves shall be replaced by 
variable speed AC drives. With the increase in the cost 
of electrical energy variable speed drives would provide 
reliable and cost effective solution for flow control. 

In spite of all these developments, man would 
always remain in the center of activities still he has no 
equal at taking decisions and estimate probabilities in 
the even of incomplete information, a situation which 
can arise any time. 



CHAPTER 5 

5.1 Lighting 
Adequate lighting needs to be provided in all sections 
of the plant; in all factory and non factory buildings; in 
quarries; on roads and in storage yards. 

Lighting should be provided as per norms laid down 
for: 

1. Reading. 

2. General illumination. 

3. Special illumination in specific areas. 

4. Standby in case of failures. 

5.2 Basic Principles 
1. Lifts will be provided with emergency lighting 

and power. 

2. All staircases and landings shall have lighting 
also from emergency power system (also called 
UPS). 

3. On each floor of the building, emergency light 
points shall be provided at suitable locations to 
avoid accidents. 

4. In places where readings are to be taken from 
time to time, in night shifts and so on, additional 
localized illumination with switch to be provided 
to tum it on when required (Cooler - inside lights 
tum on when inspection door is opened). 

5. Spare 3 pins, 2 pin sockets should be provided 
on each floor. All lighting and power points 
should be earthed. 

6. Safety lamps - 110 Volts supply should be 
available when lights are to be taken inside 
machinery for inspection of mills, cooler, 
preheater, kiln, etc. For such purposes, such 
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locations should have 110 V supply-alternately 
adapters that convert 220 V into 110 V. 

7. Comers of buildings and edges and openings in 
floors should be clearly illuminated, landings and 
wells should also be illuminated even if hand 
railings and grills and floorings are provided. 

8. Where readings are to be taken from totalizers 
of weigh feeders or where calibration is to be 
done, better lighting to facilitate readings at site 
is to be provided. 

9. Lighting in Laboratories / control rooms and 
offices should be as per norms laid down for 
Industrial lighting. Besides general lighting, work 
desks and tables should have local lighting for 
reading and taking measurements. 

5.3 Street Lighting 
Roads inside the plant should be well lit so that it is not 
necessary to drive with headlights on. In fact, driving 
with headlights on should be discouraged as this can 
cause accidents. 

Lighting can be overdone. It must be functional. It 
consumes power. Lights are left burning in broad 
daylight. To avoid this, it should be possible to tum on 
and off lights, actuated by light meters, photo electric 
cells, etc., rather than time switches. 

5.4 Choice of Lights 
Even if they are expensive in first costs, longer lasting, 
fluorescent lights and sodium vapors lumps and new 
energy saving tube lights (CFL) should be used. This 
would save power costs in the long run. 
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Tall buildings like preheater tower, silos, tall 
chimneys, etc., should be provided with, blinking red 
lights as per statutory requirements. 

5.5 Quarries 
When quarries are worked in shifts, working faces in 
quarries need to be illuminated by powerful floodlights. 

These need to be portable as faces shift from time 
to time (Cabins of shovels and dumpers, cranes, etc., 
would have their own lighting systems). 

Quarry roads, and conveyor system for crushed 
stone also need to be properly lighted. 

5.6 Workshops and Garages 
Workshops and garages would need to have flexible 
light points according to work being carried out- often 
under the vehicles. They would need safety hand lamps 
also. Machines like lathes, milling and grinding 
machines would necessarily have local light points 
focusing on the job being machined. 

5.7 Walkways Along Conveyors and Tunnels 
All walkways along conveyors and tunnels also need 
to be lighted. There is lot of dust in clinker tunnels 
(Cooler) and clinker storage - lighting should be 
selected from this point. 

5.8 Stores and Storages 
Stores should be well lit for easy identification of labels. 
Some areas would need lighting for 24 hours. Open 
store yards must be well lit in night to prevent pilfering. 

5.9 Installation of Lighting System 
When departmental and building drawings are ready, 
a 'Lighting' contractor should be selected in the light 
of his experience in Industrial Lighting. When civil 
drawings for buildings and departments are ready, same 
should also be made available to the lighting contractor 
stressing areas which need to be given special 
attention. Special requirements of illumination should 
also be informed to him. 

Decisions as regards type of wiring to be selected 
and also routing of cables need to be taken before 
construction actually starts. This is particularly so when 
'concealed' wiring is opted for. Its routes in column 
and beams should be carefully planned and civil 
designers and contractors should be well acquainted 
with them. Inspection covers for pulling out wires 
during actual wiring should be clearly marked and 
provided for. 

For large plants with a large area to be covered, 
separate cables for lighting and lighting transformers 
at strategic points should be provided for to minimize 
ill effects of voltage drop and fluctuations. 

Voltage stabilizers and UPS systems are essential 
not only for computers but also for many household 
gadgets like refrigerators, air conditioners etc. They 
receive power from the general power distribution 
system. 

Therefore there should be provision for voltage 
stabilizers / UPS individually or group wise. 



CHAPTER 6 

6.1 Communications 
Communications is assuming great importance as plant 
sizes are getting bigger and bigger and they are spread 
over wider areas with simultaneous reduction of 
manpower. Fortunately communication facilities have 
also developed fast in the last few years. 

6.1.1 Communications in a Cement Plant 
Communications for a cement plant can be described 
in 3 levels .. 

(i) within the plant itself. 

(ii) between plant and Head Office. 

(iii) with world at large. 

Operations and maintenance teams and other 
sections like quarries need to be in touch with one 
another and with control rooms to pass on information 
and to receive instructions. 

6.2 Means of Communications 
Internal communications can be by : 

1. Telephones located strategically. 

2. Pager system with loud speakers and 
announcers. 

3. Walkie-talkies. 

4. Mobile phones. 

6.2.1 Telephone Exchange 
The size of the internal telephone exchange system 
depends on size of the plant and number of telephones 
planned. 

It is basically meant for departmental heads and 
executives to communicate with one another as long 
as they are near the telephone. 
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6.2.2 Communications in a Section of the Plant 
Communications are also required within a section of 
the plant. The departmental head may like to give 
instructions to workers inside the section to make some 
adjustments, alternatively workers may like to bring to 
the attention of the head anomalies / problems 
observed. This can be done through: 

(i) Pager systems - with loud speakers installed at 
/ selected floors asking concerned worker 
operators to go to nearest phone and talk. 

(ii) Walkie talkies - workers carry walkie talkies 
and communicate with other workers or office 
or control room. 

(iii) Mobile Phones - all executives and offcers may 
now be carrying mobiles and can freely talk 
with one another without restrictions of distance 
/ number of lines. 

Cement plant can choose from among the several 
choices available to them on basis of reliability, clarity 
and costs. 

6.3 Central Control Room 
Central control room can be the hub of the 
communications center as primarily from this place 
information and instructions would be given to other 
sections / departments and to this room would come 
the responses and information and important messages 
for operation. 

6.4 Internal Telephone System 
Internal telephone system would provide telephones 
at residences of executives and important operating 
personnel and also in guest house, hospital, etc. 
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6.5 Public Telephone System 
An internal system however cannot communicate with 
outside world, not even with Head Office. Officers 
and Executives of the plant are required to contact 
Head Office or other parties in the outside world. A 
plant would therefore also have a public telephone 
service - government like BSNL or private service 
providers like Tatas, Reliance etc. 

These telephones would be installed in strategic 
locations like offices of all executives, administrative 
office, time office, accounts section, watch & ward, 
colony, guest house, quarry, hospital and so on. 

Company may provide STD facilities on selective 
basis to avoid abuse. 

Company would also provide outside telephones in 
residences of senior and junior executives. 

With STD net work having grown so fast, the days 
of 'trunk calls' through local exchanges and 
inordinately long waiting periods for them are over. 
Cost of long distance calls have hit the rock bottom. 

Mobile phones have made communications even 
more easy. 

6.6 Long Distance Communications 
Works and head office are often separated by a long 
distance. Head Office needs to be in constant touch 
with Works. It also needs to be in touch with - Sales 
Offices, Stockists and Dealers and above all with its 
customers. 

This can be through: 

1. Telephones landline or mobile. 

2. Telex. 

3. Fax. 

4. Internet - Email - Tele conferences. 

5. Wireless. 

SID facilities may be provided at strategic locations 
in the plant so that plant personnel can keep in touch 
with the outside world and do not have to run to the 
main office to do so. 

New plants invest considerable amount in installing 
various types of Communications mentioned above. 

With electronic telephone exchanges and with a 
vast network of direct dialing the world has really 
shrunk. Every advantage should be taken not only by 
new entrepreneurs but also by running plants to 
improve communications and business potential. 

6.7 Mobile Phones 
Mobile Phones - all executives may now be carrying 
mobiles and can freely talk with one another without 
restrictions of distance / number of lines. 

6.8 Telexes, Fax, e-mails 
Point to point communication is possible through telexes, 
teleprinters and now faxes and e-mails. 

In the past when telephones had not developed as 
of today, 'wireless' service was installed between plant 
and head office after obtaining necessary permissions 
from concerned ministries. 

Today remote corners of India are linked by STD 
and satellite communication and communications with 
outside world is no longer a problem. 

A further advance has been made by advent of 
PCs and Windows, Internet and e-mails. 

For a small fee remotely located plants can be 
connected with the whole world through Internet. 

PCs are an accepted thing even in the smallest 
plants and therefore this facility is available for them 
also. 

6.9 Posts and Telegraphs 
Posts and Telegraphs are means of communications 
of written word and documents. 

Large cement plants removed from a big city would 
arrange for a P.O. / Bank to be opened in their own 
premises like colony for the convenience of workers 
and staff. 

Others may have arrangements to collect mail from 
the nearest Post office for the plant and for its workers 
on a regular basis by sending a van. 

A well planned and thought out and installed 
communication system can prove to be a life line for 
the plant. 



CHAPTER 7 

QUALITY CONTROL AND LABORATORY 

7.1 Quality Control 
'Quality Control' is of as much importance to producing 
good quality cement as 'Instrumentation and Process 
Control' is to the operation of the plant. 

'X-Ray Analyser' has linked the two as, has been 
explained in the Chapter 4 on Instrumentation & 
Process Control. Therefore presently 'Laboratory' 
which is the prime set up for 'quality control' is housed 
together with I & PC in the same building now 
commonly known as 'Central Control Station'. 

7.2 Laboratory 
Laboratory in a cement plant has to carry out 
repeatedly and regularly a number of tests. 

Some tests are statutory in that their results are to 
be submitted to statutory authorities at prescribed 
intervals. 

Others are carried out by the plant to maintain 
quality of product consistently at various stages of 
production 

7.2.1 Types of Tests Carried out 
Tests can be divided / categorized into different types 
like: 

(i) Destructive and non-destructive. 

(ii) Physical. 

(iii) Chemical. 

In chemical tests are included detailed chemical 
analyses of 

(a) Limestones / additives - clays, sand, iron ore. 

(b) Raw Mix for kiln feed! dust precipitated. 
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(c) Coal. 

(d) Clinker - gypsum. 

(e) Cement. 

The tests should also help in determining the various 
ratios and modulii for raw meal and clinker mentioned 
earlier. They should also determine in clinker: 

(i) Free lime. 

(ii) Bumability. 

(iii)C3S, C2S and other constituents. 

7.2.2 Statutory Tests 
All statutory tests as laid down by the Bureau ofIndian 
Standards should be carried out exactly in the manners 
prescribed by them using procedures and equipment 
and materials defined by them. 

They should be carried out at frequencies 
recommended by BIS. Records should be kept as 
prescribed, identifying the samples, their date and other 
pertinent details. 

7.3 Physical and Destructive Tests 
In case of destructive tests, a part of the sample should 
be preserved to carry out the test again if required. 

Physical Tests include - among other things : 

l. Crushing and compressive strengths. 
Compressive strengths of cement at intervals 
of 3, 7 and 28 days have special significance. 

2. Grindability tests. 

3. Moisture measurement, absorption of moisture. 

4. Sieve analysis for crushed materials, clinker, 
coal, slag, fly ash etc. 
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5. Particle size distribution for powdered ground 
raw meal, coal, and cement in micron sizes. 

6. Blaine, surface for cement. 

Other tests, would include determination of calorific 
value of coals and their proximate and ultimate 
analyses. 

They should be measured at regular intervals for 
raw coal coming from different sources and also for 
coal as fired in the kiln. 

7.4 Equipping the Laboratory 
Laboratories should be equipped to carry out as many 
of these tests as possible. 

Testing equipment and procedure for conducting 
non statutory tests are also prescribed and tests should 
be carried out exactly in the prescribed manner. 
Sieving for example should be wet sieving as required. 

Whereas gas analyzers would be installed in the 
plant to measure, CO, 02' N02, etc., it should also be 
possible-to carry out spot checks, if in doubt, by using 
Orsat's apparatus in additional places. 

Dust emission is also required to be measured at 
stacks and quality of ambient air is to be measured at 
selected spots around the plant. For continuous 
monitoring, the plant must have necessary equipment 
like opacity meter etc., for the purpose. 

Some tests are carried out for control of operation 
like very detailed sieve analysis in micron sizes going 
down to 0-5 microns. It could be used to establish 
'selectivity' curve of the separators etc. Such tests 
are carried out only to check and hence such tests 
could also be got done in outside laborarories. 

7.5 Operational Parameters 
Laboratory should regularly establish: 

1. Raw meal/clinker ratio for consumption. 

2. Raw meal/clinker ratio for kiln feed. 

3. Dust collected as % of raw meal. 

4. Coal consumption on as fired basis. 

Then when weigh feeders / solids flow meter are 
calibrated - clinker output can be directly calculated 
from readings and totalisers of raw mix feeder to kiln. 

Specific fuel consumption can be calculated as 
percentage of clinker produced from readings of feeder 
or as Kcal/kg by mUltiplying it with average calorific 
value of coal for the period. 

7.6 Design aspects of a Laboratory 
Design aspects of Laboratory building have been 
brought out in para 3.8 of Chapter 3 of Section 4. 

7.7 Collecting Samples for Testing 
An important part of carrying out tests is to collect 
samples from field of right type, size and at required 
frequencies and to send them to the Laboratory for 
testing. 

There would be samples from mines, from stock 
piles, from raw mill from blending system; samples of 
clinker and cement and coal as received and as fired. 
These are to be collected in a proper manner so that 
they are truly representative of the respective materials 
at respective locations. Collecting samples and sending 
them to laboratory required a sizeable amount of work 
force. Presently 'sampling' has been automated in 
various degrees as will been seen in Chapter 54 of 
Section 6. 



CHAPTER 8 

8.1 Computer in Cement Industry 
Computer today is playing an all pervading role in each 
and every aspect of Cement Industry. Some like its 
roles in Instrumentation and Process Control are well 
known. Others are less known. 

This chapter briefly brings out the role computer 
plays in lesser known areas. 

Anything which requires repetition, which must 
select from various possibilities, where there are a great 
many variables resulting in permutations and 
combinations, which needs data to be stored, processed 
and retrieved, is best handled by computers. 

8.2 Limestone Deposits 
Overall quality and quantity of available limestones 
deposits can be established by using statistical methods 
and computers. 

Representative quality of limestone in various 
sectors of quarries can be established with the help of 
computers. 

Mining plans short term and long term can be 
developed by computers. 

Correcting materials required can be worked out 
by the computer in terms of quality and quantities. 

8.3 Proportioning of Raw Materials 
Computers can continuously yield data on chemical 
analysis of limestone in the stock pile of a stacker 
reclaimer system. 

With the help of X-Ray analyzer and its computer, 
quality of raw meal can be monitored and kept close 
to the desired quality by continuously adjusting 
proportions of limestones and correcting materials. 

COMPUTER IN CEMENT INDUSTRY 
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8.4 Quality of Clinker 
X-Ray analyzer is also used to monitor quality of 
clinker taking into account quantity and quality of ash 
absorbed and to suit types of cements to be produced. 

8.S Project Engineering 
For a given size of a plant, sectional capacities and 
capacities of individual machinery can be worked out 
readily with the help of a computer. 
See Section 1. 

Capacities of storages and their sizes can also be 
worked out similarly. 

Preliminary data to develop a General Layout 
(see Chapter 1 of Section 6) can be worked out 
using a computer. 

Process gases in various sections at various stages 
of production can be calculated with the help of a 
computer knowing targets of performance. 
See pertinent 'rs's in Section 8. 

8.6 Sizing of Machinery 
Main machinery and major auxiliaries will be sized for 
a given performance using specified raw materials and 
fuel with the help of computers. 

8.7 Design of Machinery 
Designs of machinery are computerized so that 
manufacturing drawings can be made quickly. Since 
computerization requires standardisation of data and 
procedures and selection of norms, once a program is 
developed, it is available for use any number of times 
till it is revised. Anybody can use it. 



84 Section 5. ELECTRICALS AND INSTRUMENTATION 

Computer programmes are developed to furnish 
stress profiles, bending moment diagrams and similar 
information to convince potential buyers of the 
soundness of designs. 

8.8 Drawings 
General Layout and Departmental drawings are now 
made using Autocad and other programmes at a much 
faster speed. Errors due to human element are reduced 
to a minimum. 

8.9 Civil Design 
Civil design of structures like preheater tower and 
storage silos and kiln piers are computerized. Hence 
design and drawings for new capacities and sizes can 
be readily developed and drawings and bills of materials 
are produced at a faster rate. 

8.10 Scheduling and Followup of 
Sequences of Events 

Schedules for placing orders, follow up of deliveries, 
progress of erection and commissioning are now readily 
and continuously done by computers. 

Monitoring cash flows and receipts and repayment 
of loans and also overall management of funds can be 
easily done with the help of computers . 

Computers are used in 'perpetual inventory' of 
stores and spares. 

8.11 Operational Control 
Role of computer in this field has already been brought 
out in Chapter 4. 

Computers furnish diagnostic tools to analyase 
deviations from norms laid down and to bring back 
operation on the right track and to optimize it. 

8.12 Automation of Dispatches 
Computers help automation of all aspects- beginning 
with receipt of orders, scheduling them, actual delivery 
and billing or raising of invoices. 

Bulk loading greatly facilitates automation. 

See Chapters 36 to 38 in Section 6. 

8.13 Administrative Aspects 
Computers are also used to stream line activities like: 

Office work, time keeping, 

Inventory control, 

Maintenance. 

See Plates 8.1, 8.2 and 8.3. 

• preservation and 
protection of the 
plant 

• avoidance of 
unnecessary 
capital tie-up 

Plate 8.1 

• prevention of 
production 
interruptions 

.'owering the 
maintenance 
expenses 

• lowering the 
material costs 

• cost-saving withdrawal 
and procurement 
procedures 

• logging and evaluating 
the hours worked 

• mechanized wages 
and salaries 

• security and 
safety of buildings 
and installations 

Time-keeping and security 

Computerised administration systems in cement industry. 
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8.14 Marketing 
Market trends in terms of demand and prices can be 
studied and analysed using computer programmes. 
They are a great tool for planning of production and 
expansion 

8.15 Management of Finances 
Proven and tailor made computer programmes are 
available for working out feasibility of schemes; to 
decide between various options for raising funds. 
These programmes also carry out 'sensitivity analysis'. 

8.16 
There is hardly any activity in the design and operation 
of cement plants which does not use computer. As a 
matter of fact comprehensive programmes like SAP 
and ERP are now available to cement industry. 

8.17 Users of Computers 
Designers of Machinery developed computer 
programmes for their own use. It is true today also. 
So is true of programmes for design of civil structures. 
Consultants used programmes for project engineering 
and process calculations. They were used to work on 
the assignments received by them. 

Today however a large number of programmes are 
available 'generally'. They could be bought and used 
by anyone. Financial packages would fall in this 
category. However to day programmes like Mathcad 
and Mathcem are available to anyone interested in 
them. This brought the tool of computer in the hands 
of a far greater number of people. 

Mathcem was developed by Mr. S.Pal of SoftIdeas 
Pvt. Ltd. It is a pioneering work of its kind. Even in 
this Book, Section 8 contains a good many 
programmes developed on 'Excel' which are 'live.' 

Mr. S.P.Deolalkar, Author of this book had made a 
beginning in computerizing designs of machinery, its 
sizing and in process calculations more than three 
decades back for his Company ABL. In those days he 
had to use main frame computers which were available 
with companies like ACC, TCS and IBM. Today 
personal computers have same capabilities. Windows 
have revolut~onised computer programming and their 
application in all walks of life. 
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CHAPTER 1 

1.1 Objective 
A Layout of an Industrial Plant or Process is a logical 
and practical arrangement of the various sections and 
stages of the plant and the processes that would help 
in the production and disposal of the product/s and 
wastes if any from available raw materials and energy 
resources in an efficient manner using optimum inputs 
in terms of space, raw materials, energy and manpower. 

The general plant layout includes various sections 
of the plant starting with receipt of raw materials, and 
ending with dispatches of the product. It also includes 
receiving of power and fuel and water required for 
process/cooling/consumption. 

While principles of good layout are the same for all 
processes and plants, there is a large variety of layouts 
according to the peculiarities of each individual plant 
and process. 

Even for the same Industry layouts vary 
considerably according to the location, size of plant 
and process used, storages to be provided for and space 
available. 

Layouts also depend on external factors like size 
and shape of plot of land available, orientation with 
roads, river, railway line, power transmission line etc. 

This section aims at laying down broad principles 
and practices and factors governing them for General 
Layouts of Cement Plants. 

1.2 Scope 
Cement can be made by using different processes like 
wet, semi wet, semi dry and dry. The dominant process 
prevailing is Dry Process. Here primarily dry process 
is considered. 
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CEMENT PLANTS 
GENERAL LAYOUTS 

Cement plants come in all sizes; sizes ranging from 
30000 tpa for a mini VSK plant to a + 2 million tpa 
plant. Cement plants with rotary kiln/s would be 
considered here. 

Fuel can be coal or oil or gas according to economic 
availability thereof. In India, coal is the fuel used by 
almost all plants; electric power is bought from the 
Grid in the vicinity though many plants would have 
their own captive power plants (coal or oil fired). For 
this reason the layout would be built around coal as 
fuel and electricity from grid. 

Many plants now use imported coal and some use 
lignite an,d petcoke as fuel on regular basis. Layouts 
need to be slightly modified in such cases. 

1.3 Making of Cement 
For better understanding of the design of general 
layouts of cement plants the process of making cement 
may be illustrated by block diagrams / flow charts as 
shown in Figs 1.1 to 1.3. 

Making of cement has already been dealt with in 
Section 1 with typical flow charts in Chapter 7 thereof 
and hence need not be repeated. 

1.4 Initial Steps 
Various steps leading to deciding on the size of the 
plant and its location vis a vis lime stone deposits 
proposed to be exploited have also been dealt with in 
Section 1 on Basics and Section 3 on TEF Studies. 

Taking all these factors into account, the 
entrepreneur shortlists two to three sites and 
investigates them in depth. The primary and most 
important investigation is of course with respect to the 
suitability and availability of deposits. 
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Fig. 1.2 Flow charts and plans for clinkering and coal mill sections. 
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Fig. 1.3 Flow charts and plans for cement mill and packing plant sections. 
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After this, the entrepreneur has to look into the 
following: 

1. obtaining lease for mining for a sufficient area 
ofland, 

2. availability of land for factory and colony, 

3. relative locations of mines and factory: while 
the location of quarries is fixed, location of plant 
would be finalised giving consideration to 
proximity to roads, rail link, power line etc. As 
far as possible factory and mines should adjoin 
but it is not always possible to do so. 

Side by side the entrepreneur has a dialogue with 
Process Technologists, Consultants and Machinery 
Manufacturers to obtain broad requirements of land 
for factory, manpower requirements - hence housing 
to be provided, power fuel and water requirements for 
the present and for the future. He also prepares 
preliminary layouts with the help of his Consultants to 
highlight relative locations of various sections of the 
plant and storages of various materials to be provided 
and find out broadly area required for the plant. 

Armed with this he can now start developing actual 
layouts at proposed site/s 

1.5 Basic Considerations 
Basic considerations in developing good layouts are: 

1.5.1 General 
Land to be procured should be adequate leaving some 
elbow room even after expansion. 

The factory should not be located as far as possible 
on useable limestone deposits. 

Load bearing capacity of soil should be ascertained 
over a large area and depth to which foundations 
would have to go should be ascertained for heavy and 
for tall buildings. 

Seismic zone of the region in which factory is 
located must be ascertained. 

Underground water table in different parts of the 
year and minimum depth below surface should be 
ascertained. This helps in taking decisions on maximum 
depths of pits for conveying equipment, crusher etc., 
in the plant and also with respect to water proofing. 

Wind directions and velocities at different heights 
and in different parts of the year and the wind rose as 
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well as details of precipitation (rain) in different parts 
of the year over a period of the last 15 years or so 
should be obtained from the Meteorological 
Department. 

1.5.2 Material Handling 
The modes of conveying uncrushed and crushed 
limestone, inside and outside the plant; conveying 
ground raw meal and coal and cement should also be 
selected; transport of clinker from kilns. its storage 
and transport to cement mills should also be finalised. 
These decisions help in providing for adequate lengths 
for conveyors whether belt or deep bucket etc. 
Presently mechanical conveying is preferred to 
pneumatic conveying to save power. 

1.5.3 Storages 
Crushed limestone and correcting materials and coal 
and clinker and gypsum and also ground raw meal, 
ground coal and cement are required to be stored in 
the various stages of the production of cement to ensure 
uninterrupted supply of materials between stages and 
for ensuring continuity of operation and dispatches. 
Quantities to be stored depend on a great many factors 
which vary from site to site, should be decided upon. 

If the plant proposes to make blended cements then, 
in addition to above it is also required to store blending 
materials - fly ash, granulated slag - as the case may 
be and also blended cements. 

Most plants have captive power plants using diesel I 
hsd/ lshs oils, or coal fired depending on the size of the 
cement plant. Thus the plant has also to provide for 
storage of oil and if coal fired, then for additional 
quantities of coal for the thermal power station. 

With the introduction of Stacker & Reclaimer 
systems it is possible to achieve blending of stored 
materials while reclaiming. This method of storing is 
now commonly used for crushed lime stones and for 
coal. But they require considerable amount of space. 
This is particularly so for coal where height of stock 
pile is limited to 2.5-3 metres. 

Clinker would be generally stored in covered tent 
like circular covered sheds 60-80 meters in diameter. 
For small plants it may be stored in silos also. 
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Raw meal and ground coal and cements would be 
stored in silos; so also fly ash because of its fineness. 

1.5.4 Railway Siding 
If the plant can have a rail link a large part of the 
production would be dispatched in bags or in bulk by 
rail as this mode of dispatch is cheaper for long 
distances. Still a substantial part would be dispatched 
by road. It is now possible to send cement in bulk by 
road in specially designed self unloading carriers and 
also by rail in specially designed wagons. 

Thus the plant layout must be designed with a 
railway siding and also for road dispatches. If there is 
no rail link nor is it likely to be there in the near future, 
then the layout would be designed only for road 
dispatches. 

The railway siding requires long length to 
accommodate rakes of box wagons of ::: 55 ton 
capacity each and capacities of 2200 tons for a rake 
of 40 wagons and 3300 tons for a rake of 60 wagons. 
Total rake length will be about 700 metres. Number of 
lines shall be minimum 3 to allow for incoming and 
outgoing and for internal placing of wagons for loading. 

If coal is also received by rail, additional railway 
lines or siding may have to be added for unloading of 
coal (if plant has coal fired power plant quantity of 
coal to be handled increases substantially). 

1.5.5 Location of Crushing Plant 
If the quarries are close by it would be advantageous 
to locate the crushing plant (and subsequent storage 
also) inside the main plant. If stone is brought in by 
dumpers as it would be in most cases, the plant would 
have to have a long ramp for reaching a suitable height 
for unloading run off mine stone in the crusher hopper. 
Otherwise crusher would have to be installed in a deep 
pit. This ramp takes considerable amount of space and 
the layout has to accommodate it either inside the plant 
or just outside the plant. 

This situation also assumes that the area under 
mining lease is adjoining the main factory area. Else 
the plant would have to acquire a narrow strip of land 
for constructing the road between quarries and plant. 

Another possibility, if the plant is very large, is to 
install a mobile crusher (or a semi mobile). In this case 

crushed limestone would be brought into the plant by 
an overland belt conveyor. 

1.5.6 Incoming Power Supply 
The incoming electric power supply would be, in most 
cases, at 132 KV or at higher voltages. The Electricity 
Board would have its own substation. 

Generally speaking it would be just outside the main 
plant. From there, power lines would be taken to the 
plant's own outdoor substation. Voltage would be 
reduced to the voltage to be used for HT motors at 
this point itself. 

The location of the grid substation would depend 
on the orientation of the overhead transmission line in 
the area vis a vis the factory. If the quarries are far 
from the plant, or if the crusher is located in the quarries 
a HT line of smaller capacity would have to be 
arranged for supplying power to the quarries. 

The size of the grid substation and company's own 
substation must have provision for future expansion. 

Location of the outdoor substation within the plant 
depends on many factors. Primarily it should be at the 
load centre of the total plant. This location should also 
be convenient to locate the thermal power station. This 
would reduce lengths of expensive HT cables and of 
cables between captive power plant and the main 
distribution centres of the plant. 

1.5.7 Captive Power Plant 
Location of captive power plant depends on what fuel 
is being used. If oil, then its receipt, storage and 
subsequent handling has to comply with specific norms 
pertaining to fire hazards which require that oil tanks 
should be isolated by constructing a wall around them. 
If the oil used is lshs, then arrangements are required 
to be made for heating it to make it suitable for use. 
Naturally therefore, the leads from storage to the diesel 
generator sets should be as short as possible. 

Life of diesel engines used in the generation of 
power is almost directly proportional to the extent the 
intake air is dust free. Hence elaborate arrangements 
are required to be made to clean and wash the 
intake air. 

Even then it helps greatly if the power plant is 
located in such a way that it is far from sources of 
generation of dust within the plant. 



1.5.8 Water Supply 
Plant requires water for; 

(a) cooling of machines like bearings, compressors, 
diesel engines etc., 

(b) process purposes like treating exhaust gases 
from kiln before the esp and 

(c) for consumption as drinking water in the plant 
and in the colony. 

Water required for (b) is totally lost. In some cases 
water from drains of houses etc., may be collected 
and treated for non drinking purposes like gardening. 
Water used for (a) is collected and cooled and 
recirculated. Only about 20 % is required for make up 
purposes. It is required to provide for cooling ponds 
and for recirculation. 

The d.g. sets would also require water to be cooled. 
It would most probably have its own cooling towers. 

If the plant has coal fired power station, boilers 
would require substantial quantities of water for 
generation of steam. Steam would be condensed after 
use and water re used. Thus thermal power stations 
would need arrangements like cooling towers or ponds. 
It helps if these cooling ponds are not in the direct 
path of dust sources. 

Water to be used for spraying in conditioning tower 
and for cooling of compressors and for raising steam 
needs to be soft and hence water treatment plants are 
installed. 

1.5.9 Contours 
Land available for the factory would seldom be level. 
If cultivated it has a greater chance of being level; but 
then such land is hard to come by and is very 
expensive. Fallow land or government lands would be 
cheaper to get. But such plots of land would need 
developing for installing the plant. It is therefore 
necessary to have or draw a contour map of the area. 
The contours should be used to advantage in locating 
the various sections of the plant. For example the slope 
could be used to install the kiln and cooler so that 
excavations are minimum. This is particularly so if the 
soil is rocky. 

Slopes also help in the drainage of rain water and 
in flow of water to cooling ponds so that power is not 
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required to be spent for the purpose. Maximum use 
should be made of natural contours for such purposes. 
See Fig 1.4. 

1.5.10 Drainage 
Drainage is an important function to be kept in mind. 
Poor drainage may cause flooding in some sections of 
the plant in times of heavy rain. There could be streams 
in the area chosen for the factory. These should be 
made use of to take the water out of the plant area. If 
required streams could be diverted so they do not cause 
flooding. 

1.5.11 Green Belts and Landscaping 
It is now statutorily required to locate the plant, leaving 
a certain minimum distance between the plant and the 
state highway. Further it is required to create 'green 
belts' between the plant and the highway, between plant 
and colony or adjoining populated areas, also between 
plant and mines. The green belts serve as breathing 
dust filters and also as noise barriers besides 
beautifying the landscape. In the planing of the plant 
and colony due attention needs to be paid to this aspect. 

In developing quarries to excavate the limestone 
large quantities of overburden and interstitial clays or 
shale needs to be handled and set aside if it cannot be 
used as additives for designing the raw mix. 

Over the years this assumes massive proportions 
and then it is very difficult to dispose it off. The planning 
of developing quarries should include schemes for 
storage and disposal of such waste material. As the 
mines get developed, deep excavations are created 
over large areas which were level ground to start with. 
Further as benches get developed the depths increase 
and it is required to deal with under ground water. Some 
times and particularly in rainy season this becomes an 
almost continuous operation necessary to keep mining 
uninterrupted. The quarry water can be used in the 
plant for its use. 

Landscaping of quarries is now receiving more 
attention from entrepreneurs to preserve environment 
and ecology. The excavated material used for 
landscaping and to plant trees. The discarded pits are 
used for making ponds suitable for boating and fishing 
and discarded quarries become picnic spots. 
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1.5.12 Pollution Free Environment 
The communities all over have become environment 
conscious. They insist that Industries coming up in their 
midst do not cause pollution in their surroundings. 

The State and Central Governments lay down norms 
for keeping the environment clean. Cement Industry 
basically causes air and noise pollution. Over the years 
air pollution has come down because the Industry now 
uses electrostatic precipitators (esp) or bag filters to 
clean exhaust gases. 

Noise pollution disturbs only the community in the 
immediate vicinity. However even here the level has 
come down considerably by the use of Vertical mills 
for grinding limestone, coal and increasingly cement 
also. 

Communities act like watchdogs and report to the 
concerned authorities, violations by the Industry. 
Industry is therefore required to monitor the levels of 
emissions almost continuously and is required to keep 
the community happy. 

For all these reasons it is required to give a great 
deal of thought at the planning and layout stages itself 
to these matters. 

Proximity of the village/s town nearby in relation to 
the plant should be examined with reference to the 
proposed plant site. Here the information on wind rose 
is very useful; the plot should be so selected that dust 
does not get deposited over the populated areas. The 
dust nuisance comes down in proportion to the square 
of the distance of the plant from the target. It would 
therefore be advisable to keep a safe distance between 
the plant and the village/s and township. 

Green belts mentioned earlier filter dust and noise 
and hence should be planned with reference to 
surrounding community. Planting of trees within the 
factory area around open stock piles also serves the 
same purpose. But it takes time for trees to grow. 
Therefore a beginning has to be made in the initial 
stages of developing the layout. 

When dumpers or trucks ply on roads dust is thrown 
about particularly in dry season. Communities are 
known to complain about this nuisance also. Hence 
ways and means are to be found out to keep the 
community happy. 

1.5.13 Process Control and Computerisation 
Whether the plant is large or small it will have almost 
certainly microprocessor based computerised 
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instrumentation and process control. Degree of 
centralisation and automation and sophistication would 
vary greatly from case to case. 

In a great many plants there are automatic sampling 
stations; samples are taken pneumatically to the 
X-ray analyser, prepared for testing and tested in 
X-ray analysers; results are used to correct 
proportioning on a continuous basis; even mining 
operations are guided from the central station. 

Operations of the various sections are monitored 
from the Central Control Panel starting from crushing 
and ending with dispatches. The Control stations need 
no longer be in the respective production departments. 
The Central Station can be located at any convenient 
central point in the plant. PCs have revolutionised and 
facilitated transfer and storage of data, feedback etc. 
The testing laboratory of the cement plant is no longer 
what it used to be. The production and operation and 
quality control aspects are now brought together and 
integrated for optimum results. It has become the show 
piece of the plant and visiting dignitaries are taken there 
first. Its design and planning assumes great importance 
today. 

1.6 Developing the Layout 
The work on developing the layout begins against this 
background. It is a joint effort between the Consultant, 
the Entrepreneur and the Suppliers of machinery. 

The entrepreneur has to furnish all pertinent details 
of site and infrastructural conditions, contour maps, 
wind rose, Geological Survey of India maps, power 
line routes, locations of substations, locations of rivers, 
streams, reservoirs, state roads and highways, rail 
routes etc., to the Consultant. 

1.6.1 Finalising Process and Machinery 
The Consultant would be involved in finalisation of 
processes and types of machinery to be used in the 
various stages of manufacture; he would also advise 
on storages to be maintained at various stages and 
types thereof. 

The entrepreneur would have invited offers from 
the prominent Suppliers of various machinery on the 
basis of specifications drawn by the Consultant. The 
Suppliers submit their quotations with system flow 
charts and typical departmental drawings for buildings 
housing their machinery. Thus overall areas required 
for various stages ~n production like crushing, grinding, 
kiln-preheater-cooler etc., become known. 
See Figs. 1.1 to 1.3. 
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These are used by the Consultant to develop the 
General Plant Layout. 

1.6.2 Linking of Sections 
An important aspect here is the linking of the stages 
of production in sequence; transport of finished product 
of a section to the following section as its raw material 
and so on till cement is produced, stored and dispatched 
from the plant. The departments are so arranged with 
reference to one another that the distances are short 
and direct avoiding transfer points and changes of 
direction etc. 

1.6.3 Straight Line Layout 
In one approach in developing the plant layout, all 
departments are arranged in a straight line one after 
the other. This is known as a 'straight line layout'. 
This requires a long and a narrow shape of plot to be 
able to arrange departments in a straight line. When 
the plant is expanded a second line parallel to the first 
unit is laid down. 
See Fig. 1.5 a. 

a) n 

1.6.4 Shape of Plot Available 
Layout design also depends on the shape of the plot of 
land available. Departments have to be arranged with 
respect to one another to suit the shape of the plot. 
See Fig. 1.6 a and b. 

In another approach, facilities of the same kind are 
grouped for instance blending and storage silos for raw 
meal, cement silos for the first production line and for 
subsequent expansions. 

Many a time the crushing plant is common for 1 st 

unit and duplication. Capacity of stacker reclaimer 
system is increased by lengthening the stock piles. Thus 
crushing plant and stacker reclaimer feeding and 
extraction systems would be common to both the units. 

In any case even where two lines are separate, 
they are interlinked so that production is maintained in 
both the lines. Interlinking thus gives flexibility and 
continuity of operation and is an important feature of 
planning a layout. 

=::c:=J--D--(~-rI-iL....-~ =~====r8§D 0 
1 2 3 4 5 

1. Straight line layout - scattered storage 

b) 
17 19 12 

13 

17 

11 

2. Layout around central crane gantry 
18 

Fig. 1.5 Types of layout according to storages - scattered, centralised. 

1 Crusher - primary 
2 Crusher - secondary 
3 Limestone storage 
4 Raw mill 
5 Blending silo 
6Preheater 
7 Kiln 
8 Cooler 
9 Clinker storage 

10 Cement mill 
11 Cement silos 
12 Packing plant 
13 Coal storage 
14 Coal crusher 
15 Coal mill 
16 Truck loading platform 
17 Wagon loading platform 
18 Railway siding 
19 Crane gantry 
20 E.O.T crane 
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1 Crusher primary 
2 Crusher secondary 
3 Lime stone storage 
4 Raw mill 
5 Blending silo 
6 Preheater 
7 Kiln 
8 Cooler - coal mill 
9 Clinker storage 

10 Cement mill 
11 Cement storage 
12 Cement packing 
13 Coal storage 
14 Coal crusher 

c:::====::::f 16 17 15 Truck loading 

a - More or less square plot 

3 

15 
b - Long narrow plot 

16 Wagon loading 
17 Railway siding 

4 

5 

Layout - plot size & shape 

Fig. 1.6 Layout arranged to suit shape of plot of land available. 

1.6.5 Centralised Storage 
Layout is also required to be designed to suit receipts 
and storages of various materials. In the past layouts 
used to be built around a central storage like a crane 
gantry in which were stored various materials like lime 
stone, clinker, coal and gypsum. 
See Fig. 1.5 b. 

However it is not so now. Storages are scattered 
all over the plant. Receipts and extraction facilities are 
designed to suit volumes and rates of consumption. 
See Figs. 1.5 a and 1.6. 

When plant is making blended cements it has to 
handle receipt and storage of blending materials like 
slag and fly ash. Layout has to be developed in such a 
way that all materials are handled efficiently. 
See Fig. 1.8. 

Where railway siding is concerned it would almost 
certainly be at right angle to the straight line 
arrangement. If it has to be in line with the straight 
line, then straight line would be broken at clinker storage 
and cement mills and silos and packing plant sections 
arranged at right angles. 
See Figs 1.5 a, 1.6 a and 1.7 b. 

1. 6. 6 Layout is a Plan 
The General Plant Layout is a plan showing 
arrangements of various sections. Heights are not 
shown. Ground levels or datum levels of various 
sections are shown with reference to a common 
benchmark. 

It is ideal if all ground levels are the same. If the 
plot of land is fairly level it can be leveled to this end. 
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00 11 

~ 

a - Plot for only despatches by road 

12 

16 

b - Plot for despatches by road & rail - and railway siding 

Fig. 1.7 Layout - despatches by road, road and rail. 

10 Cement mill 
11 Cement silos 
12 Packing plant 
15 Truck loading platform 

16 Wagon loading platform 

17 Railing siding 
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Lime Stone 
Clinker Raw mill rRaw meal Silo 

DO Kiln 
Cooler ------rr_!---------'-

Correcting material 

Crushed Coal 

11111 11111 11111 11111 11111 
11111 11111 11111 11111 11111 11111 

11111 11111 
11111 11111 

Sia 

o OOcement Silo 
Fly Ash 

Railway siding 
11111 11111 11111 11111 11111 11111 11111 11111 
11111 11111 11111 11111 IIII1 11111 IIII1 11111 

Presently storages are scattered all over the plant 

Fig. 1.8 Storages in a cement plant. 

However if the differences are too high requiring 
removal or fIlling up of huge proportions, then different 
sections of the plants may have different datum levels. 
If the connecting link is a belt conveyor then its 
inclination can be reduced to advantage. In case of 
stock piles for storage, lower datum levels increase 
stored quantity. Same applies to heights of silos. As 
mentioned earlier different ground levels between kiln 
and cooler would reduce excavation and cooler can 
be installed at ground level. 

While developing the general layout it helps to make 
side by side 'single line' sketches of elevations so that 
correct distances are maintained between the 
departments and heights of silos and building are taken 
into account. 

Typical examples of crushing plant and stock pile 
of crushed lime stone and clinker storage have been 
shown in Figs. 1.11 and 1.18. 

1.6.7 Expansion 
In developing a layout it is most important to provide 
for expansion. Therefore the entrepreneur must have 
some idea of the capacity after expansion. This 
expansion can be 2-3 times the existing capacity if the 

original kiln is without the calciner. If the first kiln already 
has a calciner then the first expansion coming shortly 
after the first line has gone into operation, would be 
duplication in almost all sections. This way machinery 
would be duplicated requiring same spare parts. 

If the expansion however takes place after a long 
interval, then the capacity of the second line could be 
much larger. It would be prudent to provide for ample 
space for such an expansion. 

The center line distance between two production 
lines is arrived at from such considerations. 

1.6.8 Maintenance 
In kiln, cooler, and preheater, refractories are installed 
in the beginning and then are required to be replaced 
periodically. The replacement is at regular intervals in 
the burning zone of the kiln and in the discharge hood 
and throat of the cooler. This requires provision of quick 
handling of discarded refractories, bringing in of the 
new lot and providing room for its storage near or inside 
the building till they are installed. 

From time to time rollers of vertical roller mills are 
taken out and are replaced or tyres are changed. This 
needs provision for access of trucks right up to the 



14 Section 6. LAYOUTS AND DETAILED ENGINEERING 

mill. This is also true of kiln rollers. In case of kilns 
occasionally shells need to be changed. Kilns used to 
be erected with the help of a travelling structure 
straddling the kiln piers with the help of chain blocks 
hung from it. Now shells and bed plates are lifted up 
with the help of cranes. This requires access as also 
head room for the crane to approach the kiln piers. 

1.6.9 Roads 
Another important consideration is provision of access 
roads within the plant and around the sections for 
movement of machinery and materials and also for 
pedestrian traffic of workers. Free access must be 
provided at least on two sides of a building even after 
expansion. 

Roads would be designed according to the density 
of traffic. It is good to provide for a 'ring road' round 
the plant and in between the units and feeder roads of 
smaller width for sections within the plant. The main 
road from the main entrance should be a two way 
4 lane road so that traffic flows in both directions 
without hold-Ups. 

For raw materials that come in truck loads by road 
and are stored in different places it would be desirable 
to provide two way roads with dividers at least for the 
common length. There are occasional hold-ups at 
unloading points due to bunching up of incoming trucks. 

. Where large volumes of cement are despatched 
by road, it would be prudent to create a well designed 
parking place outside the plant premises with toilet and 
canteen facilities. Only such number of trucks should 
be admitted inside in a regulated manner as can be 
handled by the loading facilities provided. 
See Figs. 1.24 and 1.25 and also Figs. 35.2 and 
35.7 in Chapter 35. 

Even where truck loading is mechanised, the trucks 
may have to reverse for stationing themselves at loading 
points. A parking and maneuvering place has to be 
provided for this purpose near the loading station. 
See Fig. 35.6 in Chapter 35. 

For bulk loading trucks will stand directly under the 
silos. Bulk loading would be faster. 

Care should be taken to see that traffic of cement 
trucks does not get entangled with trucks of other 
materials. 

Design of roads is thus an important aspect in the 
plant layout. 

1.6.10 Parking and Garages 
Space also needs to be provided for parking of 
Company's own trucks, vans, cars, ambulances and 
school buses etc. Company would also have to provide 
for service stations for petrol and diesel and for garages 
for routine service and maintenance of its vehicles. 

The number of two wheelers coming in the plant is 
increasing though number of workers employed is 
shrinking. Quite a large number of executives bring in 
their cars. So parking places on a much larger scale 
are to be provided all over the plant. 

1.6.11 Earth Moving Machinery 
Group ofVehic1es for mining operations would generally 
be handled separately. Quarry equipment like shovels, 
dumpers, drills and compressors etc., need more 
frequent servicing, repairs and maintenance and hence 
separate adequate facilities would be provided for them 
in the quarries itself or near the plant according to the 
distance of the mines from the plant. 

1.6.12 Service Buildings 
Besides main factory buildings or production 
departments there are a good many other service 
departments - beginning with Time Office and Security. 
Then there are Main and Sectional Laboratories for 
testing samples and for carrying out various statutory 
tests to maintain uniform quality of cements produced. 

There are Engineering and Design Offices and 
offices for executives. Some supervisory staff may 
have their offices in their respective production / 
operation sections but for sake of convenience higher 
grade staff would be sitting in a central office. 

1. Administrative Office 
Plant would also have an administrative office 
to house administrative staff, marketing and 
accounting staff, purchasing section etc. 
Generally these sections have a large number 
of visitors from other companies, government 
departments, vendors etc. It is better not to let 
them into the plant. Therefore the Administrative 

ffices would be outside the main plant. 
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2. Stores 
Plant has to have a General Store for keeping 
and issuing maintenance stores and for 
consumables. This store has to be in a central 
place for ease of access from various sections. 
Some items like refractories, lining plates, 
grinding media etc. take lot of space and would 
be stored outside in the open in an enclosure. 
The Store has to receive above mentioned 
materials. If it is feasible it would be good to 
take a rail track into the store yard for unloading 
wagons. There should be good approach road 
for trucks. 

3. Workshops 
Plant would have a Workshop for routine 
maintenance and repairs for the machinery and 
an Electrical Shop attending to electrical motors 
switch gear etc. These two would normally be 
housed in the same building. The Workshop 
would have commonly required tools like lathe, 
milling and drilling machines, welding machines 
etc. The building would be planned to meet all 
these requirements and would be located near 
the load centre. 

Location and sizing of these service centres is 
also an important aspect of plant layout. 

1.6.13 Railway Siding 
Design of a Railway siding starting from the main line 
to the Plant is a specialised job and as such should be 
entrusted to specialists who have been associated with 
Railways doing such work. Important considerations 
are volume of traffic to be handled in terms of incoming 
and outgoing rake loads and retention time permitted. 
For large volumes the Company would arrange for its 
own diesel locomotives for shunting and placing of 
wagons inside the plant. Railway locomotive will bring 
in empties for cement, loaded coal, gypsum etc., and 
take away loaded cement wagons etc., from a given 
point. 

Th: lengths and numbers of loading platforms shall 
be in accordance with the number of packing machines, 
loading points per machine and facilities for wagon 
loading. If wagon loading is mechanized, the platform 
has to be designed to suit wagon loading machines. 
The empties are to be placed in position so that in shifting 
valuable time is not lost. 
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Whereas in other sections it would be enough to 
show a block of the building (because machinery would 
be housed in it), the truck loading and wagon loading 
facilities would have to be shown in detail because 
they are at ground level. 

1.6.14 Cables 
Cables are laid out from grid substation to Plant's own 
outdoor substation; from there to H. T. and L. T. Control 
rooms and to individual MCCs in various departments. 
An electrical distribution scheme with a diagram is 
drawn out for this purpose. The power generated in 
Company's own captive power plant is also to be 
connected to the grid distribution system and 
synrchronised with it so that in case of failure of grid 
power the selected departments get uninterrupted 
power supply from the captive power plant. If it is 
intended to include H. T. motors of large rating also in 
the scheme, then generation voltage of power plant 
would be same as that of H.T. motors. Thus a large 
network of cables, H.T. and L.T., for power and also 
for Instrumentation and Controls and Communication 
is required to be laid down. This is to be integrated in 
the plant general layout from the beginning. 

Cables can be laid under ground in trenches or 
over head, supported on trestles and gantries. Both 
systems have their advantages and disadvantages. 
Plant has to take an early decision in this respect. So 
that while general layout is being developed, due care 
and attention is also paid to routes of cables and facilities 
to be provided for them. If cables are to be 
underground, many a time cable trenches are combined 
with water drains. However it would be better to keep 
them separate. Cable trenches should not be allowed 
to get flooded with water. There must be facility for 
inspection and maintenance. For this purpose cables 
are fixed in cable trays which are supported from 
brackets fixed in the walls of trenches. 

The choice between overhead or underground 
cables may also be dictated by soil conditions. In case 
of over head cables, sufficient clearance or head room 
needs to be provided for passage of dumpers, cranes 
where cables cross roads. Plans for future expansion 
should also be kept in mind in designing trenches and 
gantries. 
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1.6.15 Sewers and Drains 
Sewers for disposal of waste water from bathrooms 
and toilets etc., and also drains for rain water are to 
be provided for and integrated in the general plant 
layout. These are different from trenches required to 
be provided for taking cooling water to cooling ponds. 
They may be laid out side by side to follow slopes or 
contours of the ground. 

1.6.16 Gardens 
Gardens are becoming an integral part of today's 
cement plants and colonies attached to them. Well 
planned and maintained gardens spread out in the plant 
and around buildings inside it create pleasant 
surroundings and help to keep morale of the workers 
high. It also makes them of environment conscious. 
The impact on visitors is great. Blooming gardens in 
plant premises is a proof of commitment of the plant 
to keep environment clean. 

In some cases the plots selected for factory and 
colony would have a large number of trees on them. 
Conscious efforts should be made at the planning stage 
to preserve as many of these as possible. Today it is 
possible to transplant even fully grown trees. 

Over burden from the mines can many a time 
provide fertile soil for growing trees and gardens. 

Similarly waste water from colony or underground 
water collected in mines could be used for these 
purposes. 

1.6.17 Plants on Coast 
In a great many countries like Japan, Korea, Greece, 
etc. Cement Plants are located on the water front. 
These plants have their own particular requirements 
in designing plant layouts. First and foremost, the land 
available would be very restricted and very expensive. 
Almost always they would receive crushed limestone 
from mines situated far away from the plant. The 
quantum of storages to be maintained would have to 
be minimum and because of lack of space they would 
be vertical that is in silos for limestone and clinker and 
cement also. If coal is imported, it would come in 
shiploads and facilities have to be provided for unloading 
ships at fast rates and for stacking and reclaiming coal 
in large quantities in the plant or at the port itself. 

In these locations most of the cement would be 
shipped in bulk in shiploads. This would require facilities 
for handling of cement in bulk bringing it from the plant 
and discharging it into ship's holds. The facilities for 
handling coal and cement would be quite different from 
each other because of the difference in characteristics 
of the two materials. 

In India it is unlikely that any cement plant itself 
would be located on the coast because of the locations 
of limestone deposits in it, except in Gujarat. 

1.6.18 Split Locations 
Some plants have however come up with split locations 
i.e., clinkering facility in one place (near limestone 
deposits) and cement grinding facility in another place 
near the markets. In some of these cases, clinker is 
shipped in barges and unloaded at another coast where 
the grinding unit is located. Cement can be loaded into 
ships in bulk and exported. 

1.6.19 Export of Cement 
In some cases cement is brought in bulk from plants 
located in the hinterland and a storage facility is created 
on the coast. Such facility is created in common by a 
group of Companies joining together. At the depot, 
facilities are provided to load ships in bulk to export 
cement. India is also exporting clinker. It would need 
different kind of facility to handle clinker in bulk. 

1.7 Careful Selection of Options 
It would thus be seen that there are a great many 
permutations and combinations of a large number of 
variables so that there are a myriad possibilities of 
layouts. Each layout must therefore be designed 
specifically for its own case taking into account the 
various factors listed above. It is a challenge to design 
a good layout. Once it comes into existence very little 
improvements can be done subsequently to it. 

Therefore several possibilities should be carefully 
examined, their merits and demerits weighed before 
taking a final decision. 

A good well designed layout is a permanent thing 
and is the very basis of smooth and efficient operation 
of the plant. 



1.8 Preliminary Work on 
Developing Layouts 

As mentioned earlier it is necessary to fix distances 
between sections by drawing single line sketches of 
belt conveyors to reach desired elevations of stock 
piles, silos and hoppers. 

1.8.1 
To do that it is first necessary to arrive at dimensions 
of stock piles, silos and hoppers such as their diameters 
and heights. 

1.8.2 
For stacker reclaimer systems it is necessary to work 
out overall lengths and widths of stock piles after 
expansion. 

1.8.3 
For developing railway siding it is necessary to know 
traffic in rake loads and hence number of tracks and 
their lengths after expansion. 

1.8.4 
Sketches are developed to generate necessary 
information. 
See Figs. 1.10 to 1.19 

1.9 Examples of Developing 
General Layouts 

Making use of the guide lines mentioned above, General 
Plant Layouts have been developed for: 

1. A small plant without railway siding. 
2. A large plant with railway siding. 

1.9.1 
In case of a small plant, the basis of design has been 
furnished in Annexure 1. Just to illustrate the points 
made, layouts of a 1000 tpd plant have been developed 
on 'straight line' basis and also for a rectangular plot 
of land. The location of the plant in relation to the 
surroundings has also been shown. 
See Figs. 1.20 to 1.23. 

In Fig. 1.24 a more detailed layout has been shown 
for a small plant mentioned in (1), para 1.9 above. 
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1.9.2 
In case of the large plant besides the general layout, 
plans of plant and its mines, orientation and routes of 
roads, railway line and grid power transmission line 
have also been shown. 
See Figs. 1.25 and 1.26. 

Fig. 1.27 shows the entire plant layout as a part of 
the locale with neighboring township has been shown. 

Scales of three drawings would naturally be 
different. 

1.10 What Should the General 
Plant Layout Show? 

The general plant layout serves a specific purpose. It 
is a basic document for the plant and also for various 
outside agencies for obtaining their approvals in various 
fields like say from a factory inspector. 

It should contain all the pertinent information but 
should not suffer from cluttering. 

General Plant Layout should be either size A10r 
AO. The scale would have to be so chosen that the 
plot of land required for the factory is comfortably 
accommodated in it. 

1.10.1 The Name Plate Should Show 

(i) Name of the project. 
(li) Name of the Company. 
(iii) Size/capacity of the plant. 
(iv) Name of the Consultant who is preparing the 

layout. 
(v) Scale. 
(vi) North direction (convention is that unless other 

wise mentioned North would be at the top of 
the paper). 

(vii) Benchmark for the plant which is the reference 
level for the plant. There may be different levels 
for different sections; they should all be 
mentioned with the Main benchmark. Normally 
the benchmark would be the altitude of the place. 
This should be clearly mentioned. For 
convenience it is referred as ± 00. 

1.10.2 
Contours at intervals of 1 or more metres. 
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1.10.3 
Orientations of power line, road, rail link, stream or 
river, incoming point or entry point of crusher and 
colony. These are external to the layout proper but are 
important in the locations of the various departments 
and sections. 

1.10.4 Details Like 
(i) Centre lines of various sections with reference 

to one another. The layout has reference axes 
x-axis and y-axis with reference to which 
various sections, storages etc., are located. 

(ii) Outlines of buildings with their centre lines and 
dimensions and also centre lines of conveyors, 
pipe lines etc., storage areas with overall 
dimensions of stock piles, diameters of silos 
together with centre lines and storage capacities. 

(iii) Location of all non factory buildings with overall 
dimensions and centre lines. 

(iv) Roads with their centre lines and widths; railway 
siding with overall length, number of lines and 
spacing between lines. 

(v) Centre lines of cable routes and locations of grid 
and company's substations, HT and LT control 
rooms;central process control and 
Instrumentation station. 

(vi) drains and sewer routes and location of cooling 
ponds and water pipe line routes and overhead 
storage tanks and pump house. 

(vii) In packing plant lengths and numbers of loading 
platforms and also loading points of trucks. 

(viii) Ramp and abutments for dumpers to load crusher 
hopper with centre line width and approximate 
length and its alignment in the layout. 

(ix) Alignments of incoming power line, water pipe 
line and approach roads aI"so need to be shown. 

(x) In short all that occupies ground space or would 
do so should be shown so that it should not be 
difficult at a later to accommodate them. 

1.10.5 
As mentioned earlier the layout should clearly show 
space provided for expansion in dotted lines. 

Green belts should also be shown to ensure that 
adequate space is provided for them. 

A General Layout can seldom be built up in one go. 
Additions are made to it from time to time as things 
get finalised. Therefore there would be several 
revisions to the layout. They should be marked with 
date of revision and explanation thereof. 

1.11 Supporting Drawings 
The Plant Layout is the final picture of the project. It 
is built up gradually from plans and drawings obtained 
from several agencies. These supporting drawings and 
layouts are also important and need to be referred to 
now and then. 

1. The location of the plant and the quarries in the 
State and the District of the State in which it is 
located. 

2. The Location of the plant in the District and 
Taluq. This map would show the railway lines, 
roads major and minor and grid power lines and 
major and minor rivers and also towns and 
villages. 

3. Geological Survey of India's Plates of specific 
areas in which factory and mines would be 
located. The location of the plant and mines 
would be marked on it. These plates show in 
greater detail what map in (2) above would 
show; besides it would also show contours and 
elevations. 

4. Maps from Geological Department of the State 
to show and to demarcate the area for which 
mining lease has been granted. 

5. More detailed maps of the proposed locations 
of factory, colony and mines showing the plots 
of land according to ownership. These are very 
important for purchasing the land either from 
the Government or from private owners. 

6. Such maps and drawings help in assessment of 
land required for acquisition and help as guides 
in the process thereof. 

7. A map is then made out showing the precise 
area acquired, the alignments of power lines, 
roads etc. 

8. In this one drawing are shown relative locations 
of factory, colony, mines and also near by 
villages, townships, railway station, road etc. 



9. A map showing alignment of railway siding 
from the railway station, branching point to and 
inside the plant. This will also show contours 
and culverts / bridges if any to cross streams, 
rivulets etc. 

10. A similar map showing alignment of overhead 
transmission line from the substation from which 
power would be drawn to the Grid substation 
outside the plant. 

11. If water is drawn from a nearby river then the 
location of the well in the river bed, pumping 
station and route of the pipe line into the plant to 
the water treatment plant and overhead storage 
tanks in the plant. 

12. Roads from quarries and in quarries are also to 
be shown with reference to the mines and the 
plant. 

13. Quarry development plans are special drawings 
which would be prepared by the mines manager 
from the drawings obtained from the Geological 
Department and using the detailed report on the 
investigations of the deposits that would be used 
for making cement. A five year mining plan 
would be prepared showing the areas and their 
sequence of development; cross sectional 
drawings would be made to show how benches 
would be developed and to what depth for 
economic mining. Roads in the mines get 
developed as mining progress. Development of 
mines is required to be taken up ahead (by 
6 month or so) of the commissioning of the plant. 

14. Then there are layouts and drawings that are 
required to be made and submitted for approval 
to different Government agencies like Mines 
Inspector, Factory Inspector, Electrical Inspector 
and so on. 
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15. The General plant layout is thus not one drawing 
but several drawings showing information 
pertinent for specific purpose for which it is 
used. This way the layout itself does not get 
cluttered up and become difficult to read. 

1.12 Vastu 
A great many people these days not only believe but 
swear by 'Vastu'. Entrepreneurs of Cement Plants 
would not be an exception. 

The Principles laid down by us in this article are 
'scientific' and are based on requirements of process 
and operation and machinery used and the environment 
in which the plant would be located. 

There is never the case of there being one and 
only one layout that would be suitable. There are 
several possibilities each with its own advantages and 
disadvantages. Some requirements oppose one 
another. 

It is required to strike a balance and arrive at a 
layout that would offer maximum and lasting benefits. 

We would suggest that if Vastu falls in line with the 
scientific requirements well and good and it can be 
incorporated. But it should not be allowed to override 
the scientific and technical considerations relevant to 
production of cement. 

Fortunes of a cement plant are unlikely to be altered 
by locating the entrance or the exit in a specific 
direction. 

1.13 
General Plant Layouts of a few existing cement plants 
are attached. 
See Figs. 1.28, 1.29 and 1.30. 
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Fig. 1.9 

Fig. 1.10 

5 

9 

A 10 C 
12 

1 Cement mill 
2 Elevator 
3 Pneumatic conveying system 
4 Cement silos 
5 Pneumatic conveying pipe 
6 Silo for bulk loading of wagons 
7 Silo for bulk loading of trucks 
8 Packing plant 

9,10 Belts 
11,12 Wagon loading platform 

A - Truck loading - bags 
B - Carrier loading - bulk 
C - Wagon loading - bags 
D - Wagon loading - bulk 

Facilities for simutaneous truck and wagon loading of bagged and bulk cement. 

.1--'--''-------IT-,--;::====~--I~7f--''-'''-O.O 

S d 

--'-______ -l.-_I---t-..:.::::...I..)j<....><-O.O 

h1 = I sin01 

h2 = Height of hopper 

h3 = Height of centers crusher 

01 = Angle of apron feeder 

S = Horizontal projection of ramp 

d = Depth of pit under crusher 

S = Hltan O2 

I = Length of apron feeder 

Crusher ramp. 

h4 = h5 + h3 

h5 = Height of apron over crusher center 

h6 = Depth of belt under crusher 

O2 = Angle of ramp:::: 6-6.5° 

L = Length of ramp = H/sin02 
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d = Depth of pit 

h2 = Depth of conveyor BC 1 below ground level 

L 1 = Horizontal distance of crusher belt to stacker belt. 
L2 = Horizontal distance between belt Bc1 

and beginning stock pile 
I. = Length of stock pile 

L3 = Horizontal length of stacker belt 

SC 

l. 

L3 

.s::. 

a-, 
I I 
I I 
I I 

BC 1 - Belt conveyor from crusher 

BCS - Stacker belt 

SC - Stacker carriage 
BCSL - Stacker luffing belt 

9 -Angle BC1 
9] - Maximum angle BCS 
92 - Angle of repose 

Distance between crusher and stock pile 

Fig. 1.11 

93 = Angle of movement of luffing belt 
L = Length stacker luffing belt 

w 

d = Distance between stacker belt & center of stock pile 
s = Height above stock pile 

w = Width of stock pile 
h = Height of stock pile 

Angle of repose for lime stone 35° 

Elevation of stacker and stock pile 

Sketches to develop layout of a stacker reclaimer system. 

h 
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Fig. 1.12 

h h1 d h2 H=h2+h1 e L= H/tanO 

1. Crusher to stock pile 

h1 

L 

h h1 d h2 H=h2+h1 e L= H/tanO 

2. Stock pile to mill hoppers 

Belt conveyors as conveyors 
Small plants - Triangular stock piles 

Distance between departments and storages; 
applicable to rawmill, coalmill, cement mill hoppers. 
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~ ~ hI 
I w e L s h 

1. Crushed lime stone 

I I 

- r--t--- ~I +- r-- Capacity Volume 
No.s 

tons m3 
I I 

~ I ~ 
L 

~ ~ 
2. Clay/correcting 

hI materials I w e L S h 

I I 

-~-t----1 +- t- Capacity Volume 
No.s 

tons m3 
I I 

~ I ~ 
L 

3. Iron ore 

~ ~ hI I w e L 0 h 

I I 
Capacity Volume 

No.s 
- --t---- ~ +- r-- tons m3 

I I 

~ I ~ 
L 

4. Gypsum 

~ ~ hI 
I w e L S h 

I I 

~-t--- ~ +- Capacity Volume 
No.s - ~ tons m3 

I 1 

~ I ~ 
L Angle of slope linear stacker reclaimer system 

S = Bulk density tlm
3 

h = (wI2) )( tane 

L= I+w e = Angle of repose 

Fig. 1.13 Stock piles - estimation of sizes from capacities. 
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Stockpiles - open / covered 

5. Slag Blast furnance ;j hI ~ I w e L 8 h 

30 35 Triangular stock pile 

a) Wet slag I 

- --!---sJ +-r-
~ 

Capacity Volume 

~I m3 No.s I T 

L 

d ~ hI 
I w e L 8 h 

6. Slag 
/ 

Dried slag 

- r--l----~+- r--
Capacity Volume 

No.s 

~ I ~ T m3 

L 

7. S'og - ..,er head ¥ L w e h1 h2 8 

crane system for storage 

a) Wet slag ~A/"/"A/, 
a) Wet slag 

b) Dried slag L b) Dried s ag 

~J Capacity Volume 
~ No.s 

{MI.1 
T m3 

a) Wet sic g 

I. w .1 b) Dried s a9 

,. I ., L I w1 w2 h e 0 
8. Coal trapezoidal / h=3mI ~ 3 m height 3 

Stacker reclaimer 
linear stock piles K- - ~I-~I--} - r- Capacity 

Volume No.s 
L T 

Crushed coal 2 

? SJh=3 L=I+w e = Angle of repose 

I. w 1 .1 8 = Bulk density tim 
3 

Fig. 1.14 Stock pile estimation of sizes. 
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Fig. 1.15 

Limestone Clay Iron ore 

1. Assumed round with conical bottom -
steep angle of cone 

2. Cement mill I slag cement mill 

0.0 

Hoppers for mills - sizes and capacities. 
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Raw mill 

Material Capacity Bulk 
Tons density 8 

T/m 3 

Volume Angle of 
m3 slope 

e 
Limestone 

Clay 

Iron ore 

0.0 

0 h1 h2 H L H e 
Limestone 
DL,h11 etc. 
Clay 
DC,h1c etc. 

Iron ore 
DL,h1i etc. 

Material Capacity Bulk Volume Angle of Nos. 
Tons density 8 m 3 slope 

Tim 3 e 
Clinker 

Slag 

Fly ash 

Gypsum 

Material 0 h1 h2 H L H e 

Clinker 

Slag 

Fly ash 

Gypsum 
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Fig. 1.16 

h1 H 

D 

1. Continuous blending silo 
Kiln feed outside 

~~ 
1-2. 

h2 

H H 

D 

2. Cement -OPC/Slag 

Flat bottom- multiple 
extraction from bottom 

h1 

L 

'\71 

H 

1m 

Silos - sizes and capacities. 

Total Capacity Bulk density 

capacity T {; 

T each TIm 3 

D h1 

Generally h1 =3xD 

a)OPC 

Total Capacity Bulk density 

capacity T {; 

Tons each TIm 3 

D h1 

b) Slag cement 

Total Capacity Bulk density 
capacity T {; 

each T/m3 
Tons 

D h1 

Volume Angle of Nos. 
m3 repose 

e 

h2 L H 

Volume Angle of Nos. 
m3 repose 

e 

h2 L H 

Volume Angle of Nos. 
m3 repose 

e 

h2 L H 
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Flat bottom Conical bottom Capacity Bulk densi~ Volume Angle of Nos. 

T 0 
m3 

repose, , 
each T/m3 e 

t , 

a - Flat bottom 

0 L h1 h2 h3 e H 

b - Conical bottom 

o o 

3. Fly ash 

Conical bottom 
Capacity Bulk density Volume Angle of Nos. 

T 0 
m3 

slope 
each T/m3 e 

a- Kiln 

b - Calciner 

L 0.0 0 L h1 h2 h3 e H 

o a - Kiln 

4. Pulverised Coal 
b- Calciner 

Fig. 1.17 Silos. 
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5m 

L 
End of cooler 

Distance from dinker to center of pile 

Clinker storage 

Capacity Density Volume Cyclone ht. 
Angle of 

h2 
Tons kg/rn2 m3 h1 repose 

() 

35° 

I 
I 

I 
------+-------

I 
I 

I 

Fig. 1.18 Clinker storage. 



Fig. 1.19 

L= L1 + L2+ (h1 + h2 + h3) Itana 

Clinker 

D h1 h2 h3 L1 

Pit under cooler 

Assume spillage drag chain ground level 

d = Depth of pit = 3 - 4 m 

h3 = 2 - 3 m 

L=2-4m 

Pit under clinker stock pile 

Cross conveyor - pit ::0 2.5 m 

Main conveyor to cement mill pit,.,. 2.5 m 

L2 
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a = Angle of d.b.c. 
h2 = D/2 tan e 
e = Angle of repose 
h = 0.35 D 
h1= Clinker height::: 2 to 3 meters 

L3 L 

Deepest point below ground level::o 1- 5 m maximum 

Distance of clinker storage from end of cooler. 
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Fig. 1.24 
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General plant layout of a 1000 tpd cement plant producing OPC and PPC; 
total annual capacity 0.5 million tons; road despatches only. 

1 Ramp of crusher 
2 Primary Crusher 
3 Secondary Crusher 
4 Storage crushed lime stone 
5 Raw mill 
6 Batch blending 
7 Kiln feed 
8 Preheater 
9 Kiln 

10 Grate cooler 
11 ESP for cooler 
12 Coal mill 
13 Central control room 
14 Esp for kiln 
15 Substation of grid 
16 Transformer 
17 H.Tpanels 

18 D.G.set 
19 Cooling towers 

35 Overhead water tank 
36 Cooling pond 
37 Water treatment plant 
38 Storage clay & iron ore 
39 Workshop- mechanical & electical 
40 General stores 
41 Store yard 
42 Laboratory &engg. offices. 
43 Parking lot 
44 Green belt 

20 Oil storage 1250 I Benchmark for altitude 
x-x, y-y reference axes 21 Clinker storage 

22 Gypsum storage 
23 Crushed coal storage 
24 Coal crusher 
25 Storage raw coal 
26 Cement mill 
27 Cement storage silos 
28 Fly ash silo 
29 Weigh bridge 
30 Wetch & ward 
31 Time office 
32 Administrative offfice 
33 Canteen 
34 Parking lot for trucks 

Co) 

o 
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Fig. 1.25 
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1 Ramp for crusher 

2 Crusher 

3 Stacker reclaimer system for lime stone 

4 Hoppers for raw mill 

5 Raw mill 

6 Continuous blending 

7 Dust coUeclor 

8 Preheater 
9 Coal mill 

10 Kiln 

11 Grate cooler 

12 Central control room 

13 Cooler dust collector 

14 Clinker storage 

15 Supplementary storage for clinker 

16 Cement mill 

17 Cement silos 

18 Packing plant 

19 Bags godown 

20 Truck loading 

21 Bulk 10admg 

22 wagon loading 

23 Railway Siding 

24 wagon bppler 

25 Crusher 

26 Gypsum storage 

27 Slag storage 

28 Slag dryer 

29 Coal stacker & reclaimer 

30 Gerage 

Iy 
~Flrst 

c::J Future expansion 

32 LaboratOlY and englneenng office 33 Work shop & Electrical 34 Wetgh bridge 35 Oil storage 36 Parking lot for trucks 31 General stores 

38 Despatch office 39 TIme offICe 40 Canteen 41 Adminlstrallve office 42 Grid sub station 43 Plant SUbstation 

45 DG set 46 Cooling towers 47 Transformer & substation 48 Storage for coal & Iron ore 

50 water treatment plant 51 Cooling pond 52 Transformer & substation 

General plant layout of a 3000 tpd cement plant producing slag cement and opc ; 
total annual capacity 1.52 million tons per annum; total area = 125 hectares. 

49 Over head water tank 

53 Boundary wall 

37 watch & IM:lrd 

44 HT panel 

w ...... 
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Overall layout of cement plant and colony with respect to railway line, 
highway and quarries and electrical transmission line. 
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1 Highway 

2 Railway siding 

3 Well & Pump house in 
perennial stream 

4 132 KV Transmission line 
5 Feeder road to plant 

and Colony 

6 Feeder transmission line 

7 Grid substation 
8 Main plant 

9 Colony 

10 Quarries 

11 Road from quarry 
to crusher 

12 Perennial stream 
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Fig 1.27 Location of the cement plant with reference to surroundings, town ship, quarries etc. 
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1 Main railway line 

2 Township 

3 Main substation 

4 132 KV Transmission line 

5 Highway 

6 Cement plant 

7 Colony 

8 Leased area for quarry 

9 Perennial stream 

10 Railway station 
11 Take off point railway siding 
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General layout of a coastal cement plant in Japan . 
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Annexure 1 

Example of Building up a General Layout of a Cement Plant 

1. Process Dry Process Preheater kiln with ca1ciner 

2. Capacity 1000 t.p.d. 

3. expansion duplication to be allowed for 

4. Quarries close by - 2 kms from the plant 

5. crushing 2-stage in the plant 

6. transport of stone by dumpers 

7. mining mechanized 

2.5 m3 cap. shovels and 50 ton capacity dumpers 

8. Major equipment Machinery Capacity Size 

(i) crushers 2 stage primary jaw 350tph 1200 mm x 1500 mm 

secondary hammer 400tph 2500 mm x 3000 mm 

(ii) raw mill Ball mill, bucket elevator 
high efficiency separator 85 tph 4 m dia x 8m long 

(iii) blending double deck batch blending 2 x 10 m dia silos 

(iv) kiln feed weigh feeder and bucket 
elevator 

(v) preheater 5 stage single stream 2 x 3400 mm dia 
topstage 

4 x 1 x 5400 mm dia 
other stages 

(vi) calciner off line 6 m dia x 20 m 
tall 

(vii) kiln 3m dia x 40 m long 

(viii) cooler grate 2.4 m wide x 12 m long 
single grate 

(ix) dust collector common between kiln and raw 
for kiln mill 

g.c.t. and e.s.p. 

(x) dust collector e.s.p. 
for cooler 

(xi) clinker conveyor d.b.c. 35° inclination 75 tph 

(xii) coal mill air swept ball mill 10 tph 2.8 m dia x 5 m long 
(sp. Fuel consumption 800 kcal/kg ; coal 4500 kcal/kg) 

(xiii) cement mill closed circuit; high efficiency 

separator 65 tph 3.8 m dia x 11 m long 
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9. cements made OPC and PPC 50: 50 

fly ash brought from thermal power station 100 kms distant in bulk carriers 

10. cement dispatches 

PPC dispatched in bulk carriers OPC 
dispatched bagged in trucks by truck loaders 

11. no rail link 

feeder road to high way 2kms from plant on South side 

distance to highway 15 kms 

12. nearest substation 5kms 132KV 

power to pe received at 132 KV ; transmission line at 1 km-
in North South direction on East side of plant 

13. quarries 3 kms to West 

14. source of water perennial rivulet flowing East West on North side 

15. contour Level; difference limited to ± 2 metres 

16. land fallow - Government land easily available 

17. raw materials limestone clay iron ore 

proportions % 85 13 2 

18. distance from plant in kms 3 10 150 
brought in by dumpers trucks trucks 

19. coal brought m trucks from colhenes 200 kms dIstant 
4500 kcl/kg calorific value; 30 % ash 8-10 % moisture 

20. gypsum 

21. Storages 

limestone 
clay 

iron ore 

coal 

clinker 
gypsum 

fly ash 25 % 

cement 

OPC 

PPC 

Raw meal 

synthetic with 12 - 15 % moisture 
brought over a distance of 400 kms in trucks 

quantity in day's requirements 

(tons) 

type 

l,t unit 

7 
15 

30 

20 

14 
30 

2 

7 

2 

2.5 

after expansion 

5 
12 

20 

15 

14 
21 

2 

5 

2 

2.5 

triangular stock pile feeder belt with 
throw off carriage at top; central belt 

for extraction at bottom 

coal pile 3 m high 

in silo 

in silo 

in silo 

in silo 
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22. Silos : dimensions worked out using Figs 1.16 and 1.17 

Blending and storage blending silos 2 x 10 m dia x 14 m tall, above 

silos storage silos 2 x 10 m dia x 30 m tall 

(double deck) Total height 53m 

Cement 

OPC flat bottom 1 x 10 m dia x 35 m 

Total height 40 m 

PPC conical bottom 1 x 10 m dia x 40 m tall 

Total height 50 m 

Fly ash conical bottom 1 x 6 m dia x 22 m tall 

Total height 25 m 

23. Hoppers : see Fig. 1.15 

Capacity Size 
(tons) 

Primary crusher 150 6x6x4m 

Raw mill limestone 550 6 x 5 x 20 m 

Coal mill crushed coal 120 3x4x18m 

Cement mill clinker 520 6 x 5 x 20 m 

24. Dimensions of stock piles worked out from quantities to be stored as mentioned above using 
Figs.1.13 and 1.14 

Material width total length height 

m m m 

crushed lime stone 25 65 9 

after expansion 95 

clay 20 35 8.5 

after expansion 50 

iron ore circular pile 20mdia 

clinker 25 120 9 

after expansion 175 

coal 25 95 3 

after expansion 135 

gypsum 25 26 3 

after expansion 40 
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25. Distances between departments and storages 

1. ramp for crusher 120 m at 6° slope 

2. between primary crusher and secondary crusher ::: 60 m 

3. from secondary crusher to stock pile ::: 66 m 

4. between stock pile and raw mill 107m 

5. clinker conveyor d.b.c. ::: 30 m 

6. from clinker stock pile to cement mill hopper ::: 90 m 

7. coal unloading to coal crusher ::: 30 m 

8. coal crusher to coal stock pile 40m 

9. from stock pile to coal hopper ~90m 

These have been worked out from single line sketches shown in Figs.1.ll and 1.12 

26. Dimensions of the plot for factory area including provision for expansion. 

1. Try a straight line layout mentioned above. Laying out sections beginning with crusher, total 
length works out to::: 1100 m ; width will be only::: 160 m. 

Area say (160 x 1100) m2 = 17.6, say 18 hectares 

See Fig. 1.20 

2. Trying a rectangular plot 

1. crusher ramp to raw mill 400 m 

2. raw mill to coal mill 150 m 

3. cooler to clinker storage and 450 m 

packing plant 

Area say (600 x 320) m2 = 19.2 say 19 hectares. 

See Fig. 1.21 

Choose rectangular plot 

Plot with respect to surrounding area 

An integrated plan showing factory quarries, colony, highway transmission line etc., is drawn. 

See Fig. 1.22 

Location of the plant in the State and districts has been shown in Fig. 1.23 by way of illustration. 
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Straight line layout for a 1000 tpd cement plant - developed from data in Anex 1. 
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Mining area 

r::====1 Cement plant 

Colony 

Feeder road 

Fig. 1.22 Map showing location of the proposed cement plant with respect to surroundings. 
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1 ~ __ ~ ____ ~ ____ ~ ____ ~~~ ____ ~ ____ ~~~ ____ ~ __ ~~ __ ~ __ ~1~ 

78° 

Fig. 1.23 

80° 

Map showing location of the proposed Cement Plant with respect to Mandai, 
District, State and Railways and Highways. 

81° 



CHAPTER 2 

2.1 Departmental Layouts 
Along with the General Plant Layout evolved in the 
manner explained earlier, sectional layouts for various 
Departments would be developed. They would be 
progressively interlinked with one another and with 
storages in between. 

Departmental layouts are dictated by the type of 
major machineries used and by the nature of raw 
materials processed at the beginning and at the end of 
operations carried out in the department. 

Basic principles, in evolving the departmental 
layouts are the same as for the general layout. 
However, more detailed attention is paid in planning 
them to suit the type and size of machinery, to flow of 
materials and to flow of gases. Provision of utilities 
like cooling water, compressed air and supply of electric 
power and lighting are other considerations. 

Departmental layouts show all three views that is 
plan and two elevations. They also show plans of each 
floor of the building. 

2.2 Development of Departmental Layouts 
The Suppliers of the major machinery in respective 
sections normally furnish Departmental Layouts or at 
least preliminary layouts 

Consultants to whom the task of developing the 
layouts has been assigned, develop the final 
Departmental Layouts by incorporating in them data 
and drawings collected from Suppliers of auxiliaries, 
motors and gearboxes and also ductings for process 
and vent gases and chutes for materials. 

Each type of processing machine requires a definite 
orientation with the machine feeding it and the machine 
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to which it discharges. In specific cases it needs gases 
to be brought in from one section and to be sent them 
to other sections. 

Consultants also have a 'data bank' oflayouts from 
several plants designed by them earlier or collected 
from vendors, for different types of machines and these 
can be used as the starting point. 

In any given department, even the smallest, 
machinery would be coming from different sources, 
for example : 

2.2.1 

Core machinery from one source 

Auxiliaries like fans, dust collectors, conveying 
equipment. 

Motors and gear boxes 

It is necessary to obtain pertinent g.a. drawings of these 
machines from respective vendors. Vendors will also 
furnish load data and foundation drawings for 
machinery of their supply. 

Consultants who have been given the responsibility 
of preparing the departmental drawing will coordinate 
obtaining these drawings and details from respective 
vendors. 

2.3 A Departmental Drawing Must Contain 
1. all machinery in outline with overall dimensions 

and their feed and discharge points in plan and 
elevations, 

2. centre lines of machines w.r.t. building in which 
they are housed and also w.r.t. each other both 
in plan and elevations, 
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3. dimensions of buildings showing area of each 
floor, floor heights, total heights, column centers 
and main and auxiliary beams which will take 
load of machines, 

4. initially column and beam dimensions could be 
taken on empirical basis. They will be confIrmed! 
modifIed by the consultant doing Civil design, 

5. stair cases and floor openings, 

6. load data and foundation drawing showing 
spacing of pockets for foundation bolts, 

7. space to be kept clear for maintenance, 

8. location and capacity of lifting tackles, cranes, 
hoists etc., '. 

9. lifts in buildings like preheater tower, silos etc., 

10. chutes and ducts conveying material and gases 
as the system requires in any section. Layouts 
should be so developed that the chutes and ducts 
must be at correct angles and are of right sizes, 

11. later on, separate drawings will have to be 
developed only for Chutes and ducts and their 
supports to take up their fabrication. Such 
drawings will show actual lengths and inclinations 
and not what is shown in.standard drawings, 

12. arrangement of drives of different types like 
direct, v-belt, chain, open gears with centerlines 
with respect to main machine and with 
arrangement for tensioning as required, 

13. location of measuring points for instrumentation 
and process control and control panels to be 
installed and also samplin~lfpints, 

14. if any provision is to be kept to protect machines 
from rain, 

15. separate departmental drawings will be 
developed to show routes of cooling water and 
lubrication pipelines and for compressed air. 

2.4 Preparation of Drawings - Time Factor 
A departmental drawing can seldom be completed in 
one go. It is customary to receive a preliminary drawing. 
Even this drawing will be received only after about 4 
weeks from the Vendor after he receives a technically 
and commercially clear order. 

It is necessary to agree to a time bound programme 
with Vendors for departmental drawings that they have 
tofumish. 

Drawings can be submitted progressively and in 
sequence: 

1. preliminary departmental drawings, 

2. load data and foundation drawings, 

3. chutes and ducts, 

4. details of refractory and insulation. 

2.5 Departmental Drawings 
for Civil Design 

Since departmental drawings are used for taking up 
'civil design' of buildings, it is important that they 
contain all pertinent details about weights and their 
distribution, dimensions of building at various levels, 
floor plans and loads at various levels. Departmental 
drawings passed on to civil designers should not be 
'cluttered' so as to make them confusing. 

Often it is advantageous to show more sectional 
views and enlarged views of parts of elevations and 
plans so that machinery that could not be shown in 
conventional views is seen properly. 

Besides dead loads of machines and loads arising 
out of motion (which would be shown in load data) it 
is assumed that for design purposes, hoppers of bag 
fIlters and esps and cones of cyclones are full. Building 
columns and beams have to be designed to allow for 
this load. 

Floors are designed for distributed load according 
to norms followed in Industry. They take care of 
additions in future and also of occasional loads like 
refractory for laying. 

Site conditions like load bearing capacities of soil, 
wind loads and seismic zone requirements also come 
into play and must be conveyed to Consultants and 
Civil designers. 

2.6 
All departmental layouts should be taken up bearing 
always in mind that they must be functional. Buildings 
and structures must be designed to house the machinery 
for which they are meant and not the other way round. 

2.7 
In subsequent sections various aspects of departmental 
layouts and detailed engineering have been dealt with, 
beginning with Crushing Department. 



2.8 Datum Levels 
It has been mentioned in the Chapter 1 on Ge.neral 
Layouts that all departments need not have same datum 
level. Some times existing contours can be used with 
advantage. Separate drawings for equipment 
interconnecting departments like belt conveyors should 
be prepared. These drawings should show levels in 
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two departments properly in absolute terms if datum 
of two departments are different. 

For example, if departmental drawings are with 
respect to datum level, and there is a difference of say 
1m in datum of the two sections, 00 levels in two will 
differ by 1m. This could be taken care of in designing 
drawings of interconnecting conveyor. 

, 1; (, ; 



CHAPTER 3 

3.1 Layout of Crushing Plants 
In Chapter 2 of Section 2, the basis of selecting 
number of stages of crushing and sizing of Primary 
Crushers have been explained. 

3.2 Ratio of Reduction and 
Number of Stages 

Ratio of reduction in crushing is decided on one hand 
by the size of shovel used in mining operations and on 
the other by the type of mill used for grinding. 

A plant may need 'two stage' crushing if it uses / 
proposes to use ball mills for grinding and has 
mechanized mining. 

It can have a 'single stage' crushing if the plant 
uses, 'vertical roller mills' or 'Horo Mills' or a 
combination of roller press and ball mill or roller press 
only. 

A small plant using manual mining will also have 
single stage crushing. 
See Table 2.1 in Chapter 2 Section 2. 

Reduction ratios of 20 : 1 are within the range of 
hammer crushers and impactors. Thus when a V R 
Mill is used the crushing would be 1 stage and mostly 
hammer or impactor type crushers would be used. 

3.2.1 
Choice between the two would be guided by : 

(i) Abrasiveness of stone - its Silica content. 

(ii) Content of wet / sticky materials like clay in it. 

Hammer Crusher with outlet grates (full or partial) 
would be suitable for dry material. Impactors do not 
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have grate bars and operate in closed circuit to keep 
down oversize when used with ball mills. 

3.2.2 Closed or Open Circuit Crushing 
Thus a decision would also have to be taken as regards 
whether crushing would be open or closed circuit. 

Feed size is critical for ball mills, which prefer fines. 
Hence when ball mills are used, the second stage 
crushing would generally be in closed circuit. 

In impactors, the control on size is by adjusting 
clearance between rotor and impactor / breaker plates. 
If material is abrasive, there can be heavy wear both 
on impact bars and plates resulting in oversize. 
Normally, however used as a single stage crusher, 
impactors would workin open circuit. 

Closed circuiting requires screening of the product 
and returning oversize to the crusher for recrushing. 

3.3 Apron Feeder 
To avoid, 'flushing' of stone or its rolling into the crusher 
mouth, apron conveyors / feeders inclined upwards 
are preferred. They help in avoiding stoppage due to 
overloading of crusher and its getting choked. 

3.3.1 
An apron conveyor also reduces the overall heights in 
the crushing department. 

The level difference between A and B = H is 
considerable. It would be ideal for A to be at 00 or 
ground level. That would however push up B requiring 
a very long ramp and higher abutting walls. 
See Fig. 3.1. 



I 

N 
.s:: 

i rer,praY 

BC2 BC3 

Layouts of Crushing Plants 49 

BC1 - Belt conveyor 
under apron feeder 
for spillage 

BC2 - Short belt under crusher 

BC3 - Main belt to storage 

s\O~7>9Je 
'$..of\e 

e S 
-1\O'\~ 

L-L-________________________________________ ~A 

H = h1+h2 Difference of levels between A & B = H 

Fig. 3.1 Single Stage crushing - Basic layout. 

A compromise is generally made to locate belt Be3 
below ground level in a tunnel. The depth of tunnel 
would be guided by the underground water table. It 
should be restricted to 3 m below ground level. Tunnel 
should be water proofed in any case. 

3.3.2 
Apron Feeder should be long enough to decelerate the 
'>tone. It should be slow moving and totally covered, 
with inspection windows at sides. There should be a 
walkway on both sides (or at least on one side) for 
access along its length. 

The hood at discharge point should have facility 
to connect it to dust collector through a duct. 
See Fig. 3.2. 

Apron feeders should be wide enough - almost -
as wide as the crusher opening so that stone is fed 
across the full width of crusher. Apron feeder would 
have a variable speed drive to regulate feed to crusher. 

3.4 Ramp 
It should be possible to unload into the hopper from all 
3 sides or at least from 2 sides. The ramp should be 
designed to allow for this. This facility would avoid 
'bunching' of dumpers at crusher 

There should be room for reversing and placing 
dumpers for unloading. 
See Fig. 3.3. 

3.4.1 
The space to be provided at the top of the ramp is 
dictated by the radius required by the dumper for 
reversing and for taking a tum. The Manual of dumpers 
should be referred (or this information ascertained from 
Supplier) to plan the ramp. 
See Annexure 3, Chapter 1 in Section 2. 

The space at the top could be reduced if only two 
sides are to be used for unloading. 

3.4.2 
It would be best to provide a ramp with 3 lanes width 
so that dumpers move to and from crusher smoothly 
even if there is breakdown of a dumper on the ramp 
occasionally. 
See Fig. 3.4. 

However this would be rather expensive even for 
large plants. Width of the ramp may be reduced to 
2 lanes with shoulders on either side for dumpers to 
pass one another. Dumper needing attention can be 
stopped at the shoulder leaving road clear for normal 
traffic. 
See Fig. 3.5. 
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(0 4 0) 

Fig. 3.2 Apron feeder for crusher. 

Section "AA" of ramp 

Fig. 3.3 Ramp for crusher. 

1 Crusher hopper 
2 Apron feeder 
3 Spillage hopper 
4 Spillage belt 
5 Hood for vent 
6 Cover over apron feeder 
7 Discharge chute to crusher 
8 Inspection door 
9 Chain pulley block! Crane to lift 

heavy machinery 
10 Chain pulley block to lift boulders 

1 Ramp 
2 Crusher hopper 
3 Dumpers 

Ramp - dimensions to suit movement of largest size dumpers 

r = Radius of turning for dumper 



Stopped 

Fig. 3.4 

Fig. 3.5 

3.4.3 

[]I) 

Ramp of crusher. 
option 1 - Three lane width. 

Ramp of crusher. 
Two lane width with shoulders for 
dumpers to wait. 

The slope of the ramp is important. It should be gentle 

not exceeding 1 in 16 to save fuel. Surface should be 

either asphalted or in concrete. This would save fuel 

consumption in negotiating the climb. 

A generously sized ramp is expensive but it is a 

one time expenditure and it could be justified if it helps 

in uninterrupted feed to crusher. 

3.5 Size and Shape of Hoppers 

Hopper should generally be kept full to avoid large 

rocks hitting the apron feeder direct. If dumper 

capacity is 50 tons, Hopper should always hold 

minimum 50 tons. 
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3.5.1 
Time required for 'a return trip' from quarries and the 
number of dumpers available (or planned) would decide 
the hopper capacity. 

If the receipt from quarries is fairly regular i.e., 
dumpers arrive regularly, then hopper capacity can be 
maintained at 

2 x 50 + 1 x 50 = 150 tons, 

even if crusher capacity were as high as 
600-1000 tph i.e., a capacity of 10-15 minutes only. 

3.5.2 Crusher Hopper Shape 
Slopes of hopper should promote sliding of stone without 
accelerating the stone too much till it reaches the apron 
conveyor. Stone with wet clay mixed with it would 
need steeper slopes. 
See Fig. 3.6. 

Fig. 3.6 

9- <j:: 50 _55 0 

Valley angle <j:: 45 - 500 

Chain block 

Chain curtain 

Slopes of crusher hopper. 
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3.5.3 
Concrete would not stand the impact of falling stones. 
Therefore hoppers would be lined with rails (railways 
rails) - closely placed embedded into the concrete. 
See Fig. 3.7. 

Dust coming along with the run off mine stone 
would fill the crevices and protect concrete surface. 
The vertical wall of the hopper should also be lined 
with steel plates. 
See Fig. 3.8. 

3.5.4 
The kerbs of the hopper should be protected by wooden 

sleepers or tyres (old discards from dumpers) so that 
in the operation of backup, dumpers do not accidentally 
fall into the hoppers nor do they damage the kerbs. 
See Fig. 3.9. 

Fig. 3.7 

Fig. 3.8 

Crusher hopper 

Section "M" 

Rails embedded concrete to take 
impact of stone and wear. 

Wear plates on front wall 

Curtain of link chain or rail pieces to 
decelerate stone. 

Fig. 3.9 

3.5.5 

Carried 

Crusher hopper 
Protection of kerb and prevention of 
accidental falling of dumper in hopper. 

Run off mine stone when dumped into a large hopper 

generates lot of dust. This fugitive dust is difficult to 

catch. It is therefore suppressed by spray of water or 

water and dust depressant chemicals. 

See Fig. 3.1. 

3.5.6 
When feeders are 'reciprocating', stone tends to 

accelerate into crusher mouth. Its acceleration is 

arrested by suspending heavy chain links or rail pieces 

from the vertical wall. 

See Fig. 3.8. 

3.5.7 
There should be facility over the crusher hopper to 

handle / lift boulders out of the hopper. 

See Fig. 3.6. 

3.6 Point of Discharge into Crusher 
The point of discharge of stone into the crusher is 

important in hammer crusher and impactors. To deliver 

maximum impact, the impact bars and hammers should 

hit the falling stone at correct height. 

See Fig. 3.10. 

If this relation is not maintained, impact will be less 

effective therefore the relative locations of discharge 

points of feeder and crusher rotor should be ascertained 

from the Supplier and adhered to in the layout. 
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Fig. 3.10 

1 

---------.... 

1 Apron feeder 2 Crusher rotor 
4 Breaker plate 3 Impact bar/hammer 

Feed into crusher 
Dimensions Hand B important from 
point of view of most effective impact 
and breaking. 

3.7 Handling Facilities for Maintenance 
Large crushers would need facility for handling 
replaceable hammers and impact bars. The crusher 
would therefore need to have an overhead traveling 
crane for handling them and lifting them out of crusher. 
The discharge chute from apron feeder to crusher and 
hood over it should be so designed that access into 
crusher from top is easy and overhead traveling crane 
could be used to handle heavy parts of crusher during 
maintenance. 
See Fig. 3.11. 

When replacing hammers, spacer rings in between 
are to be removed to slide apart the hammer arms / 
rotor discs and take out hammers. 
See Fig. 3.12. 

Shaft is removed from end to end. Space and 
supporting structure needs to be provided for this 
purpose in the layout along with a hydraulic pusher. 

These are repetitive operations and hence should 
be completed in a planned manner with proper tools 
and in the shortest possible time. 

Large crushers come with hydraulic jacks and 
pushers to facilitate maintenance. 
See Fig. 3.13. 

Fig. 3.11 

Fig. 3.12 
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Removable cover for 
crane hook to go in 

1 Travelling crane 
2 Crusher rotor 
3 Apron conveyor 

Crusher-lifting tackles. 

Removal of hammers. 

1 Hammer 
2 Rotor discs 
3 Spacer rings 
4 Shaft 

Shaft removed 

1 
0 5 

A A 
3 

~ __ ===-.... 2 

1 Rotor of crusher 
2 Bearings 
3 Crusher shaft 
4 Hydraulic jack pusher 
5 Table to support shaft 

S Space for shaft to come out 

Fig. 3.13 Removal of shaft. 
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3.7.2 

Very large crushers would have built-in hydraulic jacks 

to swing part of crusher top for access into crusher 

and also for swinging cage bars at the bottom for 

maintenance. 

3.8 Lubrication of Bearings 

Crusher bearings would be either bush bearings or 

roller bearings. There would be a forced lubrication 

system and perhaps also a cooling system for them. It 

should be located at a suitable place in the layout 

preferably in a dust free comer. 

3.9 Discharge from Crusher 

The discharge of crusher should permit free flow of 

crushed stone. Hence the opening should not be 

narrowed down too much for the belt conveyor below it. 

See Fig. 3.14. 

3.10 Belt Conveyors for Crushed Stone 

A short belt conveyor with rubber impact idlers, closely 

spaced, should take the impact of stone falling from 

the crusher. The belt should extend at least a meter 

behind the crusher to prevent spillage from near end. 

It will be longer if it has to receive spillage from the 

apron / reciprocating feeder. 

See Figs. 3.14 and 3.1S. 

Belt under the crusher is frequently damaged by 

sharp edges of the falling stone. It is easier and less 

expensive to replace a short belt. This belt should feed 

a long belt of smaller width that would take it to storage 

of crushed stone. 

All belts must have skirt board rubbers and scrapers 

fitted to prevent spillage. They will be vented. 

See Fig. 3.1S. 

3.10.1 

The long belt would generally be in a tunnel below 

ground level. In most cases, it would be a horizontal 

cum inclined belt. Such a belt is likely to be lifted off 

idlers when empty, due to tension of belt. Hence enough 

headroom should be provided for such an eventuality. 

See Fig. 3.1S. 

3.11 Scrapers 

A well designed scraper, preferably of rotating type, 

will clean the belt and prevent accumulation of dust 

under the belt. It should be possible to adjust it and it 

should always remain in contact with the belt. An ill 

designed or badly maintained scraper will permit build 

up of dust heaps under the belts. As mentioned earlier, 

water is often sprayed in crusher hopper to suppress 

dust. Hence dust could be wet and would tend to stick 

to the belt. In course of time it falls off the belt and 

heaps of dust begin to form which can soon assume 

ugly proportions if not attended to in time. 

Scrapers are a must for all belts but are particularly 

important when material has wet dust which tends to 

stick to the belt. 

See Fig. 3.16. 

3.12 Tensioning Devices 

All belts need a tensioning device to maintain tension 

of belt as belt stretches in running. Simple screws are 

sufficient for short belts. For long belts, a tower for 

tensioning weights needs to be provided generally 

towards discharge end where sufficient heights would 

be available. For a shorter belt a tensioning device of 

similar counter weight type may be fixed at the rear 

end of the belt. 

See Fig. 3.17. 

3.13 

Selection of belts for crushed stone should be done 

carefully taking into account: 

(i) Flushing - though minimal with apron feeder. 

(ii) Moisture. 

(iii) Impact of jagged sharp edged stone. 
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1 Crusher casing 

3 Discharge chute 

5 Short belt under crusher 

Discharge from crusher. 
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o 
5 

VIEW-AA 

2 Rotor 

4 Impact idlers 

6 Skirt board rubber to prevent spillage 

From apron feeder 
From dust collector 

Fig. 3.15 

4 

1 Belt for spillage under Apron feeder 

2 Short belt under crusher 

+ 

3 Long belt conveyor 4 Scrapers 

~ Skirt board rubbers to prevent spillage 

h Clearance above belt in lifted position of belt 

Belt conveyors under crusher. 
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Fig. 3.16 
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. 1 Head pulley 
2 Belt 
3 Round rotating 

brush scraper 
4 Supports 
5 Weight 
6 Discharge hood 
7 Scraped dust 

falls into chute 

a) Round - rotating scraper - nylon brush 
weight keeps scraper in contact with belt 
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1 Head Pulley 
2 Belt 
3 V shaped scraper 
4 Supports 
5 Weight 

b) V - Shaped scraper - kept in touch with belt by springs or weight 

2 

4 
1 

c) Spring loaded scraper brush 

Scrapers for Belt Conveyors. 

1 Head Pulley 
2 Belt 
3 Scraper brush C-frame 
4 Pulley support 
5 Spring 
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1 Tail pulley of belt conveyor 
2 Bearings 
3 Base plate 
4 Tensioning screw 

a) Tensioning device for short belt conveyors 
on tail pulley 

-

b) Medium long belt conveyors 
tension applied on tail pulley by weight 

h - Stretch of belt 

1 Belt 
2 Tensioning pulley 
3 Weight 
4 Trestle to support belt 

c) Tensioning device for long belt conveyors 

Belt conveyors - Tensioning devices. 
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Belt should be slow enough but not too slow as to 

require very wide belts. Number of plies and thickness 

of ducks at top and bottom should be selected with the 

help of Suppliers. 

Belts should have a margin of about 50 % over the 

capacity of the crusher to take care of rush of material 

through the crusher. 

3.14 Bag Filters 
Rotors of hammer crusher and impactor act like fan 

and circulate dust. Bag filters are used to arrest dust 

generated at discharge points of feeder, in crusher and 

as stone falls onto belt conveyors under the crusher. 

Dust collected is fed back to the long belt. 

Bag filter is sized to handle vent volumes of crusher 

and of feeder and belt conveyors. Respective suppliers 

should furnish data on vent volumes. 

See Fig. 3.1 

3.15 Two Stage Crushing 
When two stage crushing is required. First stage would 

generally be a jaw crusher and second stage would be 

a hammer crusher or impactor. 

The two crushers would be arranged in a straight 

line with crushed stone from jaw crusher being 

generally taken straight to secondary crusher without 

an intermediate hopper or feeder. 

See Fig. 3.18 

Jaw crusher have a reduction ratio of 5 : 1 to 6 : 1. 

The jaw crusher would be selected to receive stone 

delivered by the shovels regardless of capacity 

required. 

Thus a 4 m3 shovel, stone would deliver stone of 

size 1200 x 1500 mm and would require jaw crusher 

of size 1650 x 2150 mm. Capacity of a Jaw crusher 

of this size would be far in excess of capacity of 

crusher actually needed for the plant. 15 % stone 

delivered by a jaw crusher is oversized that is larger 

than the closed setting, because of movements of the 

jaw. 

Hence the jaws should be set to have closed side 

setting in such a way that maximum size of crushed 

stone does not exceed the designed size and yet meets 

the desired capacity. 

3.15.1 
The secondary crusher would have to handle stone of 

250 x 300 mm size and crush it down to -20 mm. Its 

capacity should be compatible with the capacity of 

primary Jaw crusher. Reduction ratio would be 

300 / 20 ::: 15 or higher. 

It could be a hammer crusher with full or partial 

grate bars. In which case product size is assured and 

controlled. 

If an impactor is installed or a hammer crusher 

without grate bars, then size of product could become 

bigger with wearing of impact bars and wear plates / 

hammers in spite of regularly adjusting the clearance 

between rotor and impact / breaker plates. 

It may also be the case that raw mill shows potential 

for higher capacity if smaller stone is supplied it. In 

such cases it would be a good idea to run secondary 

crusher in closed circuit. 

See Fig. 3.19 

3.16 Crusher in Closed Circuit 
Scondary crusher would then receive feed at a higher 

rate to include return or circulating load. 

Therefore, when it is intended to run a crusher in 

closed circuit, Suppliers should be consulted as regards 

its capacity for handling circulating loads. 

3.16.1 

Screen in the circuit should also be sized on the basis 

of fresh feed and circulating load and screening 

efficiency. 

The layout should provide for closed circulating. If 

installed at a later date, things can !Je complicated when 

the belt is broken to install the screen. It may not be 

possible to install the screen right under it. 

See Fig. 3.20. 



Fig. 3.18 

Fig. 3.19 

Fig. 3.20 
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1 Hopper 2 Apron feeder 3 Jaw/primary crusher 

4 Belt under crusher 5 Belt to feed secondary crusher 

6 Secondary crusher - Hammer /Impactor 

Two stage crushing basic flow chart. 

1 Belt from primary crusher 

3 Belt from secondary crusher 
5 Belt for coarse return 

7 Belt under crusher to storage 

2 Secondary crusher 

4 Screen 
6 Belt to stock pile 

Two stage crushing with secondary crusher in closed circuit. 

Angle 01 14° to 16°normal 

Angle 92 very steep when belt broken to accommodate screen 

1 Belt from secondary crusher 
2 Screen 
3 Product belt to stock pile 
4 Over size back to crusher 

Difficult to acccommodate screen if angle of belt-1 is normal-14 - 16°. 
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In such a case it would be necessary to install the 
screen at right angles to the belt. 
See Fig. 3.22. 

To install closed circuit, at a later date thus becomes 
a costly proposition and there should be space in the 
layout to install screen at a considerable distance 

3.16.2 
Alternatively, if there is a possibility of closed circuiting 
the secondary crusher, then the storage should be kept 
at a longer distance so that angle of inclination of the 

broken belt 82 still remains within 16 - 18% or so. 
See Fig. 3.21. 

On the whole it would be cheaper to install closed 
circuit secondary crusher at beginning itself. 
See Fig. 3.19. 

3.17 
For secondary crushers, a grill of rails on the hopper 
would prevent oversize stones from primary crusher 
over loading it. However, a grill soon gets blocked and 
needs to be cleaned now and then. 

Fig. 3.21 For closed circuiting of secondary crusher in future 

Fig. 3.22 

Install belt 1 at a small angle. L increases correspondingly 
9

2 
: 14° - 16° of belt 3 after breaking belt. 

secondary 
Crusher 1.---"---3I>----t=;'1 

Screen on side 
Closed circuiting at a later date. 
Closed circuiting of secondary crusher. 

l' 

1 Belt from Crusher Broken in to 1 & 1 

2 Belt to take crusher discharge to screen 

3 Screen 

4 Product belt 

5 Belt for coarse return 



CHAPTER 4 

4.1 Feeders and Conveyors in Crushing 
All feeders are conveyors but all conveyors are not 
feeders. 

Feeders have variable speed drives and have short 
center-to-center lengths. It is possible to regulate rate 
of feed to processing machinery. 

In crushing section, 'feeders' used to feed crusher 
are mostly 'Apron feeders' and sometimes 
Reciprocating feeders. It is possible to regulate feed 
but not precisely in terms of tons per hour because of 
irregular size of stone and its impact on the feeder. 
Thus feeders for crusher cannot be 'weigh feeders'. 

4.1.1 Regulation of Feed 
Feeder is 'electrically coupled' with the crusher i.e., 
as load on the crusher which is a measure of rate of 
feed, increases or decreases, feeder speed is decreased 
or increased to maintain it at a set level and not permit 
its over or under loading. 

Of course, a single large boulder can overload the 
crusher greatly and upset electrical coupling but by 
and large it should be possible to run the crusher at a 
steady level of output when so coupled with the feeder. 

4.1.2 Rugged Construction 
Feeders for Primary crusher need to be very rugged 
and capable of withstanding impacts of boulders falling 
from a height. 

4.1.3 Safety Device for Feeders 
In theory, crusher hopper should not be allowed to get 
empty to avoid direct impact but sometimes they do. 
Feeders should have a safety device to protect the 
drive and also the feeder itself against over loads. It 
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can be in the form of a torque coupling that would slip 
if torque exceeds a set value or a 'sheer pin/s', which 
would break and disconnect feeder from its drive. 

4.2 Apron Feeders 
In Chapter 3, Apron feeders and their incorporation 
in the layout have already been dealt with. 

Apron feeders tend to carry back dust on their 
returning surface. This dust drops off and soon creates 
heaps of spillage. 

Therefore, in a layout, it is necessary to provide for 
a hopper under the feeder and a short belt to collect 
dust and feed it to the main belt as shown. This would 
reduce house keeping considerably. 
See Fig. 3.2 in Chapter 3. 

It needs the short belt under the crusher to be 
extended backwards to receive dust. 

This belt should have proper hood and skirt boards 
to prevent spillage and dedusting and also a scraper as 
explained earlier. 
See Fig. 3.15. 

4.3 Reciprocating Feeders 
Reciprocating feeders would be used for smaller 
outputs and where boulder size is limited; for example, 
when mining is manual, limiting size of feed to 
250/300 mm. 

It is possible (though not in running) to adjust the 
output rate of the reciprocating feeder by adjusting its 
'stroke' i.e., the length of backward and forward 
movements. It is desirable therefore to have a variable 
speed drive. 
See Fig. 4.1. 
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7 
Fines 

-E-
Fig. 4.1 Reciprocating feeder for crusher. 

4.4 Crusher Drives 
Crusher can be either directly coupled to a motor or 
through a V-belt or through a hydraulic coupling. 
See Figs. 4.2 to 4.4. 

A 'hydraulic coupling' would permit speeding up of 
the motor and then transfer load of crusher to it. Large 
crushers would have considerable inertia and would 
have flywheels. Motors should be capable of 
overcoming the inertia when starting crusher from 
rest. 

When there is a V-belt drive, there would be a 
jackshaft. Motor and jackshaft would be mounted on 
a common base frame, which in tum would be fixed 
on slide rails to adjust belt tension. 
See Fig. 4.4. 

4.5 Bag filters 
Earlier 'vents' from crushers were cleaned in cyclone 
collectors. 

Now bag filters are used to clean vent gases in the 
crushing department. Temperature of vent air is ::::; 50 DC 
and dust burden is 60-70 gms / nm3. Therefore bag 
filters with cloth or polyester bags are quite suitable. 
Usually one bag filter vents crusher, feeder and belt 
conveyors. Collected dust is chuted down on to the 
main belt conveyor. 
See Fig. 4.5. 

Grizzly for fines 

2 

1 Crusher 

Fig. 4.2 

1 Reciprocating feeder 
2 Supporting stand 
3 Connecting rods - eccentric 
4 Drive 
5 Hopper 
6 Hopper for fines 
7 Fines conveyor 
8 Chains for arresting stone 

3 

2 Flywheel 3 Motor 

Direct drive. 

1 Crusher 2 Fly wheel 

3 Hydraulic coupling 4 Motor 

Fig. 4.3 Through hydraulic coupling. 
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Fig. 4.5 
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1 Crusher 2 V - pulley cum fly wheel 

5 3 Jack shaft with V - pulley & bearings 

4 Motor 

6 Side rails 

Tensioning bolt 

(These arrangements could apply to other machines also) 

Crusher drives. 

6 

9 

3 

5 

Bag filter in crusher circuit. 

5 Base plate 

1 Apron feeder 
2 Crusher 
3 Belt under crusher 
4 Belt under apron feeder 
5 Main belt 
6 Bag filter 
7 Vent ducts 
8 Fan 
9 Dust return 



CHAPTER 5 

STORAGE OF CRUSHED LIME STONE 
AND STACKER RECLAIMER SYSTEMS 

5.1 Conveying Crushed Lime Stone 
Belt Conveyors are almost exclusively used to convey 
crushed stone to storage. They can be designed for 
high capacity; can be installed at angles up to 18°; 
have low power consumption and maintenance costs 
are low. 

Belt conveyors can discharge at more than one 
point. In lengths they can be as short as 2 metres and 
also several kilometers long. 

When crushing plant is in the plant conveying lengths 
from crusher to stock pile or stacker reclaimer systems 
would be short. Whereas if crushing plant is in 
quarries, the distance could be several kilometers. In 
such a case, mostly 'overland' conveyors would be 
used. 

---- -

When terrain is hilly, a ropeway could be used to 
convey crushed stone. 

5.2 Storages 
Earlier crushed lime stone was stored in central crane 
gantry. 
See Fig. 1.5 (b) in Chapter 1. 

Now in small plants it is stored as triangular stock 
piles inside a shed or in the open, fed from top and 
extracted from the bottom. 
See Fig. 5.l. 

In large plants requiring large quantities to be stored, 
stacker reclaimer systems are installed which besides 
storing also achieve blending during extraction. 
See Figs. 5.2 to 5.4. 

--------~~O~ __ 2 __ ~========~!l 

Fig. 5.1 

L 1\ L 1\ L 1\ L 1 
1\ 1\ 1\ 1 

1 3 \ Sto,9k pile.\ 1 \ 1 

ac=c=c=c=c==/c=Dc==\=\=/c==Dc==\=\=I=/c=Dc==\\c=IIc==Dc==\~=:: ~ __ ~4 d~ 

1 Belt from crusher 
3 Stock pile 
5 Belt for extraction 

D = Dead stock 

Stock pile for a small plant. 

2 Belt with throw off carriage 
4 Feeders 

L ::: Livestock 
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Fig. 5.2 

Fig. 5.3 
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1 Belt from crusher 

3 Stacker boom belt 

5 Stock pile 

7 Reclaimer carriage 

9 Reclaimer belt 

Stacker reclaimer system. 

1 Stacker belt 

3 Reclaimer 
5 6 Stock piles 

1st phase 

/ \ 
61\ 1\ 
\) 8 V 

\ ~ V 7 

- -
2 Stacker Belt 

4 Stacker moving carriage 

6 Rake 

8 Pan conveyor 

2nd phase 

2 Stacker 

4 Reclaimer belt to mill 

All items to have capacity required after expansion 

Lineally arranged stock piles -
extend lengths of stock pile. 

9 



66 Section 6. LAYOUTS AND DETAILED ENGINEERING 

1st phase 2nd phase 
5 

/ ~ I 8 '\ 10 '\ 
\ 

- J \ V" ./ 
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"- 7 '\ V" J 

6 

1 Stacker belt 2 Swing boom stacker 7 

3,4 Reclaimers in two phases 5,6 Reclaimer belts 

7 Belt to raw mills 8,9 Stock piles - phase - 1 

10,11 Stock piles - phase - 2 

Crusher, stacker belt & final belt to mill to have capacity after expansion 

ReclaimerS& their belts have capacites corrsponding to individual units 

Fig. 5.4 Piles arranged side by side 
same crusher - swing boom stacker 
two reclaimers. 

5.3 Belt Conveyors 
In selecting belt conveyors, it would be a good idea to 
opt for deep troughs. Earlier, 20° angle was common. 
Now mostly 30° is selected for angle of trough. 
Narrower belts can be selected for same capacity. 

5.3.1 Running Hours 
It should be worked out at the planning stage, if crusher 
would be run for longer hours after expansion to meet 
the output required or whether a new crusher would 
be added. If the same crusher were to be used by 
running it for longer hours, initial capacity of 
crusher and hence belt conveyor would be higher. 
See Chapters 10 and 11 in Section 1. 

5.3.2 Duplication 
Secondly whether a new stacker reclaimer would be 
added or the same would be used by extending lengths 
of stockpiles. 

In case of stacker reclaimer systems initial capacity 
would be higher if same system were to be used after 
expansion. 

Table 5.1 shows requirements of capacities of 
crusher, belt to storage, and stacker for three 
alternatives for a plant of initial capacity of 3000 tpd 
and 6000 tpd after expansion. 

It would thus be seen that the belt conveyor capacity 
after duplication would be increased 1 Y2 times when 
using same stacker but extending the piles and 2 times 
if crusher and belt conveyor were to be installed for 
final capacity from the beginning. 

5.3.3 Options Available 
There are two alternatives / options available: 

(i) To install belt of 1350 tph to start with at max. 

permissible speed. 

(ii) To install belt of 1000 tph at slow speed and 

speed it up to increase its capacity to 1350 tph. 

If maximum speed at 1350 tph is - 2 m/sec, 
the speed at 1000 tph = 1.5 mlsec. 
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Table 5.1 

1st· Unit· 2nd Unit· 
Final Output -

Item Unit After expansion 3000 tpd 3000 tpd 
6000 tpd 

Design margin 10 %; 

Limestone to be crushed 

1.4 tit clinker 

Working hours Ishift = 6 in first 
two shifts and 5 in 3rd shift 

Working days tweek = 6 

Limestone to be crushed tpd tons 4620 4620 9240 

Limestone required in a week tons 32350 32350 64700 

A) crusher working in 2 shifts 

72 hours I week 

i) Crusher capacity when each tph 450 450 Total capacity 

unit has its own crusher and 900tph 

Stacker reclaimer 

ii) Crusher installed for tph 900 - Total capacity 
expanded 900 tph 
capacity from beginning 

B) Crusher works in 2 shifts 
for 

151 unit and in 3 shifts after 
duplication 

tph 635 - Total capacity 
Crusher installed 

635 tph in 3 shifts 

Belt conveyors 

Belt conveyor from crusher 

To storage 

In case of A i). above (50 % tph 675 675 Individual belts 
margin in Belt from 2 crushers 
over crusher 

capacity 

In case of A ii) above tph 1350 - One belt from one 

crusher 

In case of B above tph 1000 -
Stacker - belts 

Case A i) 675 675 Individual stacker 

Case A ii) 1350 - One stacker 

CaseB 1000 - One stacker running 

longer hours 
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5.3.4 Selecting Belts - Belt Capacities 
It is also possible to select idlers and gantry for wider 

belt but install belting for lower capacity of 1000 tph to 
start with and install wider belting when plant capacity 

is duplicated. 

Capacity tables and charts provided by belt 

manufacturers can be very useful for this purpose and 

should be made use of. 

See Table 5.2. 

Table 5.2 Selection of belt conveyors. 

Carrying material Belt width in mm 

600 750 900 1000 1200 

Belt speed in mlmin 

Coal. crushed stone 150 165 180 210 210 

Ores, crushed stone 120 135 150 180 180 

co Recommendations for belt speeds 

(ii) Capacities for various belt widths and speeds 

Assuming angle of surcharge 20° and angle of 
repose 35° are shown in Table 5.3. 

/l 

Table 5.3 

Conveyor capacity in m3 J hr 
Belt width Belt speed in m I min 

mm 

60 90 120 150 180 
600 108 160 216 270 325 
750 175 250 350 437 525 
900 260 390 520 550 780 
1000 360 540 720 900 1080 
1200 475 710 950 1200 1425 

Above capacities are for a trough angle of 20°. 
To obtain capacities for a trough angle of 30° multiply 

by 1.2 

5.3.5 Drives for Conveyors 
The options are : 

(i) To install a drive of maximum rating from the 

beginning. 

(ii) To install motor of higher ratiilg later when belt 

is speeded up. 

~ 
r.n .I. l .I. .aj 

L 

Fig. 5.5 

L: I + fU. 

h: w/2 x tan e 
Total volume: V = %x w xl x h + 1/3 x 1(/4 x

2
w x hlm 

Weight of material =:1 x V tons 

Triangular stock pile - most common form of storage. 

L : Total length 
t : Length of straight portion 
w: Width 
h: Height 
e : Angle of repose - usually 35° 
:/: Bulk density 
V : Volume of stock pile 
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lOOOtph l350tph 

Belt speed 1.5 m/sec 2.16 m/sec 

Gear box output speed 28 rpm 40.32 rpm 

Motor speed 960 rpm 1440 rpm 

Gear box ratio 35: 7 35: 7 

Gear box power 50kw 75kw 

Same gear box could be used as its rating would go 
up in proportion to ratio of input speeds. 

Inclined Belts 
Long belts leading to storage of crushed stone would 
be inclined wholly or partially. 

5.4 Stacker Reclaimer Systems 
For large plants, the most common systems would be 
to install 'stacker reclaimers'. When using stacker 
reclaimer systems there would be 2 stock piles - one 
being built up and material being withdrawn from the 
other. The piles, would be arranged either side by side 
or end to end in line. Capacities would depend on the 
stocks to be maintained. 

7 days stock (only limestone) = 3000 x 1.1 x 1.4 
x 7 = 32000 tons. If width of pile is 25 metre, its length 
would be ::::: 200 metres. 
See Figs. 5.2 to 5.5. 

5.4.1 Preblending With Stocker 
Reclaimer System 

Stacker-Reclaimer systems are used to 'preblend' 
limestone (also coal) in stock piles. Degree of 
homogenization depends on number of layers in a stock 
piles and also on the way in which pile is built up. Hence 
the system should be selected to achieve desired 
blending. 

Fig. 5.6 shows relation between blending effect 
and number of layers. Figs. 5.7 and 5.8 show some 
of the common ways of building up stockpiles. 

Space would have to be kept in layout for which 
ever way piles would be arranged - side by side or 
end to end for 2 piles. In the layout provision should 
also be kept for expansion choosing from the 
alternatives explained above. 

In the first arrangement, pile lengths have to be 
increased when plant is duplicated requiring very long 

linear belts for stacking and for reclaiming. It would 
need to have stacker belt only on one side. 

See Fig. 5.3. 

In the 2nd arrangement, a twin boom or a swing 

boom stacker would be required; reclaimer, can be 

one or two. If one, a transferring facility needs to be 

provided to shift it from one stock pile to the other. 

Two reclaimer belts would be required to take reclaimed 

material to mills. 

See Fig. 5.4. 

5.4.2 Dimensions of Stock Piles 
In planning the layout therefore approx. dimensions of 

stock piles should be worked out as shown in 

Fig. 5.5. 

Generally speaking, widths would vary between 

20-30 metres; most common being 25 metres. 

Having arrived at the lengths in this fashion, layout 

can be planned, starting from crusher to stacker

reclaimer system. 

5.4.3 Upgrading of Capacities 
The possibility of upgrading capacity of stacker 

reclaimer system economically (from 900-1350 tph as 

in above example) should be looked into before taking 

a decision in their selection and layout can be finalized 

only after that. 

Till then, various options explained above could be 

worked out on drawing board to arrive at requirements 

of space. 

See Figs. 5.3 and 5.4. 

5.5 Limiting Angles of Inclination 
for Belt Conveyors 

Angles of inclination of belt conveyors are governed 

by the nature of material carried and size of maximum 

pieces. 

Generally recommended angles fall within 14-16 

degrees. Steeper slopes reduce belt lengths but can 

cause problem like roll back. Capacity is also to be 

derated. Suppliers' manuals should be used to select 

angle of inclination. 
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Fig. 5.6 

Fig. 5.7 

Fig. 5.8 
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1 - Chevron method 2 - Windrow method 

Various stacking methods for stacker recalimer systems. 

! I I I I I I I I l 

3 - Stacking horizontal layers 4 - Strata stacking 

Various stacking methods for stacker recalimer systems to achieve prebelnding. 
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)1------- -------l( 

3 

5 
t----t- L4 ---....t 

~-----L1-----.~-----;-----

t---------L2---------~ 

1 Initial stock pile L 1 

3 Initial Feeder belt 
5 Initial recovery belt slope -e 1 
7 Raw mill hoppers - 2nd phase 

L3 Distance to raw mill hoppers - 2nd phase 
L4 Horizontel length of recovery belt to raw mill 
92> 91 
92 should still be within 14 - 16° 

2 Extended stock pile L2 

4 Extended feeder belt 
6 Recovery belt after expansion slope-92 
8 Raw mill hoppers - 1 st phase 

Better to provide a horizontal length above hoppers (L4) to facilitate installing 2nd mill 

Fig. 5.9 Stock pile providing room for expansion. 

5.5.1 Splitting of Belt 
As mentioned earlier, if there is a possibility of splitting 
the belt at a later date for close circuiting a crusher, 
then a smaller angle of 12° or so should be used to 
start with so that after spillage, the angle of split belt 
does not exceed 16°. 
See Fig. 3.21 in Chapter 3. 

Even if the secondary crusher is not to be close 
circuited, it would be prudent to provide room for 
expansion of the stockpile and installation of hoppers 
for a second raw mill. This arrangement may be more 
expensive in first costs but would save considerable 
time and money later when expansion materializes. 
See Fig. 5.9. 

Rated capacity of belts decreases with increasing 
inclination. Due cognizance should be taken of this in 
sizing the belts. 

The guiding principle for all material handling 
equipment would be that it should never be a bottleneck 
at any time. 

5.6 Layout of Limestone 
Storage in Small Plants 

In small plants crushed limestone will be stored in 
triangular stock piles. Belt conveyor from crusher will 
feed the pile from the top. This belt could be split into 
two; inclined belt corning up to stock pile and a separate 
horizontal belt with throw off carriage over the stock 
pile. 

Throw off carriage will help building up of the pile 
evenly along its length. It will be motorized. Stone will 
be extracted from the bottom. There will be a number 
of openings with rod gates and feeders and a belt 
conveyor in a central longitudinal tunnel for this purpose. 
See Fig. 5.1. 

5.6.1 Effective Capacity 
In this system effective capacity is about 50 % of total 
capacity of the pile because of the dead stock. 
Effective capacity can be increased by increasing 
number of outlets. Often bulldozers are used to push 
materials over feeding points. 
See Fig. 5.1. 
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Plant capacity of stock pile no of days' length of pile 
capacity tons 

tpd 
1 st phase 500 5400 

2nd phase 1250 9600 

5.6.2 Increasing Capacity 
Storage capacity is increased by extending the length 
of pile and by extending belt conveyors. 

Thus additional:::: 30 metres length should be 
provided in the layout for expansion. To that extent 
raw mill department would be shifted further. 

An additional horizontal length of belt feeding raw 
mill hoppers should also be provided so that a second 
raw mill could be installed. 
See Fig. 5.9. 

5.7 Layout and Capital Costs 
It is necessary to keep these things in mind when 
planning a layout. 

If the belt layouts are planned in this fashion, capital 
costs no doubt would be higher to start with but no 
modifications are needed to the system at a later date 
if belts are selected for the final capacity of the plant. 

Plant Authorities- Buyers should obtain pertinent 
catalogues of machinery - crushers, feeders, stacker 
reclaimer systems and belt conveyors from vendors 
and use them for developing the layout. 

It is best to ask Vendors to develop departmental 
layouts in consultation with Buyers and their 

stock metres 

7 37-40 

5 66 

Consultants and submit them for approval. Either 
Buyer or his Consultant will incorporate them in the 
General Plant Layout. 

5.8 Storage and Extraction of 
Correcting Materials 

Correcting materials clay and iron ore are required in 
small quantities as compared to limestone. When 
stacker reclaimer systems are used for limestone, 
correcting materials would be received and stored 
separately in covered sheds. More often they would 
be brought in truck loads but sometimes would be 
brought in wagons. 

5.8.1 Over head Crane 
An over head grab bucket crane could be used to feed 
hopper in the gantry to take clay and iron ore to hoppers 
before raw mill. Alternatively a payloader could be 
used to feed materials to hopper. 
See Fig. 5.10. 

5.8.2 Extraction from Bottom 
Another option would be to store them in a covered 
shed same way as lime stone storages of a small plant. 
See Fig. 5.11. 
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Fig. 5.11 
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2 

3 

6 

1 Covered shed 2 Overhead traveling grab bucket crane 
3 Ramp along to unload trucks 4 Self tipping truck 
5 Hopper 6 Reciprocating feeder 
7 Belt conveyor to raw mill hoppers 

Receipt, storage & extraction of correcting materials. 

5 

4 

• 
1 Tipping truck or truck unloader 

3 Feeder 

5 Throw off carriage 

7 Feeders for extraction 

Receipt, storage & extraction of correcting materials. 

6 

2 Hopper at ground level 

4 Belt conveyor 

6 Covered shed 
8 Belt conveyer to mill hopper 



CHAPTER 6 

LAYOUTS OF RAW MILLS AND SEPARATORS 

6.1 Mills and Separators for 
Grinding Raw Materials 

Mills and Separators work together as a Team. In 
vertical mills they are actually part of the mill. Hence 
it would be best to treat them together. First the mills. 

6.2 Raw Mills 
Two major options for raw mills would be : 

1. Vertical roller mills (or ring ball mills) that take a 
feed size of -75/100 mm. 

2. Ball Mills. 

6.2.1 Raw Material Grinding Systems in 
Dry Process Plants 

(i) All grinding systems for raw materials work in 
'closed circuit' . 

(ii) They are required to 'dry' raw materials and 
correcting materials while grinding. 

(iii) Should 'proportion' limestone and correcting 
materials so that raw meal ground in them is as 
close to desired raw mix composition as possible. 

There are a great many options available in each 
of these types of mills. Hence a decision on selection 
of the mill should be taken before developing layouts. 

6.3 Options for Ball Mills 

1. Air swept mills with grit separators - for small 
plants- now used more or less for grinding coal 
only. 

2. Bucket elevator mills - for plants of medium 
size 1000-2000 tpd capacity with either 
conventional or high efficiency separators. 
See Figs. 6.1 to 6.3. 
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Ball mills prefer fine feed; feed size between 12 
and 20 mm will be common (further options are drying 
can be either in mill or in separator) 

3. Horo mills - which is a hybrid of a 'roller' 
grinding in a ball mill. It can take large feed size 
like a vertical mill and has the simplicity of a ball 
mill. 
See Figs. 6.4 and 6.5. 

4. Ball mills working with roller presses in a variety 
of ways. 
See Figs. 6.6 and 6.7. 

Horo mill and Roller press can take a feed size of 
~ -75 mms like vertical mills. 

6.4 Options for Vertical Mills 
All vertical mills have built in separators. Separators 
can be static or rotary. 

1. Ring Ball Mills - E mills - for small plants for 
capacities of 50-70 tph. These mills have a static 
separator 

2. Roller Mills 

(i) Conventional separator - rotating or static 
separator. 

(ii) External circuit mills with conventional 
separators / high efficiency separators. 

(iii) Existing Mills retrofitted to house high 
efficiency separator and also converted to 
external circuit. 
See Figs. 6.9 and 6.10 

Vertical mills systems take smaller floor space 
compared to ball mills of comparable capacities 
because: 

(a) Gear box is under the mill. 

(b) Separator is built into the mill. 
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Fig. 6.1 

o 

Fig. 6.2 

() 

Fig. 6.3 

-- P 

7 

F - Fresh feed C - Course returns P - Product 

Air swept mill & grit separator drying in mill. 

() -7C 
\~F~======t=fFl 

2 5 P 

-Hot gas 

Bucket elevator mill with mech. separator drying in mill. 

() -7C 
\~F~=====~H=::n 

2 

- 5 
Hot gas 

Bucket elevator mill with high efficiency separator - drying in mill. 
Ball mills grinding systems in closed circuit 

1 Feeder belt 
2 Pendulum flap valve 
3 Ball mill 
4 Grit separator 
5 Coarse return screw 
6 Cyclones 
7 Mill fan 
8 Hot gas entry 

1 Feeder belt 
2 Pendulum flap valve 
3 Ball mill 
4Air slide 
5 Elevator 
6 Mech.separator 
7 Air slide coarse-return 
8 Hot gas entry 

9 Bag filter 
10 Bag filter fan 

6 High efficiency separator 

9 Dust collector (product) 
10 Bag filter fan 
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Fig. 6.4 

Fig. 6.5 

Fig. 6.6 

1 

---
9 

Hot gas 

3 

Grinding circuit of Horo mill. 

6 

3 

Horo mill - sectional view. 

Roller press as pregrinder. 

4 

F = Feed 

1 Feed 

Feed hopper 

2 Weigh feeder 

3 Horo mill 

4 Elevator 

5 Separator 

6 Bag filter 

7 Fan 

8 Screw conveyor 
9 Hot gas for drying 

2 Dedusting out let 

3 Horo mill 

4 Material outlet 

5 Grinding roller 

6 Grinding track 

7 Hydraulic pressure cylinders 
Hot gas inlet 

8 Bearings 

1 Hoppers 

2 Roller press 

3 Ball mill 

4 Elevator 

5 Grit separator 

6 High efficiency separator 

7 Dust collector 
8 Fan 
9 Hot gas inlet 

C = Coarse return P = Product 



1 

4 

9 

Fig. 6.7 Roller press in hybrid grinding circuit. 

9 
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P- Product 

7 

P 

1 Hoppers 

2 Roller press 

38all mill 

4 Elevator 

5 Grit separator 

6 High efficiency separator 

7 Dust collector 

8 Fan 

9 Hot gas inlet 

1 Hoppers 
2 Roller press 
3 Disagglometer 
4 Elevator 
5 Grit separator 

6 High efficiency separator 

7 Dust collector 
8 Fan 
9 Hot gas inlet 

Fig. 6.8 Roller press & disagglometer in finish grinding circuit. 

6.5 Roller Press and Ball Mill 
Because of reduction in grindability index and 
generation of fines during passage of materials 
between the rollers, ball mill following it has to do much 
less work and has to grind a softer material and is 
therefore much smaller in power and size for a given 
capacity than when used singly. 

There are a great many ways in which a roller press 
and a ball mill and a separator can work together. 
See Figs. 6.6 and 6.7. 

Ultimately ball mill can be eliminated altogether. A 
disagglomerator is used to break cake. 
See Fig. 6. 8. 

6.6 Mill Hoppers 
Raw mix consists oflimestone and additives in various 
proportions. 

Limestones could be in two grades - high,and low -
which could be blended to conserve high grade. 

Depending upon the differences in carbonate 
contents, they could be used in proportions of 50 : 50 
to 80 : 20. 
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Fig 6.9 

6 
Hot gases -. 

from preheater 

Flow chart of vertical roller mill. 

10 

3 
x 

Extemal circuit 

9 

7 

Product 

10 

1 Feeder belt 

3 Magnetic separator 

5 Vertical roller mill 
7 Mill motor 
9 Cyclones 

11 Bag filter 

Product 

1 Feeder belt 
3 Magnetic separator 
5 Vertical roller mill 
7 Mill motor 

2 Metal detector 

4 Pendulum flap valve 

6 Hot gas entry 
8 Separator 

10 Mill fan 
12 Fan after bag filter 

2 Metal detector 
4,11 Pendulum flap valve 

6 Hot gas entry 

8 High efficiency separator 
9 Conveyor system under miH 

to collect coarse product 
10 Bucket elevator 
12 Bag filter 13 Mill fan 

7 

Fig. 6.10 Flow chart of vertical roller mill with external circuit. 

Correcting materials are generally clay, sand and 
bauxite to correct silica and alumina; and iron ore / 
laterite, murram, etc., to correct iron oxide. 

Richer limestones would require correcting 
materials in higher percentages (%). 

Commonly found proportions would be: 

Limestone Clay Iron Ore 

80 18 2 

85 12 3 

90 9 1 



6.6.1 Differences in Capacities 
There is thus a large difference in quantities between 
limestones and correcting materials requiring hoppers 
of different sizes and capacities. 

Limestone hoppers would be designed to hold up 
to 8 hours of feed. The capacity could be reduced to 
2-4 hours if a reclaimer system can feed hoppers round 
the clock. 

For a 3000 tpd plant, capacity of the raw mill, 
allowing for: 

design margin 10% 

conversion ratio 1.5 

running hours /day - 20 

raw mill capacity in tph = 247.5:::= 250 tph 

Therefore capacities of hoppers would be as shown 
in Table 6.1 : 

Table 6.1 Capacities of hoppers in Tons. 

Proportions 4 hours 8 hours 

Limestone/clay/ limestone/clayl limestone/clay/ 
iron ore iron ore iron ore 

90/9/1 900190/10 1800/180/20 

85/13/2 850/130120 1700/260/40 

6.6.2 Hoppers for Clay and Iron Ore 
Thus hoppers for clay and iron ore would be too small 
in size compared with limestone. From practical 
considerations, hoppers for clay and iron ore would be 
designed for 24 hours requirements; sometimes even 
more. Even then capacities would be small compared 
to lime stone as the Table 6.2 will show. 

Table 6.2 Capacity of hoppers in tons. 

Proportions Limestone Clay Jiron ore 

4 hours I 8 hours 24 hours 
tons 

90/9/1 900 I 1800 540 60 
85/13/2 850 I 1700 780 120 

Problem in having larger storages in clay and iron 
ore is that both contain high moisture and are not free 
flowing. It is therefore best to have smaller, storages 
for these two materials from point of ease in breaking 
arches, cleaning dead stock etc. It is much simpler to 
empty small hoppers. 
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6.6.3 Shape of Hoppers 
Construction wise, hoppers can be rectangular / square 
with pyramid shaped lower portions; or these could be 
circular in shape with cylindrical height and cone 
bottom. 
See Figs. 6.11 to 6.13. 

The tops of all hoppers are in one level to facilitate 
installing a belt to feed them. 

Because of large differences in capacity, discharge 
points would be at different levels as shown. 
See Fig. 6.11. 

This arrangement is not so practical, from the point 
of installing belt feeders or table feeders as platforms 
needed to have access to them would have to be at 
different levels. Ideal situation is to have bottoms also 
at the same level. 
See Figs. 6.12 and 6.13. 

This is achieved by arranging hoppers in the fashion 
shown. Care needs to be taken to see that slopes of 
side and valley angles are steep enough for smooth 
flow of wet materials. Wetter the material, steeper 
the slope. 
See Fig. 6.12. 

For clay and iron ore, valley angles shall not be less 
than 60°-70°. A valley angle is the slope of the line 
where two sloping planes meet, it is shallower than 
the angles of surfaces. 

A round cylindrical hopper with a cone is preferred 
because there are no valley angles or corners where 
material can accumulate and prevent smooth flow. 
See Fig. 6.13. 

6.6.4 Orientation of Hoppers 
Orientation of hoppers with respect to feeding belt and 
mill is also important. 

If one and the same belt feeds limestone and 
correcting materials to the hoppers, it is necessary that 
these are in line. 
See Figs. 6.11 and 6.14. 

With this arrangement, weigh feeders at the bottom 
would be arranged as shown. 
See Fig. 6.15. 

When a second mill is added a second set of hoppers 
will be installed by the side. 
See Fig. 6.16. 
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Fig. 6.11 

Fig. 6.14 

1 Belt with throw off carriage 
2 Lime stone hopper 
3 Clay hopper 
4 Iron ore hopper 

5,6,7 Belt feeders 
8 Belt to mill 

Considerable difference in heights 
h1, h2 & h3 above recovery belt 

Top at same level - bottoms at diferent 

Fig. 6.12 

Fig. 6.13 

Throw off carriage to feed all hoppers 

or 

J. 

Movable short belt at top to feed correcting materials. 

Both top & bottom at same levels. 

Outlets of hoppers 
on mass flow principle 

Cylindrical hoppers with cone bottoms. 



1 2 3 

.. 6ftti. 
H H 

,...--h 

1,2,3 Hoppers 
4,5,6 Belt feeders 

7 Belt to raw mill 

H - High level indicator 
L - Low level indicator 

7 

Fig. 6.15 Feeding arrangement of hoppers 
and raw mill. 

Second set of hoppers can be fed either from a 
common incoming belt or by an independent belt system 
for the second unit. 
See Figs. 6.16 and 6.17. 

6.6.5 Separate Building for Hoppers 
Because of large capacity of mills 250 to 400 tph, 

hoppers and proportioning stations are now separate 
from the mill building itself. 

A belt of horizontal and inclined carries proportioned 

raw mix to the mills. 
See Fig. 6.15. 

6.6.6 Conveyors for Correcting Materials 
If correcting materials are brought by a separate system 

of belt conveyors, because they are stored at a 
different place, then the layout must allow for one more 
set of belt conveyors on the hoppers except that the 
movable / reversible belt for filling correcting materials 

could be eliminated. 
See Figs. 6.18 to 6.20. 

6.6.7 Hopper - Construction 
All hopper tops must have hand railings through out. 

Hoppers should be covered either by a concrete slab 
or steel plates. There would be a common dust collector 
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Fig. 6.16 

~ 
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4 

t 2nd set hopper 
2nd mill 

3 

0 ....... 2 D 
1 st set hopper 
1st mill 

TA 
B 

I-

2 

VIEW- AA 

1 

6 

r-~ __ L-__ -r ____ -=~~4 

1 st set hopper 2nd set hopper 

VIEW-BB 

1 Belt from reclaimer 
2 Belt to feed hoppers - 1 st mill 
3 Cross belt to second set hoppers 
4 Belt to feed hoppers - 2nd mill 

5,6 Y - pieces for diverting flow 

H - Height to suit accommodating 
Y pieces at 2 levels 

Common feeder belt for two mills. 
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to vent the hoppers. It is done by interconnecting 

ducting between hoppers. The dust collector will also 

vent discharge hoods of belt conveyors. 
See Figs. 6.21 and 6.22. 
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-3 
II C :!::!/!4 

D 
0:----------

5 

-1 
0:----------

lJ CI 
-2 

D 

Tomill-1_6 

Tomill-2_7 

1,3 Feeder Belt 

2,4 Movable belts 

5 Reversible belt for 
interchangeability 

6,7 Belts to mill 

Belts 1 & 3 bring lime stone & correcting materials 

Fig. 6.17 Totally independent belt systems for two mills. 

1 Feeder belt lime stone 
2 Feeder belt correcting materials 

3.4 Cross belt to 2nd set hoppers 
5 Y Piece for diverting routes 

6 three way Y Piece for diverting routes 

7 two way Y piece 

Fig. 6.18 

Fig. 6.19 

2nd set of 
hoppers 

1st set of 
hoppers 

Fig. 6.20 

3,4 Reversible belts 

5,6 Ypieces 

There should be provision on hoppers for level 
indicators, both high and low level. 
See Figs. 6.15 and 6.22. 

They should be fitted with rungs on inside walls for 
going in for cleaning etc. 
See Fig. 6.23. 

Sloping sides of pyramids or cones for correcting 
materials could be lined with stainless steel plates or 
special plastic, which will permit smooth flow. 
See Fig. 6.24. 

6.7 Hopper Outlets 
Openings at the bottom would be rectangular to 
facilitate discharge on belt feeders.(for large capacities, 



Fan 

Fig. 6.21 

1 Bag filter 
2 Fan 

4 

3 Vent from hopper 
4 Vents inter connecting 

hoppers 
5 Hand railing 

around hoppers 

Venting of hoppers. 

5 4 

2 . 3 

6 

1 

2 Top slab 

5 

1 Hopper/silos 

3 Kerb 4 Stands for hand railing 

5 Hand railing 6 High level indicator 

7 Low level indicator 

Fig. 6.22 

table feeders are unlikely to be considered). They also 
promote mass flow. 
See Figs. 6.13 and 6.24. 

For small plants, where table feeders are used, the 
openings could be circular with telescopic chutes. 

6.7.1 Gates / Dampers 
Dampers / gates are inserted for regulating and cutting 

off feed. 
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Safety belt is a must 

Fig. 6.23 

Rungs fixed for 
holding & climbing 

Rungs in hoppers & silos for entering 
them. 

o 
Rod gate under hopper Shape of opening 

for mass flow 

1 Hopper 2 Steel/plastic lining 

Hopper walls will be fitted with 
special plastiC lining to help flow, 
alternately with stainless steel plates 
for wet materials 

Fig. 6.24 Rod gate under hopper. 

3 Rod gate 

Sliding plate dampers are not suitable for granular 
materials. Mostly, therefore 'rod gates' are used to 
cut off the hopper or to regulate flow on to feeders. 
See Fig. 6.24. 

The extent to which rods are pulled out, increases 
flow on to the belt. 

The belt feeder should not be starved of materials 
due to rod gate. 
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6.7.2 Cleaning or Poking of Hoppers 
Inspite of all the precautions taken, arching would 
sometimes take place and it becomes necessary to 
break it. Poking holes are therefore provided. However, 
care should be taken to see that workers engaged in 
this work do not stand under the hole / openings; a 
sudden release of arch would result in a rush of material 
that could injure workers. 
See Fig. 6.25. 

Dimensions of openings should match the width of 
the belt feeder fitted under the hopper. 

6.7.3 Devices for Extraction of Wet Materials 
For wet granulated materials which do not flow easily, 
hopper outlet is split so that arches formed are broken. 
At times a large diamond shaped pendulum is 
suspended which breaks arches as it moves. 
See Fig. 6.26. 

r-----t--+---1---, Rod gate 

Weigh Feeder 

Fig. 6.25 Safe arrangement of facility for pocking 
in a hopper. 

For wet pulverized coal and synthetic gypsum, a 
stirrer is installed at the outlet, keeping walls at outlet 
vertical. Stirrer prevents formation of arches by 
keeping material in motion. 
See Fig. 6.27. 

6.S Metal Detector and 
Magnetic Separator 

An important aspect of layout is to install a metal 
detector and a magnetic separator on belts feeding 
the mill. 

Main ~opper 
I 

1 Hopper 

2 Flexible connection 

3 Floating section 

4 Feeder 

Flexible section 
'II .. 

3 

4 
Feeder 

Flexible section prevents setting of wet materials 

Suspended Diamond 
shaped pendulum 

Suspended pendulum prevents arching 

Fig. 6.26 Arrangements for wet materials. 

These are particularly necessary for roller mills and 
roller presses to protect them from damage. 

Metal detectors detect non magnetic metal pieces 
and drop a bag of sand and stop the belt. It should be 

Fig. 6.27 Stirrer at bottom to keep pulverised 
material agitated. 



so located that, the metal piece detected would still be 

on the belt. Magnetic separator is a magnet which 
attracts to it any iron pieces in the feed to mills. 
See Fig. 6.28. 

6.9 
The layout of the mill itself with all its auxiliaries should 
be best obtained from the Suppliers of the mill. 

It is possible that fans and dust collectors would be 
obtained from other suppliers. The Consultant preparing 
overall layouts should obtain drawings there of either 
through the Buyer or directly from Vendors. 

6.10 Feeders and Weigh Feeders 
Weigh Feeders and belt feeders are now commonly 
used to weigh and fe.ed lime stones and correcting 
materials in desired proportions. 

When 'continuous blending' system is used, the 
'X-ray analyzer' installed, continuously monitors the 
proportions between the weigh feeders so that the raw 
meal ground in the mill always is close to the desired 
composition of raw mix. 
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Weigh feeders come with facility for 'calibrating' 
i.e., the weigh feeders are loaded with chains or similar 
'standard' loads and rates indicated are compared and 
corrected. 
See Figs. 6.15 and 6.25. 

However the layout should also provide facility for 
'drop tests'. In a drop test, the discharge of feeder is 
collected in a receptacle for a given time and rate in 
tph is actually established and compared with that 
indicated on meters. 

When only belt feeders are used, i.e., feeders with 
variable speed drives but without load cells, carrying 
out drop tests is essential. 
See Fig. 6.29. 

6.11 Drying 
All raw mills systems (and also coal mills) carry out 
drying while grinding. The drying may be done either 
in 'mills' or in separators. 

In ball mills, with bucket elevators drying was done 
in separators in systems designed in 1960s and 70s. 

Of late it is more common to do drying in the mills. 

Mills therefore have a 'drying' chamber for this 
purpose. 

1 Feed belt 

2 Metal detector 

3 Magnetic separator 

4 Metal detector for non 
magnetic material 

5 Removal of tramp iron 

6 Belt to crusher/mill 

Fig. 6.28 Metal detector & magnetic separator to remove magnetic & non magnetic material from feed. 
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8 

R 10 

11 
o 0 

Fig. 6.29 Arrangement for drop tests. 

Drying chamber is omitted if the requirements of 
drying are not severe i.e., the amount of moisture to 
be driven out does not exceed 5-6% even in wet 
seasons. The full length of the mill is then used for 
grinding. 

In 'air swept' mills drying is done in mills only. This 
is true for both ball mills and vertical mills. 

In bucket elevator mills with 'high efficiency' 
separators drying is done in mills as separator draws 
gases from mill and also from auxiliaries at low 
temperatures. 

6.11.1 Requirement of Drying 
In India, in most parts of the country, moisture in raw 
materials is high during 'wet' months or in rainy season 
only. 

Exceptions are those parts of the country that get 
rains from both northeast and southwest monsoons. 

In areas where limestones are close to sea shores, 
moisture in them will exceed 2 - 3% even in dry season. 

1,2,3 Hoppers 
4,5,6 Belt feeders 

7 Belt to raw mill 
8 Belt for drop test 
9 Bin on load cells 

for receiving material 
10 Gate 

7 11 Trucks for removing material 

Clay and Iron ore contribute more to moisture to 
be evaporated than limestone in spite of the differences 
in their quantities in raw mix; 

Proportions 

Moisture % 

Limestone 

90 

2 

Total moisture to be dried 

Clay 

9 

10 

= (90 x 2 + 9 x 10 + 1 xiS) / 100 
= 2.85% 

Iron ore 

1 

15 

In general, capacity to dry 5-6% moisture is 
adequate in raw material grinding systems in most parts 
of the country and in most parts of the year. 

6.11.2 Separate Dryers 
Some plants that use sea shells / chalk or limestones 
close to sea shores install dryers for drying limestone 
before it is fed to the mill but such installations are 
exceptional. 



Vertical mills which have more or less replaced ball 
mills for limestone and coal, have greater capacity to 
dry hence separate dryers would be seldom required 
in their case. 

6.12 Hot Gases for Drying 
Exhaust gases from preheater are used for drying both 
in raw mill and coal mill. 
See Figs. 6.30, 6.31 and 6.32. 

Heat available from exhaust gases from preheater 
has reduced on account of : 

1. Lower fuel consumption (smaller nm3/Kg.). 

2. Lower temperature (more number of stages 
5 - 6 ). 

2 

Fig. 6.30 

1 
00000000 

Gas ducting at ball mill inlet and outlet. 
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6.12.1 Heat in Gases Used For Drying 
Earlier with a 4 stage preheater and specific fuel 
consumption of 900 kcal/kg, 
heat content (exhaust temperature - 340 DC and 
specific gas volume = 1.85 nrn3/Kg) of exhaust gas 
was ::::: 

(340 - 35) x 0.32 x 1.85 = 180 Kcal/kg clinker. 

Now with 6 stage preheater 

Exhaust temperature 

Specific fuel consumption 

- 280 DC 

- 750 Kcal/kg 

Specific gas volume 1.6 nm3/kg 

Heat available in exhaust gas is only 125 kcal/kg 
clinker. 

This heat is used for drying raw materials and coal. 

1 Ball mill 

2 Hot gas duct inlet 

3 Cold gas duct outlet 

4 Feed 

5 Drying chamber in mill 

Direct operation 1 P.H fan 
2GCT 
3 Raw mill 
4 Cyclones 

5 Mill fan 
8 6 ESP 

7 ESP fan 

8 Chimney 
L ___________ ...J P - Product 

Re-circulation 

Fig. 6.31 Ducting in kiln & raw mill circuit GeT & ESP. 
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Direct operation 
1 P.H fan 

2 Diluting air fan 

3 Raw mill 

8 

Re-circulation 

4 Cyclones 

5 Mill fan 

6 Bag filter 

7 Bag filter fan 

8 Chimney 

9 Recirculation of gases 

P-Product 

Fig. 6.32 Ducting in kiln and raw mill circuit with bag filter. 

6.12.2 Heat Required for Drying 
Heat required to dry raw materials with 5% moisture 
is ~ 1500 Kcal/kg and for coal with 10 % moisture it is 
~ 1300 kcal/kg of water evaporated. 

In terms of raw meal and coal ground it would be 
63.16 Kcal/Kg raw meal (dried to 1 % moisture) 

115.6 Kcal/kg coal ground (dried to 2 % moisture) 

And in terms of kcal/kg clinker they would be 

63.16 x 1.5 = 95 kcal and 115.6 x 0.19 = 22 kcal 
respectively 

(raw meal to clinker = 1.5 : 1 and coal consumption 
19%) adding up to 117 kcal/kg clinker 

Heat available = 125 Kcal/kg clinker in exhaust 
gases. 

Thus in principle all heat available in kiln exhaust 
gases would be used up in drying raw materials and 

coal. 

The quantity of gases to be brought in for drying 
depend on the size of the plant. 

For a plant of 3000 tpd capacity, 

Clinker per hour = 125 tph = 12500 KgJhr 

:. gas available at 1.6 nm3lhr = 2,00,000 nm3Jhr 

Volume at 280°C temperature = 4,05,150 m3lhr 

= 112.5 m3/Sec 

Since this gas will be dust laden, it should have a 
velocity 18-20 mlsec in ducts. Therefore size of duct 
will be 2.6 m dia. 

6.13 Layout of Ducting 
It would thus be seen that ducting in raw mill system is 
very large in size and hence, 

1. Should be properly supported. 

2. In hot ducting, expansion joints must be 
provided. 

3. Since it contains dust, slopes of ducts should be 
adequate - minimum 50° to horizontal. 

4. Horizontal lengths should be avoided. 

See Figs. 6.31 and 6.32. See also Chapter 
43 on ductings. 

In a ball mill, there would be one inlet. In a vertical 
roller mill, the ducting is normally split into two at entry 
of mill so that gases are evenly spread under the table. 
See Figs. 6.30 and 6.33. 

Where horizontal lengths cannot be avoided, 
arrangement should be made to collect settled dust in 
a screw conveyor with air locks under the horizontal 
length. 
See Fig. 6.34. 
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1 Vertical mill 

2 Hot gas ducting at inlet 

3 Gas ducting at outlet 

Fig. 6.33 Hot gas ducting at vertical mill inlet and outlet. (avoid horizontal length) 

1 Hot gas ducting at inlet 

2 Screw/chain conveyor 

3 Pendulum flap/rotary air lock 

Fig. 6.34 Arrangement to collect dust setted in horizontal length of ducting. 

Since preheater fans would be installed on ground 
floor, the ducting has to take a devious route to inlet of 
mill as shown. 
See Figs. 6.31, 6.32 and 6.35. 

6.14 Dust Collectors for Venting 
When the mill is not running that is in direct operation, 
the gases would be taken directly to the dust collector 
either an ESP or a bag filter. 

When ESP, a conditioning tower would be added in 
the circuit as shown. c.T. will cool gases from kiln at 
temperatures between 340 and 280°C to 140 0c. 
See Figs. 6.31 and 6.35. 

In case of a bag filter temperature of gases is 
brought down by diluting Gases with ambient air. Glass 
bags can stand temperatures of 240°C hence diluting 
air will be very small. But when bags are polyester, 

they withstand temperatures of ~ 120°C only and 
hence require large quantities of diluting air. Volume 
of gases to be handled by the bag filter increases 
substantially almost doubles. 
See Fig. 6.32. 

Even on 'cold' side ducting is very large. Further 
all this ducting needs to be insulated and lagged on hot 
side to preserve temperature. 

6.15 Dust Collector in Circuit for Product 
There are two schools in the design of the raw mill 
systems. 

1. One system prefers to install a set of cyclones 
and collect ~ 90% of mill product before passing 
gases into dust collectors. 

This introduces one more fan in the system and 
an additional pressure drop of 100-120 mm. 
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2. The other school, prefers to take entire volume 
of gases straight to the dust collector whether 
esp or bag filter. In this case a precollector is 
mtroduced before the dust collector. But the loss 
in precollector is much less than in cyclones. 
See Figs. 6.31 and 6.35. 

6.16 
The whole system of handling preheater gases to the 
point of cleaning them includes three departments. 

1. Raw Mill. 
2. Coal Mill. 
3. Dust Collector. 

There are three operating conditions 

(i) Kiln running 
(ii) Kiln running 

(iii) Kiln not running 

- Mills not running. 
- One Mill running 
- Two Mills running 
- Mills running. 

The third condition arises during start up after long 
stoppages. To cope with this condition hot gas 
generators oil I coal fired are provided to supply hot 
gases to raw mill and coal mill till the kiln gets going 
and hot preheater gases are available. 

The plant layout must therefore include hot gas 
generators also. The ducting must also be laid out to 
accommodate ducting from them. 

6.17 Balancing of System Under 

Different Conditions 
The system should be balanced in that oversizing or 
undersizing of units with respect to one another should 
be avoided. 

Let plant capacity be 3000tpd 

With design margin of 10% = 3300tpd 

Coal consumption = 18% 

Coal mill capacity = 30tph 

Raw meal = 1.5 Kglkg clinker 

Raw mill capacity = 250tph 

Gas volume available from 6 stage Preheater 
(750 kca1/kg clinker and coal of 4500 kcal/kg) 

= 1.6 nm3/kg at 280°C 
= 2,20,000nm31hr. 

To dry moisture in coal mill from 10% to 2% would 

require 34,66,700 Kcallhr. And gas volume required 

would be 44,200 nm31hr. 

To dry moisture in raw mill from 5% to 1 % would 

require 157,90,000 Kcallhr, requiring a gas volume of 

201,400 nm31hr from preheater. 

Total gas volume for drying = 245,600 nm31hr. 

Available preheater gases thus are not adequate 

for drying in the two mill systems under the conditions 

stipulated; however in dry months when moisture in 

raw materials would be:::: 3 %, they would be sufficient. 

If the mills are oversized, then situation would be 

worse. 

6.18 Gases Required to Lift Material 

Another factor is volume of gases required to lift raw 

materials I coal out of the mill whether ball mill or 

vertical mill. 

In air swept ball mills, volume of gases required for 

this purpose is 1.2-1.3 nm3 I kg of material. In vertical 

roller mill it is :::: 1.6 nm3 I kg. 

For only 'air lifting' coal mill will require 

30,000 x 1.6=48,ooonm3 I hr and raw mill would require 

2,50,000 x 1.6 = 4,00,000 nm3 I hr. 

Thus to make up for this, a certain amount of 

recirculation is required in the circuit i.e., to bring back 

gases to the mill after dust collector. This further 

complicates ducting of the raw mill system. 

See Figs. 6.31 and 6.32. 

6.19 Developing the Layout 

The layout therefore has to be developed taking all 

these factors into account with the help of the Suppliers 

of machinery and Consultants who have experience 

of designing the system. In a branched circuit, see 

Figure 6.36, band d are junction points. Therefore 

drop in pressure in two branches is the same. Ductings 

should be sized according to volumes of gases flowing 

through them and resistance so arranged (if need be 

artificially) to ensure above condition. 
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6 

5 

1 G.C.T 

2 P.H fan 

3 Raw mill 

4 E.S.P- with precollector 

5 E.S.Pfan 

6 Chimney 

Fig. 6.35 Ducting in kiln and raw mill circuit (GeT before PH fan; raw mill connected to ESP). 

Gas going direct to dust collector 
p 

q 
3 

Gas going from mill to dust collector 

b & d are junction points, therefore pressure drops across lengths b p d & b q d are same 
and flow divided between them according to needs of flow through raw mill. 

Fig. 6.36 Dividing gas flows in a branched circuit. 

6.19.1 Parameters for Velocities in Ducts 
In the layout and design of ducting the principles of 
sizing ductings, and balancing have to be kept in mind 

VIZ: 

Velocity in ductings should be commensurate with 
the dust content. 

I>ust laden gases 

Clean gases 

Dampers 

designed velocity mlsec 

20-22 

16-18 

Pressure drop across them to 
be allowed for 

Bends, converging 
and diverging ductings 
and different lengths 
ofductings 

Pressure drop in them 
should also be worked out 

Balancing can be achieved, particularly for venting 
systems, by introducing dampers or orifices. A fan can 
also be introduced for this purpose. 
See Fig. 6.36. 

6.20 Venting of Auxiliaries 
Various auxiliaries in the system also need to be vented. 
Among them would be : 

Belt conveyors, elevators, feeders, pneumatic 
conveyors, aeration systems, bins, separators and 
similar others. 
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The principle is that volume of air corresponding to 
material being handled gets displaced. 

Norms for venting have been established for 
different types of machines major and auxiliaries and 
should be used for sizing of venting ducting. For details 
See Chapter 41 on venting in this section. 

It would be best to install a separate dust collector 
for venting of auxiliaries rather than take them to the 
main dust collector. 

The dust so collected is taken to the final product 
conveyor. 
See Fig. 41.2 in Chapter 41. 

6.21 Closed Circuit Grinding - Recirculation 
of Coarse Material 

In closed circuit grinding systems, material is not 
ground to final fineness in one pass. The material 
coming out of the mill is half finished. It is then passed 
through a separator where coarse fraction is separated 
and returned to the mill for regrinding. Air Separators 
or Separators thus help to save energy in grinding 
operation. 

6.21.1 Circulating Load 
The return material is called 'circulating load'. In a 
ball mill, the amount of circulating load is related to the 
length / diameter ratio of the mill. Longer the mill, 
smaller the circulating load. 

Commonly used I / d ratios for ball mills are: 

Coal mill 

Raw mill 

Cement Mill 

6.22 Separators 

1.25 - 1.5 

1.5 - 1.75 Maximum 2 

2.5 - 3.5 

Separators being the vital part of a mill system, have 

to be integrated in the system according their own 

design features and also that of the mill they have to 

work with. There are three main designs. 

6.22.1 Grit Separators 
They are static. Dust laden air/gas enters from the 
bottom and exits from the top after passing through 
adjustable vanes. These separators can therefore be 

Fines I product 

Fig. 6.37 Grit separator. 

located in only one position with respect to the mill 
which is air swept that is in the outlet duct from the 
mill. 
See Fig. 6.37. 

Static separators were part of vertical roller mills 
like 'E' mills and Polysius Vertical Roller mills also. 

6.22.2 Mechanical Separators 
In them separation of fines from feed was done by 
action of centrifugal force on particles. Fines were 
recovered by cyclonic action within the separator. 

Some times hot gas was passed through the 
separator to dry material. Otherwise these separators 
needed only a small amount of air /gas flow through 
them. 

Material discharged by the mill was conveyed to 
an elevator which then lifted it to feed the separator at 
the top or from the side. 
See Fig. 6.38. 

Thus air slide, elevator and separator formed on 
integrated unit. 

Separator could be located at the feed end or the 
discharge end of the mill according to the percentage 
of fines in feed. 
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4 
5 
6 
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1 Feed spout 2 Main fan 

3 Control valves 6 Fines cone 

5 Distribution plate 

7 Return air vanes 
9 Fines discharge 
A Fines lifting zone 

4 Auxiliary fan 
8 Tailings cone 

10 Tailings discharge 
B Separating zone 

Fig. 6.38 

Fig. 6.39 

Schematic of a mechanical air separator. 

1 Ball mill 
2&3 Air slide for mill discharge 

4 Elevator 
5 Separator 
6 Coarse return air slide 

'1 + 12- Total length of air slide decide 
depth of pit for elevator 

Separator at feed end. 
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When feed contains substantial amount of fines, 
fresh feed would be taken to separator first; coarse 
will go to mill. 
See Fig. 6.39. 

When it does not contain much fines, fresh feed 
will go to mill and separator will receive mill discharge. 
See Fig. 6.40. 

The two locations decide lengths of airslides for 
mill discharge and coarse return and also depth of pit 
for elevator. 
See Fig. 6.41. 

6.23 High Efficiency Separators 
They have replaced the two designs mentioned above. 
In them air or gas is used as the classifying agent to 
separate fines from coarse. Fines so recovered were 
separated from the air/gas stream by passing them 
through dust collectors like bag filters or esps. 
Therefore efficiency is very high. Speed of rotor can 
also be varied to vary fineness of product. 

6.23.1 Designs of High Efficiency Separators 
There are many designs of high efficiency separators as 
shown in Fig. 5.5 and 5.6 in Chapter 5 of Section 2. 

In most designs feed is from the top. Outlet can be 
from the top or from the bottom. Mill vent gases are 
used for classification in the separators. If they are 
not adequate, part of the gases is recirculated. Drying 
is almost always done in mills. 

These separators are therefore so located at the 
discharge end of the mill so as to suit its entry into 
separator as per its design and exit of product to dust 
collector. 
See Fig. 6.3 also Figs. 6.45 and 6.46. 

In Sepax separator, which combines grit separator 
in the lower part, entry of gases is from the bottom. 
Mill discharge is introduced in the separator at a higher 
point. 
See Fig. 6.42. 

When Sepax is used with roller press it also 
incorporates a disagglomerator to break cake from 
press and to disperse material in air stream. This 
locates the separator directly above mill outlet. Three 
components i.e., grit separator, disagglomerator and 
separator rotor being in vertical line one above the other 
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D 

Belt 
fresh feed 

Fig. 6.40 

Fig. 6.41 

11 - Length of air slide depends on dia of separator 

12 - Decides height of separator and hence height of elevator 

D - Dia of separator 

Separator at discharge end. 

h - Clear height of mill above ground 
c - Mill center height 

d - Depth of pit 

I - Length of air slide 

b - Height of inlet chute of elevator 

Layout of ball mill in closed circuit 
depth of pit - determined by - clear height h, 
dia of mill and length of air slide. 

1 Ball mill 

2 Air slide for mill discharge 

3 Elevator 

4 Separator 

5 Coarse return air slide 

1 Ball mill 
2 Discharge hood 

3 Air slide 

4 Bucket elevator 

requires corresponding head room in mill department 
and also needs tall elevator. Product is taken out from 
the top - requiring further head room. 

Sepax has been modified to work with air swept 
ball mills grinding coal. 

See Fig. 6.43. 



Fig. 6.42 

Coarse return to mill 

Disaggolometer 

Grit separator 

... 
.8 
~ 
Q) 
a. 
Q) 
(f) 

Sepax seperator cum disagglomerator. 
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9 

To bag filter 

Feed from elevator 

1 Hopper 

2 Weigh feeder 

3 Elevator 

4 Roller press 

5 Separator cum 

d isagglometer 

6 Mill 

7 Elevator 

8 Main bag filter & fan 

9 Bag filter & fan for mill 
and auxiliaries 

Fig. 6.43 Roller press, tube mill, separator and disagglomerator circuit. 

6.23.2 High Efficiency Separators in V. R. Mills 
High efficiency separators have now been incorporated 
in V.R.M.s of all designs by modifying the casing. 

However since they are installed in the casing of the 
mill itself, no special provision for them in layout have 
to be made. 
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6.23.3 Retrofitting of Separators 
Often in old installations of ball mills, perfonnance could 

be improved by replacing mechanical separators by 

high efficiency separators. 

A high efficiency separator is smaller in size 

compared to the conventional separator. Therefore it 

is not difficult to accommodate in the layout. But this 

change requires a much larger dust collector to be 

installed. The layout shouldbe examined from this angle. 

This is also true of v. r. mills with separators of old 

design built in. Casing is modified to accommodate new 

high efficiency separator and may require some minor 
changes in the layout. 

Fig. 6.44 

1 Table 

2 Gearbox 

3 Motor 
4 Coarse drops 

through air gap 
5 Diverter 

6 Bucket elevator 

External circuit V.A.M. 
collecting oversize to convey it to mill 
by an elevator. 

6.24 External Circuit of V. R. Mills. 
It would be slightly difficult to convert an existing v.r.m. 
into external circuit mill because there would not be 
enough head room under the table to install conveyors 
for collecting coarse dropped from the air ring. An 
elevator is added to lift coarse so collected to feed it 
them back into mill. 
See Fig. 6.44. 

There would not be any difficulty in case of new 
installations for adopting external circuit. 

6.25 Elevators in Mill System 
for Closed Circuiting 

Bucket elevators in ball mill systems lifting circulating 
should be generously sized so that they do not become 
a bottleneck. They carry fresh feed and circulating 
load. Therefore for a mill with a capacity of 100 tph 
and a circulating load of 200 %, airslide and elevator 
would have to carry 300 tph. They should be sized 
accordingly. 
See Fig. 6.3. 

6.26 Equipment to Convey Finished Product 
Layout has also to take into account the equipment 
selected for conveying finished product that is raw 
meal to the next section, that is blending silos in case 
of raw mills. 

The feed points on air lift and elevator for example 
would be at different heights. Air slides from bag filters 
/ esps collecting the product of the high efficiency 
separator should be at a suitable height to do this since 
they are installed only at a downward slope. 

This in turn means that dust collectors and 
separators are in tum located at appropriate height. 

Thus layout gets built up backwards from the 
delivery point of the product. 
See Fig. 6.45. 

6.27 
Typical layout drawings of ball and v.r. mills of actual 
installations have been shown in Figs. 6.46 and 6.47. 
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To silo I 
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To silo 

t 

b 

Note : h3 - Dependent on h4 & length of mill & size of separator 

0.0 

h5 - Dependent on size of separator & bag filter & whether elevator or air lift 

h1 - Feed point of elevator = 1-2 meter above 00 level 

h2 - Feed point of air lift = 6-8 meters above 00 level 

Location of dust collector and discharge points. 



Fig. 6.46 Ball mill and sepax separator in raw material grinding system. 

Note: Sepax located right over the mill 
Mill also has a flash drier 



Note: Product collected in cyclones 
Fan recirculates air in Sepax 

Fig. 6.47 Sepax in ball mill system, another view. 
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CHAPTER 7 

7.1 Maintenance of Ball Mills 
In case of ball mills, lining plates are required to be 
changed now and then so also diaphragm plates. 

Grinding media need to be unloaded and regraded 
as they wear out. If the grading composition is 
corresponding to 'equilibrium changes', the make up 
charge consists of one sized grinding ball usually the 
largest in the compartment. 

Wear is judged by the drop in load drawn (amps) 
and make up quantity added through chute at inlet or 
by opening the manhole in 2nd compartment. 

7.2 Handling Grinding Media 
When there is a sharp drop in the performance of the 
mill, one of the reasons could be that grinding media 
have shifted inside the mill and hence are ineffective. 
Charge requires to be sorted and put back in right place 
in the compartment. 

7.2.1 Regrading 
In 'regrading' entire ball charge is dropped out by 
rotating the mill with man holes open and sorted out 
size wise, quantity wise and mill is reloaded according 
to the charge that has given best results. 

For large mills, tonnage to be handled could be as 
large as - 200 tons or more. 

7.2.2 Facilities for Handling Grinding Media 
The layout of the ball mill should therefore provide 
facilities like: 

(i) Portable belt conveyor to load the mill. 

(li) Screen to sort out media size wise. 
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(iii) Access for trucks to bring and take away 
grinding media. 

Therefore one side of the mill should be totally free 
for this purpose. 
See Fig. 7.1. 

7.3 Mill House Constructuion 
The column spacing of the mill building at ground floor 
and also height of first floor should be so selected that 
mill shell can be easily taken into building between them 
during erection stages. 
See Figs. 7.2 and 7.3. 

If the mill heads are assembled outside, then the 
mill would have to be raised high enough to clear the 
bearings and foundations. 

Diaphragms are generally inserted from ends. 
Hence mill heads would generally be fitted after mill 
has been taken inside and kept in position. 
See Fig. 7.2. 

Unlike kilns which are in the open and hence cranes 
can be used for lifting, mills are inside a building and 
hence it is more difficult to use a crane for this purpose. 
See Fig. 7.4. 

7.4 Handling of Lining Plates, 
Diapharagm Plates 

For fitting and removing internals like lining plates / 
diaphragm plates etc. , an overhead monorail with a 
motorized and remote operated pulley block is used. 

Thus there should be enough clearance above the 
mill for this purpose. 
See Figs. 7.1 c and 7.5. 
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Mill house 
Hoppers 

~---e-&m-
Drive 

Cl Cl 

( , c Cl Portable sc ~en for 
- segregating of media 

Cl Cl 
I [;_[J 

(a) Portable belt to load mill 

jMOnOrail 

Mill house / 

___ r-- ___ E~--:=~--~il-1 ----) G-----

Fig. 7.1 

(b) Loading and grading of grinding media 

Free side to remove lining plates 
and internal fittings 

Monorail 

(c) Handling of lining plates and internal fittings 

Handling of grinding media and internal fittings of ball mill. 

Tractor trailer to 

bring in & take away 
grinding media 
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hi-·-1-----.~ 
,~: 57il, 

1 Ball mill 
4,5 Jacking pads 

7 Jack 

2,3 Bearing foundations 
6 Sleepers 

Fig. 7.2 Ball mill being placed on foundation. 

2 

3 4 

2 2 

1 Mill house 2 Columns 
3,4 Bearing foundations 5 Mill with heads 

Fig. 7.3 

Fig. 7.4 

Mill assembled with heads 
being taken in. 

Mill assembled on foundation 
with the help of a crane. 

7.5 
It was customary to locate all mills together when the 
layout was centered around a crane gantry. This is no 
longer the case and raw and cement mills are now 
located far off from one another. Even then, when 
there is more than one mill, they would for convenience, 
be installed side by side. 

7.6 Motor and Gearbox 
Motor and gearbox would be installed in a separate 
enclosure separated from the mill and auxiliaries as 
shown. 

An overhead traveling crane would be used to lift 
and remove motors and gearboxes. 
See Figs. 7.S and 7.6. 

On the flat roof of the building could be installed 
dust collectors. 

7.7 Maintenance of Vertical Mills 
Vertical rollers mills come in different designs. In one 
design, rollers can be swung out for maintenance. In 
another they are lifted and turned around a vertical 
axis out of the mill. 

In others, beams are provided inside the mill housing 
for facilitating handling. The beams extend outside for 
keeping rollers on trailers trucks etc. 
See Figs. 7.7 to 7.10. 

In smaller mills, with three / two rollers, entire 
assembly can be taken out of the mill. 

These facilities for handling come with the mill; the 
layout and requirement of free space around the mill 
will also be suggested by the Supplier and should be 
followed strictly. 

7.7.1 Maintenance Requirements of Rollers 
Rollers come in different sizes and shapes. Some have 
single piece liners; others mUltiple pieces wedged 
together. 

The maintenance requirements vary with the design. 
Supplier's instructions should be followed. 

The aim in designing layout would be to minimize 
stoppage time required for changing rollers / replacing 
liners / including liners of table also. 
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Fig. 7.5 Ball mill layout - Elevation. 

Fig. 7.6 Ball mill layout - Plan 
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1 Mill 

2 Gear box 
3 Motor 

4 O.H.T. Crane for drive 

5 Monorail and Chain block 
over mill 

6 Main bearings 

2 3 

4 

(material handling equipment for grinding media and lining plate). 

7.7.2 Table and Gearbox 
In a roller mill, the table is required to be jacked up for 
removing the gearbox. Gearbox is put on a trolley on 
rails and pulled out from end opposite the motor so that 
motor is not required to be disturbed. 
See Fig. 7.11. 

A typical layout of a vertical roller mill from 

maintenance angle is shown. It should not be necessary 

to disturb hot air ducting while attending to the internals 

of the mill. 
See Fig. 7.12. 

7.7.3 Maintenace in Mill with External Circuit 
When mill has an external circuit, coarse material falling 
through the air gap is required to be collected and 

brought out from under the mill to a single point to 
take it to the elevator. The group of conveyors under 
the mill would need maintenance and hence there 

should be enough head room and elbow room under 
the mill for this purpose. 

See Fig. 6.44 in Chapter 6. 
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For small mills entire roller assembly can be taken out as shown 

Fig 7.7 Handling facilities for vertical roller mills - 1 . 

Fig. 7.8 Handling facilities for vertical roller mills - 2. 

Fig. 7.9 Lifting arrangement for roller - elevation. 

Fig. 7.10 Lifting arrangement of rollers - plan. 

1 Vertical roller mill 
2 Rollers 
3 Table 
4 Beams inside mill 
5 Beam out side 
6 Moving trolley with chain block 
7 Trailer to load roller assembly 
8 Large doors 

1 Vertical roller mill 
2 Rollers 
3 Table 
4 Door 
5 Rollers swung 

out on hinge 
6 Trailer to receive 

roller 
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6 

1 Roller mill body 
3 Yoke 

Rails Wheels 

2 Table 
4 Gearbox 

5 Jack to lift table 6 Jack to lift gearbox 

7 Trolley to be slipped under gearbox 

8 Rails 

Fig. 7.11 Taking gearbox out from under 
vertical roller mill. 

7.8 Maintenance of a Roller Press 
Roller press will be used either alone or with ball mill. 
When ball mill follows a roller press, it will be much 
smaller in size for reasons explained earlier. Layout 
considerations for ball mill and auxiliaries would be 
same as for ball mills in general. 

-

8 8 

3 
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7.S.1 Roller Press 
Roller press itself would be housed in a separate 
building more commonly on the fIrst floor of the building. 
This building should have facility to hoist either the 
complete assembly of roller press and place it on 
foundation or at least the rollers. 

Rollers will have to be removed at times for 
maintenance. 

It is usual to build up worn out rollers 'in situ' by 
fIxing a portable welding machine on the press. The 
inlet chute will be removed for this purpose. 

Two rollers will have two drives - motors and 
gearboxes. An overhead crane will be provided for 
lifting motors and gear boxes. 

As in case of ball mill and v.r.mill, at least one side 
of the building should be free for access to tractors 
and trailers to load rollers on them. 
See Fig.7.13. 

As in case of v.r.mills, Suppliers of roller press 
should furnish the layout of the roller press showing 
orientation of lifting gears and also specifications if 
they are not included in scope of their supply. 

1 Mill 
2 Gearbox under table 

3 Motor 

4 Trolley to pullout gearbox from opposite side 
without disturbing motor 

5-5 ; 6-6 Axes for swinging out rollers 
7 Large door 

8 Beams with lifting tackle when roller / 

roller assembly brought out 

8' Beams inside mill 

9 Trolley/trailer for loading roller/s 

It should not be necessary to disturb hot air ducting for maintenance of rollers or table 

Fig. 7.12 Roller mill layout for maintenance. 



El+,lJ41l1b 

tI..+2~ 

L1 - L1 
1.5783". 

~ r:-;-:t ... __ 
~ 

JI= + 25200 

£L :!:!:.~.~_ ~~~~~ 
[l~~_._ 

t~ F~~~ 

+5OOQ 

-- EL +': 11ft 

I 2000 5500 J I I --
-- ______ 6500 ____________ ~-W 

Fig. 7.13 Roller press building with hoppers in cement mill circuit. 

..a. 

~ 

00 
tD 

~ 
§' 
~ 

l" 

~ o 
~ en 

~ 
o 
tTl 

~ 

~ 

i 



CHAPTERS 

8.1 Coal Mills 
Coal mills are either air swept ball mills or vertical 
roller mills. Therefore all those factors which come 
into play in developing layouts of raw mills will apply 
to coal mills also. Coal mills naturally will be much 
smaller than raw mills. Hence maintenance aspects 
covered in Chapter 7 will be on a smaller scale. For 
example, in most cases entire rollers assembly could 
be taken out for maintenance. 

8.2 Safety Aspects 
A very important aspect of layout particular for coal 
mills is the 'safety' against explosions and fire. 

The danger of fire I explosions is more when mill 
uses hot air from cooler for drying. When 'inert' gases 
« 6 % 02) from preheater exhaust are used for drying, 
the danger is very much reduced. 
See Figs. 8.1 to 8.3. 

8.2.1 Explosion and Rupture Flaps 
Even then it is prudent to provide explosion flaps on 
ducts, bins and also on dust collectors in the system. 
See Figs. 8.4 to 8.6. 

Rupture foils are thin foils which burst under 
pressure and have to be replaced. 
See Fig. 8.7. 

Explosion flaps swing out under pressure and snap 
back in position as they are spring loaded. 
See Figs. 8.4 and 8.6. 

Explosion flaps are also provided on ducts so that 
explosive forces do not reach the dust collector. 
See Fig. 8.5. 
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8.2.2 Location of Safety Devices 
These safety devices should be so located that there 
is no possibility of injury to human beings in the event 
of their coming into action. 
See Fig. 8.4. 

Rupture flaps must be immediately attended to as 
otherwise with system being under negative pressure, 
it will admit atmospheric air and situation will worsen. 

8.3 Smothering and Extinguishing Fires 
There should be a provision to spray limestone powder 
in bins to smother the fire, should there be one. 

8.3.1 Injecting CO2 
Another common practice to cope with fires is to inject 
CO2 in the system - in bin and in dust collector. Fire 
dies for want of oxygen. 

A battery of CO2 cylinders is installed in the 
department which when actuated injects CO2 in dust 
collector and bin and thus extinguishes fire. 
See Fig. 8.8. 

But once discharged the battery needs to be 
replaced immediately to be available again. It thus 
requires three sets of cylinders -

(i) One set installed 

(ii) One set in store 

(iii) One set in transit for filling up. 

Occasionally provision is also kept for spraying 
water in the ESP. 

Bag filters and ESPs in coal system are specially 
designed to withstand high pressure of ~ 500 mmwg . 
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1 Grate cooler 
3 Hot air to coal mill 

2 Hot duct to calciner 
4 Cyclone 

5 Coal mill - a. Ball mill or b. Vertical mill 
6 To cooler vent 

Fig. 8.1 Hot air from grate cooler to 
coal mill - ball, vertical. 

5 

11 

U 12 

1 P.H. fan 

3 Coal mill - ball mill 

5 Cyclones 

7,9 Gas tight dampers 

10 Coal mill fan 

12 Coal feeder 

P - Product 

6 

2 Cyclone 

4 Grit separator 

6 Explosion relief 

8 Bag filter/E.S.P 

11 Raw coal hopper 

13 Pendulum flap valve 

Fig. 8.3 Coal mill system - air swept 
ball mill at preheater end. 

1 P.H.fan 2 Cyclone 3 Coal mill 
4 Explosion relief 

6 E.S.P/Bagfiiter 
9 Raw coal hopper 

11 Pendulum flap valve 

5,7 Gas tight dampers 

8 Coal mill fan 
10 Coal feeder 
P- Product 

Fig. 8.2 Coal mill system vertical mill 
at preheater end. 

Spring loaded 

explosion flap 

Dust collector 

Fig. 8.4 

Fig. 8.5 

~ 
E 

N 

Dust collector casing. 

Cage to catch explosion door 

Ducting. 



Spring loaded Explosion flap on bin 

Fig. 8.6 Spring loaded explosion flap on bin. 

4 

5 

9 
..... 

8 

Spraying raw meal on coal in raw coal hopper 

Fig. 8.7 

Raw meal 

From raw meal silo 
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Rupture foils on roof of ESP. 

1 Raw coal hopper 
2 Coal mill 

3 Grit separator 
4 Cyclone 

5 Fine coal hopper 

6 ESP I Bag filter 

7 Fan 

8 Batteries of CO2 cylinders 

9 Pipe line to inject CO2 in 
bin and dust collector 

10 Pumping raw meal from raw mill 
on coal hopper to extinguish fire 

Fig. 8.8 1. Injecting CO2 in fine coal bin and in ESP to extinguish fire. 
2. Spraying raw meal in raw coal hopper. 

8.3.2 Inert Gas Generator 
It is also possible to install an 'inert gas generator' to 

supply inert gas to extinguish fire. It would eliminate 

necessity to keep and replenish stocks of CO 2 

cylinders. 

A large receiver will store inert gas just like 

receivers of compressors. It will start supplying inert 

gas automatically when fire or presence of CO is 

detected. It will also actuate starting of the 'inert gas 

genearator' . 

The screw conveyors at bottom are oversized so 
as to eliminate possibility of accumulation of coal dust 
in the hopper and their getting over loaded. 

8.3.3 Layout to House Gas Cylinders 
The layout thus must provide room, at ground floor for 
the battery of CO2 cylinders and its bringing in / taking 
out for replacement or for an inert gas generator and 
gas receiver. 

The area around bag filter and explosion flaps on 
ducts should be cordoned off and should not be 
accessible to men under normal circumstances. 
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8.4 Ductings in Circuit 
All ductings, hot or cold, all bins and dust collector in 
coal mill system need to be insulated and lagged to : 

1. conserve temperature, 

2. prevent condensation. 

8.S Fine Coal Hopper 
Coal mill building also houses the fine coal hopper which 
has a capacity of 6-8 hours requirements (total for kiln 
and calciner) and coal metering device and coal 
conveying equipment for conveying pulverised coal to 
kiln and calciner. 

There would be two coal bins if coals fired in kiln 
and calciner differ in fineness. 

Coal firing and metering systems are being dealt 
with separately. 

8.6 Location of Coal Mill 
When coal mill is located near preheater end to use 
inert gases, the calciner would be close to it and kiln at 
a distance from it. 

Reverse would be the case when coal mill is at 

cooler end. In this situation hot air from cooler would 

be drawn for drying in the mill through a cyclone. 

See Figs. 8.1 and 8.2. 

When coal mill is located at the preheater end, 

major changes are required in the general layout as 

compared to the hitherto conventional arrangement of 
coal mill at cooler end. 

See Fig. 8.9. 

8.6.1 
When coal mill is located at the cooler end, it is installed 

near the cooler on the ground floor. If it is a ball mill, 

many of its auxiliaries like grit separator and coarse 

return screw would be installed on the extension of 

the burners' platform. Coal mill house would be very 
much attached to the cooler building. 

When it is a v.r. mill., dust collector would be installed as 
shown in Fig. 8.12 next to burners platform. 

When mill is installed at preheater end, coal mill 
building will house, mill all the auxiliaries and also fine 

coal bins and coal firing systems for kiln and ca1ciner. 

Clinker storage 

Cooler 

Kiln 

Preheater Coal mill 

Blending 0 n ~ 
Rawmilli"' 

Coal 

Coal crusher 

Raw coal 
stock pile 

Fig. 8.9 Coal mill located at preheater end to 
use inert gas from preheater. 

8.7 Fans in Coal Mill System 
Coal mill system may have one fan or two fans to 

draw gas/air through the system from preheater / cooler 

and through bag filter/ esp. Though using one fan is a 

feasible proposition many prefer two fans because of 

length of ductings. 

See Figs. 8.10 and 8.11. 

Figs. 8.10 and 8.11 show hot gases being drawn 

from cooler but they could apply to system drawing 

hot gases from pre heater as well. 

8.8 Ducting Layout 
The comments made earlier about the layout of ducting 

from preheater for drying in raw mill section also apply 

to coal mill. In raw mill section, dust contained in 

preheater gases does not matter. 

In taking preheater gases to coal mill this dust needs 

to be removed as otherwise it would bring down 

calorific value of coal. 

See Figs. 8.1 to 8.3. 

8.9 Gas Tight Dampers 
In the coal mill circuit airtight, 'quick closing' dampers 

are installed to isolate the dust collector in the event of 

fire / explosion. 



F1 

Mill 

A 
Scheme -1, 2 Fans 

Cooler 

Mill 

Dust 
collector 
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B F2 

B F3 

Bag Filter 

Cooler 
Scheme - 2, 1 Fan 

Figs. 8.10,8.11 

Total pressure drops in system remains same in schemes1 & 2 

Static pressure of fan F3 = sum of static pressure of fans F1 & F2 

Power consumption remains the same exept for leakage 

Drying and grinding system for coal mill with 2 fan and 1 fan. 

These could also be used for carrying out 

maintenance if a by pass is provided. 

S.10 
A typical layout of coa1 mill departments with coa1 bins 
and coal metering arrangement is attached. See Fig. 43.32 in Chapter 43 on ductings. 
See Fig. 8.12. 
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Vl0.l.. ...... 

V7.l.. .... , 

""". 

Fig. 8.12 

OL!: 85 kN 
OL2: 15 kN 
EL3: 1765 kN 

(Typ.) 
Note: Mill product lifted straight to dust collector. 

Coal grinding and coal metering system with 
pneumatic conveying of coal to kiln and calciner. 

J.V3 



CHAPTER 9 

9.1 Raw Meal, Coal and Cement 
Raw Meal i.e., ground raw mix is required to be 
conveyed first from raw mill to blending silo then from 
storage silo to kiln feed bin and from kiln feed system 
to pre heater. 

Dry pulverised coal is conveyed for firing into kiln 
and calciner. 

Cement is transported from mill to storage silos and 
from silos to packing machines. 

All three m;;tterials are finely ground powders and 
are free flowing when dry. They can be conveyed with 
ease pneumatically with the- help of 'air slides', FK 
pumps, Fluxos and airlifts; or mechanically by bucket 
elevators, belt conveyors, screw conveyors and chain 
conveyors. 

9.2 Pneumatic Conveying 

9.2.1 Airslides 
Airslides are stationary rectangular ducts with an air 
chamber and a porous medium, installed at a slope of 
6-10° and hence can convey fluidized material 
downwards only. They can be fed at a number of points 
and can discharge also at a number of points. 
See Fig. 9.1. 

9.2.2 FK Pumps 
FK pumps are screw pumps which push material as 
'slugs' in a chamber with air nozzles, air borne material 
is conveyed through a pipe line. 
See Fig. 9.2. 

FK Pumps can convey horizontally and or vertically. 
Material can be discharged at a number of points by 
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using 2 or three way diverting valves in the pipeline. 
See Fig. 9.2. 

It is a clean and flexible system. Conveying air is 
vented out at discharge through a dust collector. There 
is thus no dust nuisance. 

It however requires two drives - one for the screw 
and the other for compressor or blower. On the whole 
power consumption in kwh/ton of material conveyed 
is high. 

9.2.3 Lean and Dense Phase Systems 
Other pneumatic conveying systems have done away 
with the screw and convey pneumatically by admitting 
material in air stream through an ejector - lean phase 
system - (see Fig. 9.3); or by pushing it out of a 
vessel by compressed air - dense phase system. Air 
consumption is high but overall power consumption is 
less. 

Dense phase systems generally require two vessels -
one for filling and one for emptying - for continuous 
conveying. 

They are seldom used now for conveying raw meal 
or coal. 

9.2.4 Air Lifts 
Air lifts are systems which convey vertically only. 
They are useful for lifting raw meal/cement etc., to 
blending silos, cement storage silos and to lift raw meal 
to preheaters. 

Power consumption is much less than that for FK 
Pumps but, require large volumes of air. They lift 
material vertically only. 
See Fig. 9.4. 
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Fig. 9.1 

Fig. 9.2 

2 

2 

1 Air slide 

V-Vent air 
D - Discharge 

P1 

D1 

A 

A 

D2 

2 Blower for aeration 

F-Feed 
e- Siope- 6-10° 

View-AA 

F1, F2 Feed points 

Fluidised 
material 

Fabric 

Air chamber 

D1, D2 & D3 Discharge points 

P1, P2 Adjustable flaps for 
monitoring discharge 

1 Air slide 2 Blower 3 Side discharge box 

8 

p, 3 P2~3 

Pneumatic conveying of pulverized material by air slide. 

Silos 

2 

~
Diverting valve 

-11-11-
f"", 

1 FK pump 

2 Conveying Pipe line 

3.4 Two way diverting valves 

5,6,7 Bag filters for venting 

8 Compressor for supplying 
compressed air 

FK pump system for pneumatic conveying raw meal/coal/cement. 
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____ 0) 
2 

3 

1 Belt feeder 

2 Rotary air lock 
3 Ejector 
4 Blower 

5 Pipe line o 
OHr-4--~~------~--------~---5~ 

Fig. 9.3 Pneumatic conveying system using ejector to feed material in pipe line. 

Fig. 9.4 

Silo 

1 Feed air slide 
2 Air lift 
3 Blower I Compressor 
4 Pipe line 
5 Expansion chamber 
6 Air slide 
7 Spider air slides 
8 Vent 
9 Bag filter & fan 

Air lift for raw meal, cement, 
for vertical lift only. 

9.3 Mechanical Conveyors 
Mechnical conveyors like screw, belt, and elevator -
require lowest power / ton of material conveyed and 
of late have become popular again and are preferred 
to pneumatic conveying systems. They have several 
limitations though. 

1. Size wise they are bulky. 

2. Change of direction / elevation is difficult without 
another drive. 

3. Inclined belt conveyors are commonly used to 
convey and lift materials; but angle of inclination 
is limited to 20° or less requiring very long lengths 
of conveyor for same lift. 

4. Elevators convey only vertically. 

5. Screw and chain conveyors convey only 
horizontally. They can be installed at an angle 

Silo 

1 Feed air slide 
2 Bucket elevator 
3Air slide 
4 Spider air slides 
5 Bag filter & fan 

Fig 9.5 Bucket elevator to lift materials 
pulverised / granular into silos. 

up to 12° but capacity gets derated. 
See Figs. 9.5 and 9.6. 

9.4 Transport of Raw Meal 
Presently the most commonly used modes of transport 
for raw meal are : 

1. Air lift. 

2. Bucket elevator. 

Since both lift only vertically, they are required to 
be located almost vertically below the silo and by the 
side of preheater tower as the case may be. 

See Figs. 9.4 and 9.5. 

Ground raw meal collected in cyclones, dust 
collector and air separator is brought to the air lift / 
elevator almost always by air slides or by chain 
conveyors from esps / bag filters. 
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a) Screw conveyor under hopper 

I 

I I I I 

b) Chain conveyor under hopper, bag filter, ESP 

Fig. 9.6 

Fig. 9.7 

Screw and Chain conveyor under hopper. 

1 Separator / Dust collector 
2 Air slide 
3 Air lift 

1- Length of air slide 
c- Effective ht. of air lift 
d - Depth of pit 

3 

A-Air lift at 0.00 level 

B-Air lift in shallow pit 

B 

A 

Section of mill department - location 
of air lift at 0.00 level or in pit. 

9.4.1 Using Air Lift 
Air lift vessels are 5-6 meters in height and 1.2 to 1.6 m 
in diameter. If installed at ground floor, the feed point 
would be ~ 7 metres from ground. 
See Figs. 9.7 and 9.S. 

2 

ft4 

1 Feed point 
2 Air lift 
3 Compressed air pipe line 
4 Manhole 

d - Depth of pit 

0.00 

Depth of pit to suit height of manhole 
so material can be taken out at ground level 

Fig. 9.8 Air lift installed in a pit to reduce 
height h of feed point. 

For bucket elevators, the feed point would be about 
1-2 meters from ground level if elevator is installed at 
ground level. 
See Figs. 6.41 and 6.45 in Chapter 6. 
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9.S Depth of Pit for Air Lift Elevator 
In closed circuit 'bucket elevator mills' partially ground 
material is conveyed out of mill to separators using 
first an airslide and then a bucket elevator. 
See Figs. 6.39 to 6.41 in Chapter 6. 

Though ideal, it is not practical to install either airlift 
or elevator at ground level. However pit should be as 
shallow as possible. The depth should be limited to 3 
metres as far as possible. 

Depth of pit is dependent on location and size of 
separator and height of mill above ground level. Pit 
should be water proofed. 
See Figs 6.39 and 6.41 in Chapter 6. 

For airlifts, pit depth should be such that manhole 
provided for emptying the vessel should be above 
ground level. 
See Figs. 9.7 and 9.S. 

9.5.1 Dimensions of Pits 

A good amount of space needs to be provided around 
bucket elevator for maintenance and for taking out 
shaft. 
See Fig. 9.9. 

I. 

Fig. 9.9 

A - Length of casing 
B - Width of casing 
I - Length of shaft 

I. .1750 mm 
Elevator pit 

.1 750mm 
Air lift pit 

D - Diaof air lift vessel 

Dimensions of elevator and air lift pits. 

Air lift itself does not require any maintenance. The 

blower needs maintenance common to the compressor 

and blowers. 

9.6 Compressors and Blowers 
The compressors / blowers can be located either under 

the silo or in a separate room (compressor house). 

See Fig. 9.10. 

1 

A 

1 Raw mill building 

3 Blending silo 

5 Preheaterbuilding 

7 Bin on load cells 

2 Air lift to blending silo 

4 Air lift to preheater 

6 Extraction air slides 

8 Flow control gate &airslide 

9 Air slide from raw mill 10 Air lift to blending silo 

11 Blower for air lift 

13 Blower for bin 

15 Air lift to preheater 

12 Blower for blending silo 

14 Blower for air lift 

Fig. 9.10 Compressors - blowers for air lift 
mostly located under blending silo. 

9.6.1 Pressurisation of Compressor House 
The entire room whether under silo or a separate one 
should be pressurized to prevent dust getting into the 
room. Alternately, doors / openings should be fitted 
with filters for preventing entry of dust. 
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Compressors and blowers themselves should have 
generous dry air filters. It will improve life of 
compressor / blower. 
See Figs. 9.11 and 9.12. 

1 Compressors 

3 Motors 
5 Non-return valves 

2 Intake filters 
4 Air receivers 

6 Compressed air pipe lines to points of use 
7 Incoming cooling water 
8 Out going warm water 
9 Doors 10 Windows 

11 Monorail for maintenance 

Fig. 9.11 Layout of compressor house. 

Dm 
DD 
DD 

4 

2 

1 

5 

1 Door with filter panel 2 Door closure 

3 Filter panels 4 Doors 

5 Windows 

Fig. 9.12 Filter panels on doors and windows 
to keep dust out. 

This is particularly applicable for compressors used 
for aeration of blending silo which would also be 
installed in the same place. 

9.7 Conveying of Cement 
Conveying of cement, whether within the cement 
grinding department or from mill to storage silo is 
exactly the same as raw meal. There are small 
differences due to differences in their densities and 
finenesses. Cement is more abrasive than raw meal. 

Layouts of conveying equipment for cement are 
developed exactly in the same way as for raw meal 
described above. Even here elevators are preferred 
to air lifts which are mostly used as standby. 

9.8 Conveying of Pulverised Coal 
Pulverised coal is extracted from bins and metered 
and conveyed for firing into kiln and ca1ciner almost 
always pneumatically. 

Pneumatic conveying ensures instant dispersal of 
pulverized coal in kiln and ca1ciner to achieve complete 
combustion. 

Earlier primary air fans were used to convey coal 
into kiln. Distances rarely exceeded 30 metres. Both 
bin and P.A. Fan were installed on burner's platform. 

With increasing use of multi-channel burners, 
blowers are used for the purpose. 

FK Pumps or lean phase pneumatic conveying 
systems are used to convey coal to calciner. 

A lot depends on the location of mill. As mentioned 
earlier in Chapter 8, mill could be at cooler end or at 
preheater end. 

Though power consumption wise pneumatic 
conveying is more expensive its impact is small when 
conveying coal because consumption of coal is less 
than 20 % of clinker. 



CHAPTER 10 

10.1 Blending Systems 
Two basic systems of 'air merge' blending systems 
that depend on 'fluidisation' of raw meal exist. They 
are: 

1. Batch blending. 
2. Continuous blending. 

10.2 Batch Blending 
There are a great many designs of 'batch blending' 
systems developed by different manufacturers; basic 
principle being the same. 

Some systems have 4 sectors or quadrants, others 
have 8 or more. Equipment used for aeration is also 
different for different manufacturers. 

10.2.1 Aeration of Silo Bottom 
Most commonly used are open air slides or open square 
boxes fitted with aeration media like fabric or porous 
tiles fitted on the bottom of the silo. Approximately 60 
to 65 % of area of the silo is aerated. 

10.3 Operation of Batch Blending 
In batch blending, blending silo is located on storage 
silo in a 'double-decked' arrangement. 
See Fig. 10.1. 

Blending silo is filled with a batch of about 10 hours' 
mill production. Feed is then stopped and 'batch' is 
blended using a quadrant 'air merge' blending system. 
After blending, batch is emptied into storage silo below. 

For continuity of operation of raw mill, 2 blending 
silos and two storage silos underneath meet the 
requirement best. 
See Fig. 10.1. 
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BATCH BLENDING AND STORAGE 
SYSTEMS FOR RAW MEAL 

2 

1,2 Batch blending silos 3,4 Storage silos 

5,6 Straight feed to storage silo underneath 

7,8 Cross air slides 
9,10 Rotary valves I flow control gates 

11 Air slide to kiln feed system 
12 Elevator 

Fig. 10.1 Batch blending system - for small plants 
- double deck blending and storage silos. 

When a second raw mill is added, a third blending 
and storage silo are added as shown. 

See Fig. 10.2. 

Output from both the mills is taken to one silo till it 
is filled and then to the other two silos cyclically. 
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31 
I 

pre~eater 
9 

5 

I 7 I 1]1, 
I 1 l Mill II 

4 

2 

6 

Mill 

1,2 Raw mills 1 & 2 

5,6 Kiln feeds 1 & 2 

9,10 Air lifts to pre heaters 

3,4 Preheater 1 & 2 

7,8 Air lifts to blending silos A & C 

11 ,12 Air slides to blending silo B 

A,C Blending & storage silos for 1st mill 

B Blending & storage silo for 2nd mill 

7 & 8 Feed silosA,B,C cyclically 

Fig. 10.2 Layout - batch blending and storage silos - 2 kilns offers - flexibility and inter changeability. 

Fig. 10.3 

n 

? 

?? 

?.4 

A 

n 

? 

B 

A-2 Blending silos - 1-mill- filling time 10 hours 
B- 2 Blending silos - 2-mill - filling time 5 hours 
C-3 Blending silos - 2-mill- filling time 5 hours 

Blending in batch blending system. 

C 

n 

? 

4 

1? 

1.4 

~Filling 

~ Blending 

mII1III1I Emptying 
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10.3.1 Number of Blending Silos 
For two raw mills, 2 blending silos would suffice if 
between them they produce sufficient quantity of 
blended raw meal if both mills are installed together. 

A total blended raw meal of 2 '12 days' requirements 
of kiln is stored between storage and blending silos. 

10.4 Blending Cycles 
Blending and emptying and filling cycles for 3 sets of 
silos is shown in Fig. 10.3. 

Emptying time should be about 1 hour. 

When two mills are used to fill one silo, filling time 
will reduce to half i.e., 5 hours. 4 batches are available 
corresponding to the output of 2 mills. 

10.5 Compressors for Blending Air 
Blending and aeration compressors are best located 
right under the silo to avoid long leads and condensation. 
Rotary air compressors are best suited to give air 
supply without fluctuation of pressure but air delivered 
would be mixed with oil. 

Therefore roots blowers are preferred to rotating 
compressors. Even then the system should include coke 
filters and moisture traps. 

10.5.1 Cycling Valve 
A four way cycling valve is installed under the silo to 
supply cyclically blending air to one quadrant and 
simultaneously aeration air to the other three quadrants 
for about 15 minutes and then switches on to the next 
quadrant. A cycle of 4 quadrants of 15 minutes duration 
each would take 1 hour. The period of admitting 
blending air to a quadrant is adjustable. If need the 
cycle can be repeated. When there are more than 4 
sections solenoid operated air valves are used to supply 
air sequentially same as 4 way cycling valve does for 
'quadrant' system. 

10.6 Head Room above Storage Silos 
There should be sufficient head room between blending 
and storage silo to install pipe lines and cycling valves 
and also filters for moisture and oil. Head room is also 
needed to install air slides between the silos to convey 
blended raw meal to both the storage silos underneath. 
See Fig. 10.4. 

4 
d d 

1,2 Blending silos 3,4 Storage silos 

5,6 Blending & areation Blowersl 
compressors with filters 

7 Cycling valve 8 Pulsating valve 

d - Dia of blending silo I - Center distance of silos 

h - Height of blending silo above storage silo 
h Governed by center distance between silos 

and hence dia of silo - also by size & space 
required for blowers for blending & areation 

Oil & water filters and piping to be installed 
h will be 2 m or more 

Fig. 10.4 Blending and storage silos - height 
of blending silo above storage. 

10.7 Storage Silos 
Storage silos can be conical bottom for small diameters 
and flat bottom for large diameters. 

10.7.1 Aeration of Storage Silos 
Storage silos are also aerated for helping flow. In flat 
bottom silos, 10-15% of their area is covered with 
aeration pads I airslides. Bottom can be ridged to 
reduce aeration area to 8-10 %. Discharge can be 
from center of bottom or from side. 

Storage silo is continuously aerated when material 
- is withdrawn. 

See Figs. 10.5 to 10.9. 

Conical bottom silos can be totally emptied without 
any dead stock. But the cone takes considerable height 
and head room, minimum angle of cone being 60°. It is 
also aerated by a few open air slides to help flow. 
See Fig. 10.5. 
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Slope 6-80 

Fig. 10.5 Aeration of conical bottom silo. 
Fig. 10.6 Flat bottom - central discharge. 

Open air slide Flow control gate 

Fig. 10.7 Flat bottom - end discharge. 

Closed airslide 

Cut off gate 

Blower 

Siols - aerated cones and flat bottoms 

10.8 Kiln Feed System 
In batch blending systems, kiln feed sections would 
generally be outside the silos. 
See Figs. 10.1 and 12.8 in Chapter 12. 

Silos in double deck batch blending systems are 
limited to lOI12 metre in diameters. 

10.9 Pressure Release Flaps 
Silos are vented and blending silos have pressure 
releasing flaps at the top. 
See Fig. 10.10. 

10.10 Venting of Blending and 
Storage Silos 

At the end of the pipe line conveying raw meal from 

air lift to blending silo, there is an expansion chamber 

which separates raw meal from air. Air is vented into 

silo and from there to a dust collector. Raw meal is 
conveyed to centers of silos as needed through air slides 

with side discharge gates. 
See Fig. 10.10. 
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6-8 0 

slope 

Disch outlets 

cz:z:::iI Open air slides 

~ Open air slides 

Area covered by air slides - 12-15 % of silo area 

Fig. 10.8 Plain flat bottom. 

Open air slides cz::::z::::J 

Section-AA 

Area covered by air slides", 8 to1 0 % 

Fig. 10.9 Ridged flat bottom. 

10.11 Dimensioning of Silos 
Conventionally in batch blending, height of material 

filling is limited to the diameter of silo. Height 

corresponding to about 25 % of the diameter is allowed 

for the expansion of raw meal during the blending 

operation. and another 1 meter or so for escaping air. 

See Fig. 10.11. 

10.12 Blending Effect Achieved 
In batch belnding, blending effect achieved is 8: 1 - 10: 1. 
That is if variation in feed in ± 2 % in terms of standard 
deviation, blended raw meal would have a deviation of 
± 0.25-0.2%. 
See Chapter 6 in Section 2. 

Better blending is obtained if material is withdrawn 
simultaneously from 2 storage silos rather than from 
one only. 
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1 Expansion chamber 
2,3 Blending silos 

4 Air slide = horizontal 
Length = L + d/2 

5 Side discharge box 
Air slide slope = 6 _ 80 

Height difference h2 = (I + d/2) tan 6 _ 8
0 

h1- Depends on size of expansion chamber 

6 Dust collector 
7 Fan for venting 
8 Pressure release flap 

Fig. 10.10 Distribution of raw meal to blending silos and venting. 
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Fig. 10.11 Proportions of batch blending silo. 

H 

d = Dia of blending silo 
h = Height of filling 
h1 = Height during blending of 

fluid used raw meal 
h3 = Clearance for venting 
h1 = 1.25h 
H=h1+h3 

Usually h = d 
h1=1.25d 
h3= 1 m 



CHAPTER 11 

11.1 Operation of a Continuous 
Blending System 

This system also depends on fluidizing properties of 
the raw meal to achieve blending. It however operates 
differently from batch blending system. 

As the name suggests raw meal is admitted, 
blended and extracted continuously, all operations 

1 Continuous blending silo 

3 Air slide 

2 Expansion chamber 
4 Junction box 

5 to 8 Air slides of spider for distribution 

9,10 Dust collector & fan 

5-8 Equally spaced 
air slides 
Some long. 
some shon for 
distributing raw 
meal in the silo 

h Governed by slopes & lengths of air 
slides and height of junction box 

Fig. 11.1 Continuous blending feeding 
arrangement. 
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taking place simultaneously. Raw meal delivered by 
air lift (from raw mill) is spread all over the silo with 
the help of 4 1 6 radially arranged air slides looking 
like a spider's legs as shown. 
See Fig. 11.1. 

Filling rate corresponds to the output of mill and 
emptying rate corresponds to production rate of kiln. 
For good efficiency of blending, the silo should always 
be more than half full. Blending effect achieved is 
5:1/6:1. 

This coupled with a similar blending effect achieved 
in stacker reclaimer system earlier results in a total 
blending effect of 25 : 1 1 36 : 1. 

An X-ray analyzer is a vital component of the 
continuous blending system. 

11.2 Proportioning of Raw Materials 
The proportioning of raw materials is done continuously 
with the help of X-ray analyzer by monitoring speeds 
of weigh feeders for limestone and correcting materials 
feeding the raw mill. This results in raw mix 
composition being close to the designed value at all 
times. 

11.3 Construction of Continuous 
Blending Silo 

There is an inverted cone at the center about half the 
diameter of the silo with 6 or more openings. Annular 
surface at the bottom is fitted open air slides to aerate 
the material in the silo. 
See Figs. 11.2 and 11.3. 

The raw meal flows through the openings towards 
outlet breaking the layers formed during filling as 
shown. Thus raw meal coming out contains all the 
layers and is thus blended (like reclaimer cutting across 
the face of the stock pile). 
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Layers of material fed 
according to interval between corrections 

A - Layers formed between corrections 

B - Layers broken during withdrawal 

Fig. 11.2 Blending action in continuous blending. 

11.4 Quadrant and Continuous Blending 
A further refinement of the system is to use a quadrant 
blending system in the central portion of the silo. In 
the floor of the silo a small inverted cylinder is installed 
concentrically and the bottom is fitted with quadrant 
blending system described earlier. 
See Fig. 11.3. 

Thus blending takes in two stages : 

1. By breaking of layers. 

2. By air merge quadrant blending. 

11.5 Size and Capacity of 
Continuous Blending Silo 

In continuous blending - blending and storage silo are 
one. Therefore silo holds 2 Y2 I 3 days' requirements 
of raw meal in storage. Raw meal required per day 
for a 3000 tpd capacity plant is = 4500 tons. 3days' 
requirement of kiln therefore is equal to 13500 tons. 
Size of one silo to hold this quantity is therefore large. 

Let bulk density of aerated raw meal in silo be 
0.96 tlm3. Therefore capacity in cubic metres = 14100. 
Selecting a height to diameter ratio equal to say 4, 
diameter of silo would work out to 16.5 metres. 

Silo diameters are thus large - 15 to 18 meters in 
case of continuous blending systems for large plants; 
heights also reach 60 to 70 metres. 

Quadrant blending 
aeration 

Continuous blending 
aeration 

I 

l~ ~ 
~ 
~ 

1 Continuous blending silo 

2 Central cylindrical silo with bottom 
to suit quadrant air merge system 

A - Blending by breaking of layers 

B - Blending by quad rent air merge blending 

Fig. 11.3 Continuous cum quadrant blending. 

hid ratio is decided by considerations of costs of 
civil construction and soil conditions. Generally it will 
be between 4 & 5. Table 11.1 shows proportions of 
height and diameter for same volumetric capacity. 

Table 11.1 Volumetric capacity 14100 m3 . 

Diameter in m 15 16 18 20 

Area in m2 177 201 254 314 

Height in m 80 70 55.5 45 

Extra for air 3 3 3 3 
escape in m 

Total height in m 83 73 59 48 

hid 5.5 4.6 3.3 2.5 

11.6 Aeration of Continuous Blending Silo 
Annular space between silo and central cone is aerated 
by a large number of open air slides that receive air 
from a number of blowers. Since the area is large, 
aeration is done cyclically aerating small sectors at a 
time. 

Corresponding air slides in the central cone are 
aerated at the same time so that flow is maintained 
right to the discharge points. 
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Continuous 
blending silo ~ 

Outer aeration 

v = Vent air 

Control air compressor 

I 
.s:: 
~ 

~ ;:;:~=~i~r1~C.r-- Load cell bin o ~ 

One 
standby 

Fig. 11.4 Continuous blending and kiln feed systems aeration of bottom of silo and for extraction. 

See schematic arrangement of aeration blowers for 
this purpose. 
See Fig. 11.4. 

11.7 Discharge of Blended Raw Meal 
Continuous blending silo can be discharged from the 
side or from the bottom. 
See Figs. 11.5 and 11.6. 

In the latter case silo will be elevated above ground 
level and blowers and kiln feed arrangement would 
be installed under the silo. 
See Fig. 11.6. 

11.8 Venting 
Silo is vented through a bag filter mounted on top of 
the silo. Vent air will include: 

1. Conveying air of air lift, 

2. air admitted into air slides, 

3. air admitted for fluidisation in airslides at the 
bottom. 

4. air admitted for extraction air slides. 

11.9 Aeration and Fluidizing Blowers 
Unlike in batch blending where blending air is required 
to break through the entire height of material to reduce 
its density and start circulation. fluidizing air admitted 
in continuous blending is required to start the flow and 
break layers. Therefore pressure of blowers is smaller. 

Though blowers operate continuously, power 
consumption is lower than that of batch blending and 
storage system taken as a whole. 
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1 6 

-..,.-14 5 

1 Blending silo 
2 Areation air slide 

3 Discharge air slide 

4 Cut off gate 
5 Flow control gate 
6 Elevator 

Fig. 11.5 Extraction from blending silo and kiln feed - extraction from side - silo at ground level. 

/ .. ' .. , '. 

1 Continuous blending silo 

2 Extraction air slides 6 or more according to dia of silo 

3 Bin on load cells 

4 Flow control gate used as pre-feeder 

5 Weigh feeder/solids flow meter 

6Air slide 

7 Air lift 

8 Compressors & blowers for blending, aeration and for air lift 

9 Dust collector & fan for venting can be located conveniently 

To pre heater 

8 8 7 

Continuous blending silo - elevated above ground 

Fig. 11.6 Extraction and kiln feed under the continuous blending silo. 

It can be further reduced if an elevator is used to 
lift raw meal from raw mill department into the silo. If 
an elevator is used, a standby should be provided. The 
standby could be an air lift. 

11.9.1 Location of Blowers 
Blowers for aeration and fluidisation of the blending 
silo and also blowers for air lift for kiln feed would all 
be located under the silo. A 16 meter diameter silo 
would have an area of 200 m2 under it. Therefore the 
blowers can be easily accommodated under the silo. 

11.9.2 
Recommendations for blowers would be furnished by 
the Suppliers of the Blending equipment. 

11.10 Location of Kiln Feed System 
Even entire kiln feed system can be installed under the 
silo as shown in Fig. 11.6 and also as described in the 
next Chapter. 

11.11 
Layout of a continuous blending system and kiln feed 
under the silo is shown in Fig. 11.7. 
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CHAPTER 12 

12.1 Raw Mix Feed to Kiln 
For its operation kiln requires a steady feed of uniform 
quality, the rate capable of being adjusted to suit 
production levels. 

Kiln feed systems have been evolved from simple 
volumetric systems to gravimetric systems of a high 
degree of accuracy. 

Blending silos achieve uniform quality in terms of 
chemical composition and fineness in term of sieve 
analysis. 

Kiln feed systems are designed to achieve uniform 
steady rate of feed with a close degree of accuracy. 
The rate is adjustable in accordance with production / 
operational conditions of the kiln. 

12.2 Requisites of Kiln Feed System 
The feed system is thus required : 

1. To measure - volumetrically or gravimetrically 
raw mix being fed and to maintain it constant at 
a given setting. 

2. To increase / decrease rate of feed as demanded 
by operational conditions, the accuracy being 
maintained at the new setting and throughout 
the full range. 

Degree of accuracy varies with types of feeders 
used. It would be: 

± 1 % for weigh feeders. 

± 2 % for solids flow meters. 

± 5% for volumetric feeders like screws. 

12.3 Components of a Kiln Feed System 
In principle, a kiln feed system consists of : 
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1. A 'prefeeder' with a variable speed drive, which 

feeds the feeders. Prefeeder can be either a 

rotary vane feeder with close tolerances or a 

flow control gate. 

See Figs. 12.1 and 12.2. 

2. Feeder which meters the material passing 

through / over it and gives signals to the 

prefeeder to increase or decrease its speed to 

maintain the rate of flow at the desired setting 

within ± 1 or ± 2 % accuracy according to its 

design. 

Feeder can be a volumetric feeder (screw) 

or a gravimetric feeder (weigh feeder) or one 

which measures flow by impact (solids flow 

meter). 

See Figs. 12.1 to 12.3. 

Fig. 12.1 

1 Bin 
2 Rotary vane feeder 
3 Air slide 
4 Solid flow meter 

Solids flow meter as feeder; 
rotary vane feeder as pre feeder. 
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1 Bin 
2 Flow control gate 

3 Weigh feeder 

Fig. 12.2 Gravimetric feed system - weigh feeder as feeder, control gate as prefeeder. 

a b 

1 Bin on load cells 

2 Rotary vane feeder with close tolerances & variable speed drives 1 Bin 

3 Screw feeder -mostly round -single or twin with variable speed drive 2 Pivoted screw with close tolerance 
and variable speed drive 

Fig. 12.3 Volumetric kiln feed system - commonly used for firing coal in kiln and calciner. 

12.3.1 Variation of Rate of Feed 
For changing rate of feed, the feeder also must have a 
variable speed drive. The two are electrically coupled 
so that the change of setting of feeder also changes 
settings of prefeeder. 

12.3.2 Volumetric Feeding 
For volumetric feed, which is not common for large 
plants, the feeder with variable speed drive would be 
installed directly under the feeding bin. To maintain 
consistency of feed, the level of material in the bin is 
maintained at a constant height. 
See Fig. 12.3. 

12.3.3 Gravimetric Feeding 
In case of gravimetric feeders, Weigh feeders are the 
most common; they actually weigh through a load cell, 

the weight of material passing over the belt. Wide slow 
moving belts are preferred to narrow fast moving belts. 

Length should be long enough for deaeration and 
for forming a layer of uniform thickness so that load 

cell can be accurate and effective. 
See Fig. 12.2. 

12.3.4 Indirect Metering 
In case of solids flow meters, impact of material falling 
over a fixed height on a curved plate is used to 

determine the rate of flow. The accuracy of solid flow 
meter will be around ± 2% as compared to ± 1 % of 
weigh feeder. It can be affected by agglomeration of 
particles due to moisture. 

See Fig. 12.1. 
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12.4 Screw Feeders 
In case of volumetric feeders, tolerance between 
screw and casing needs to be very close. Screws -
mostly twin screws - run full and have variable speed 
drives. Screws have decreasing pitch to compress and 
de aerate material. Screws can be installed either 
directly under the bin or a rotary vane feeder can be 
used as prefeeder. 
See Fig. 12.3 a and b. 

Sometimes screws are, pivoted to gauge the rate of 
feed and there by give signal to increase or decrease 
its speed. However when there is no prefeeder, 
accuracy of screw feeder cannot be certain. 
See Fig. 12.3 b. 

12.5 Flow Control Gate 
This is actually a volumetric feeder where rate of flow 
is controlled by a rotor with a notch as shown. 

The flow control gate is electrically coupled to 
another flow control rate or a slide gate preceding it. 
It is also often used as a prefeeder to weigh feeders. 
See Figs. 12.4 to 12.6. 

Section "AA" 

1 Cut off gate 2 Flow control gate 

4 Solids flow meter 3 Drive - variable speed 

Fig. 12.4 Flow control gate for regulating feed -
used as prefeeder, 
solids flow meter as feeder. 

12.6 Bin on Load Cell and Calibration 
The bin receiving material from silo is invariably on 
load cells and can be used to calibrate the feeders. It 

helps to calibrate the weigh feeder. Calibration at 
regular intervals is very necessary to maintain 
accuracy of kiln feed systems. 
See Figs. 12.3, 12.5 and 12.6. 

Fig. 12.5 

5 

1 Bin on load cells 

3 Cut off gate 

5 Air slide 

2 Load cells 

4 Flow control gate 

6 Air lift 

Flow control gate alone used for 
kiln feed; 
feed regulated by air pressure of air lift. 

3 
~~zs:c:::::r( ~ 

1 Bin on load cells 

2 Flow control gate as pre feeder 

3 Weigh feeder (or) solid flow meter 

4 Air slide to air lift 

5 Flow control gate only as standby feeder 

Fig. 12.6 Flow control gate as pre feeder and 
standby feeder for kiln feed. 



In one kiln feed system, back pressure of air lift is 
used to regulate flow from the bin through flow control 
gate. 
See Fig. 12.5. 

12.7 Standby or Bypass 
A 'bypass' or alternative arrangement is also provided 
to maintain continuity of kiln feed should regular line 
go out of order. 
See Fig. 12.6. 

12.8 Bucket Elevators in Kiln Feed System 
Now belt bucket elevators are universally used to feed 
even 6 stage prheaters with heights going up to 
80-90 metres or more. 

A 'standby' for kiln feed elevator is always 
desirable. However a standby bucket elevator would 
be very expensive. Many times therefore an airlift 
would be used for this purpose. This is particularly so 
when an existing airlift is replaced by an elevator. The 
layout must therefore be suitable to feed bucket 
elevator and also standby elevator or airlift. 
See Fig. 12.7. 

3 

A 
Preheater tower 

B 
Pre heater tower 

A - Air lift to lift raw meal to preheater 

B - Bucket elevator in normal route 
air lift as standby 
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12.9 Venting 
Venting of various auxiliaries, bins, air slides, elevators, 
feeders is very important for maintaining steady feed 
rate. 

Dust collector is housed in the kiln feed building 
whether separate or under the silo. 

12.10 Housing Kiln Feed System 
Earlier kiln feed systems were housed in a separate 
building outside the storage silo. 
See Fig. 12.8. 

With continuous blending systems where silos are 
large in diameter, it was possible to install the entire 
kiln feed system under the silo by raising it and thus 
avoid the necessity of a separate building and also 
eliminate need to have equipment like bucket elevators 
to feed bins for weigh feeders. 
See Fig. 11.6 in Chapter 11. 

Arrangement of kiln feed system under a 
continuous blending silo has been shown in Fig 11.7 
in Chapter 11. 

1 Continuous blending silos 

2 Extraction air slides 

3 Bin on load cells 

4,5 Prefeeder & weigh feeder 

6Air slide 

7 Elevator for kiln feed 

8 Standby feeder 

9Air slide 

10 Air lift as standby 

Fig. 12.7 Kiln feed systems with air lift and bucket elevator. 
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Fig. 12.8 

3 8 

7 

1,2 Raw meal storage silos 
3 Kiln feed building 
4 Elevators 
5 Bin on load cells 
6 Prefeeder & weigh feeder 
7 Air lift 
8 Preheatertower 

Overall kiln feed system for batch blending and storage silo system. 



CHAPTER 13 

13.1 Heart of a Cement Plant 
Pyroprocessing section is the heart or core section of 
a cement plant and includes Preheater, Calciner, Rotary 
Kiln and Clinker Cooler as the major machinery units 
in it. Among the major auxiliaries would include coal 
firing systems for kiln and calciner; fans; clinker 
conveying systems and dust collectors. 

This section has seen major changes which have 
brought about sea changes in scales of production and 
in operational efficiencies. 

Whereas kilns have shrunk in size, individual 
capacities as high as 10000 tpd have been reached. 

13.2 Operational Efficiencies 
Specific fuel consumption has come down to less than 
700 kcal/kg as against 1500 kcal/kg earlier for wet 
process kilns. 

Specific power consumption had initially increased 
after the introduction of dry process and grate cooler. 
But due to substantial reduction in volumes of gases to 
be handled in the section and because of development 
of low pressure cyclones of the preheater, and 
because of significant changes in clinker coolers it has 
come down again. 

After introduction of calciners, capacities of kiln 
have increased two and a half times and more for the 
same size. 

13.3 Physical Changes and Appearances 
These developments have brought about changes in 
the layouts of the pyroprocessing section as a whole. 

Conspicuous are very tall preheaters and adjoining 
calciners with their tertiary air ducts which look like 
smaller kilns in parallel with the main kilns. 
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Main kilns are short and very small for their outputs. 
Clinker coolers have seen great developments. Original 
grate coolers themselves have seen several changes 
in design and layout; new designs like static grate, 
controlled flow grate, pendulum and cross bar coolers 
have almost replaced conventional reciprocating grate. 

Large dust collectors at kiln and cooler ends let out 
clean exhaust gases. Dust is conspicuous by its 
absence. It is hard to know if a plant is running or not 
by watching its chimneys. 

13.4 Kilns 
Construction wise kiln itself has not changed much 
except by way of sophistication of design of seals and 
use of better materials for tyres and rollers and gears 
and for heat resisting castings. 

Refractories used in kiln have seen similar 
developments. Basic and Magnesite bricks have 
replaced high alumina bricks in burning zones. Insulating 
bricks are now commonly used to reduce radiation 
losses. Castables are also widely used. Sp. consumption 
of refractories in kgs/ton of clinker produced has 
reduced considerably. 

13.5 
Against this background layouts of pyroprocessing 
section would be elaborated and detailed engineering 
would be explained as in previous Chapters. 



CHAPTER 14 

14.1 Preheaters in Wet Kilns 
Wet kilns had 'calciners' outside the kiln as preheaters. 
Their function was to reduce moisture in the slurry 
and achieve lesser fuel consumption. 

Wet kilns also had a chain system for almost one 
third of their lengths from feed end to reduce moisture 
and dry out the slurry and preheat it to temperatures 
where calcination could begin. Thus 'chain systems' 
were the first kind of preheaters which were part of 
kilns themselves. 

Chain systems were designed for efficient heat 
transfer. They consisted of combinations of garland 
and curtain chains. 'Density' of the chain system 
indicating weight of chains per metre length of kiln 
was a guide to their design and effectiveness. Since 
wet kilns were predominant for several decades, lot 
of effort was put in designing chain systems. However 
it is now history. 

14.2 Preheaters in Long Dry Kilns 
Initially a long rotary kiln was used to make cement by 
dry process. For better heat exchange, the kiln was 
fitted with stainless steel chains / lifters inside the kiln 
as in case of wet kilns. Only here their function was 
purely preheating. 

The length / diameter ratio of long dry kiln used to 
be 25-30: 1. Specific fuel consumption was 
1000-1200 Kcal/Kg. Temperature of gases leaving kiln 
was around 600-800 DC. Long Kilns had 4-6 supporting 
stations. 

In all respects it was like a wet process kiln except 
that it did not have to evaporate water and length was 
shorter to that extent. 
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14.3 External Preheaters 

PRE HEATERS 
LEPOL GRATE 

14.3.1 Travelling Grate Preheater 
Traveling grate preheaters external to the kiln were 
developed when cement industry switched over to dry 
grinding and dry blending operations. They are better 
known as 'Lepol Grates' . 

The process came to be known as 'semi dry' 
process because dry raw meal was converted into 
granules by adding 8 to 10 % water to it before feeding 
it to preheater. The Lepol preheater had to drive out 
this moisture and also raise temperature of granules to 
800 DC before feeding them to kiln. 

14.3.2 Cyclone Suspension Preheater 
Subsequent development was the 'cyclone suspension 
preheaters' which treated dry pulverised raw mix fed 
to them and preheated it to ~ 800 to 900 DC. Thus a 
full fledged dry process using short kilns came to be 
developed. 

Cyclone type suspension preheater with 4 to 6 
stages is the most dominant type of preheater used 
today. 

14.4 Lepol Grate Preheater 
Fig. 14.1 shows arrangement of semi dry process 
including a granulator, lepol grate preheater and rotary 
kiln. It also shows same Lepol grate used as cooler 
for cooling clinker. 

Kiln was required to do calcining and sintering only, 
1/ d ratio of kiln came down to 15-18: 1. 

Hot gases from kiln passed through a layer of 
granules on a traveling grate fitted with slotted plates. 
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Feed 
~ter 2nd pass 

1 Granulator 

3 Cyclones 

5 10 Fan 2 

2 Lepolgrate 

410 Fan 1 

6 Spillage conveyor 
8 Water spray 

118 4t-dlW=~ 
" 

7 Elevator to feed dust into kiln 
9 Recupol cooler 10 Clinker conveyor 

1st pass 

Lepol grate preheater 
Recupol cooler 10 

Fig. 14.1 Double pass Lepol grate and recupol clinker cooler. 

Water flow meter & regulator 

\ 
Raw material 

Fig. 14.2 Granulator - inclination and speed can be changed. 

To recover more heat, hot gases were passed again 
and again through the grate and (single pass / double 
pass) emerged cooled down to temperatures of 
180-200 0c. 
See Fig. 14.1. 

Another advantage of this grate was that the dust 
content of gases emerging was very low and in 1950s 
did not require a dust collector after the kiln. 

14.4.1 Noduliser 
Noduliser used to form nodules of raw mix feed was 
an inclined rotating pan, which received raw mix as 
well as 8-10% water spray. 
See Fig. 14.2. 

This noduli zing process required that the correcting 
materials had properties, which helped forming of 
nodules, and remaining in nodular form after water 
was evaporated. 

14.4.2 Kiln feed for Lepol Grate 
Kiln feed system required a slightly different 
arrangement. Raw mix extracted from the storage silo 
was metered and fed to the granulator. Speed of 
granulator was adjusted to suit rate of feed and to 
maintain size of granules made. Quantity of water was 
similarly metered and regulated. Granulator thus had 
a variable speed drive. Its angle of inclination could 
also be changed. 
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Spc~d of lepol grate was changed to maintain 
desired thickness of the bed of granules on the traveling 
grate. 

14.5 Fans in Lepol System 
Lepol grate needed two fans to handle kiln gases. In 
double pass grate, Lepol grate was divided into two 
sections. Hot gases from kiln were passed over 
granules into first section; taken out from it with the 
help of a fan. A set of cyclones cleaned gases of their 
dust content. Cyclones were arranged close to the lepol 
grate along its length. Fan delivered the gases back to 
the lepol grate for a second pass for further exchange 
of heat. Gases were drawn out of lepol grate by the 
second or i.d. fan and let out to a chimney direct as it 
used to be the case earlier; now they would be passed 
through a dust collector. 

14.6 Lepol Preheater Structure 
Because lepol grate is a horizontal traveling grate and 
it has to feed the kiln it is installed at a suitable height 
requiring a tall supporting structure. It needed hoppers 
at bottom to collect dust falling through the grate plates. 

A redler type chain conveyor collected the hot dust 
and an elevator returned it to the kiln. Elevator had to 
be specially designed to handle very hot dust with 
temperatures between 600 to 800 dc. 
See Fig. 14.1. 

14.7 Problems with Lepol Grate 
The grate and its chain which had to withstand high 
temperature + 900 DC, required frequent maintenance 
and in such a long grate maintaining sealing was a 
constant problem. These disadvantages went against 
Lepol grate particularly when Cyclone preheater which 
had no moving components was developed. 

14.8 Operational Efficiency 
Fuel consumption came down from 1300-1500 KCalIKg 
in wet process to ~ 1000 KCal/Kg. 

Sp. power consumption on account of fans to draw 
gases through kiln and grate was lower than in case of 
cyclone preheater. 

Its main advantage was very low dust loss in 
exhaust gases due to granular feed. In fifties and also 
till eighties lepol grates were without any dust collectors. 



CHAPTER 15 

15.1 Cyclone Preheaters 
Cyclone pre heaters, came to be developed by almost 
all cement machinery manufacturers though pioneers 
were Humboldts of W. Germany. Polysius also of W. 
Germany and FLSmidth of Denmark were other 
prominent designers with KHD and Polysius leading 
the field till 70s or so. 

Their respective licensees - for example Fuller in 
USA and Mitubishi in Japan - took the development 
further. 

There has been considerable development in the 
design of cyclone preheaters. 

4 stage preheaters are now replaced by 5-6 stage 
preheaters mainly on account of development of low 
pressure drop cyclones. 

Fuel consumption has come down to 700 KCal/Kg 
and less. Pressure drop in 6 stages is now less than 
that in 4 stage preheaters of vintage design. 

15.2 Design and Operation of Preheaters 
Basically all preheaters operate on the same 
principle. Heat exchange takes place in each stage 
when raw meal fed in the connecting duct travels 
in suspension with hot gases from lower stage to 
inlet of upper stage. 
See Fig. 15.1. 

Various Cement Machinery manufactures have 
their own designs of cyclones i.e., geometry of 
cyclone, raw meal feeding arrangements, 
immersion tubes, duct geometry etc. However, in 
course of time there has been a kind of 
convergence of many designs so that performance 
wise they have come very close to one another. 
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3 

2 

1,2,3 Cyclones all but top stage are refractory lined 

4 Connecting duct between cyclones 

5 Feed point for raw meal from upper stage 

6 Raw meal pipe to feed lower stage 

Heat exchange takes place in inter connecting duct 

Fig. 15.1 Cyclone preheater basic elements. 

Among the commonly found design features are : 

1. Top Cyclones are taller, cylindrical height / 
diameter ratio being 1.75-2. 

2. Proportions of width / depth of inlet area are 
generally 1 to 2. 

3. Bottom 2-3 stages have double cones for 
preventing choking. 
See Fig. 15.4. 

4. Out going ducts are round and meet the 
rectangular duct from upper cyclone as shown. 
See Figs. 15.2, 15.3 and 15.6 & 15.7. 

5. Slopes are such as to prevent accumulation of 
dust. 
See Figs. 15.3, 15.5. 
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D Effective dia inside brick a x b - clear inlet opening 

c Clear dia of raw meal pipe 

o Angle of cone degrees 

H1 Height of cylindrical portion 

H2 Height of cone L Total height of cyclone 

h Height of immersion tube d Clear dia for gas outlet 

Fig. 15.2 

Fig. 15.4 

Proportioning of cyclones. 

Cones of cyclones 

81 = 50°- 60" 
02 = 30° 

Double cone for bottom 2 stages 
to prevent jamming. 

6. Even the volute portion is slanted to prevent 
accumulation of dust. 
See Fig. 15.2. 

7. Velocities at inlet are between 20-22 m/sec, for 
bottom cyclones and progressively reduce to 
14-16 m/sec, for top cyclones. 

8. Velocities at outlet are lower than inlet velocities. 

1 Round duct from cyclone outlet 

2 Rectangular duct to cyclone inlet 

Fig. 15.3 Preheater cyclones common features. 

Material accumulates 

or more 

x ./ 

Fig. 15.5 Layout of ducts and pipes 
(aviod horizontal lengths at bends) 

9. Pressure drop in 4, 5 and 6 stage preheaters 
only would be ~ 350, 400 and 450 mm wg. 
respectively. 
See Fig 15.9. 

15.2.1 Low Pressure Drop Cyclones 
Emphasis on lower pressure drops without sacrificing 
efficiency have brought about various developments 
in cyclone design. 



Fig. 15.6 

(1)<11 
Round Rectangle 

Conversion round to rectangle 
and rectangle to round. 

__ ..J 

i'---D----tI 

H2 

a - Width of inlet 
b- Depth of inlet 
d- Dia of outlet 
e -Angle of cone 

D - Clear dia of cyclone inside brick lining 

H 1 - Height of cylindrical section of cyclone 
H2 - Height of conical section of cyclone 

c - Dia of raw material chute H - Total height 

h - Height of immersion tube 

~ Are different for 
~ different manufacturers 

Fig. 15.8 Proportions of preheater cyclone. 

Top and bottom cyclones are required necessarily 
to be more efficient; bottom cyclone, to reduce 
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Rectangle/square 

~~aterial 
~ccumUlates 

Gradual slope 
./ 

Sharp slope 
X 

Fig. 15.7 Avoid ledges when converting from 
round to rectangular/square shape. 

~p = Pressure drop across each stage of preheater 

Fig. 15.9 pressure drop across one stage 
of cyclone. 

circulating load at kiln inlet and top cyclone, to reduce 
dust loss with exhaust. 
See Fig. 15.8. 

15.3 Immersion Thbes 
Immersion tubes influence the dust content in gases 
leaving the cyclone. 
See Figs. 15.10 and 15.11. 

1. Longer tube reduces dust loss but increases 
pressure drop in the cyclone. 
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c-"- ) 

\1\1111111\1\ 1 1 
d 
2 

.r::. 

Fig. 15.10 Immersion tubes. 

d 

a 
2 .r::. 3 

.0 

1 1111\1 
1 Hanging refractories of roof 
2 Immersion tube 

d - Clear diameter outlet duct I immersion tube 

I 
h - Effective height of immersion tube differs from 

stage to stage -
cyclone design to design 

1 Outlet duct 2 Immersion tube 

a - Dia of immersion tube 

b - Clear height of inlet of cyclone 

d - Clear dia of outlet duct 

h - Clear height of immersion tube 

Greater h/b, greater efficiency i.e., 

3 Cyclone 

reduced dust loss but higher pressure drop 

h/b >1 for top cyclone 

h/b < 0.5 for intermediate cyclones 

Fig. 15.11 General arrangement of immersion tube. 

Fig. 15.12 Immersion tube with taper. 

2. Some designs of immersion tube have a slight 
taper. 
See Fig. 15.12. 

3. Immersion tubes of top cyclones are sometimes 
fitted with vanes to streamline flow out of the 
cyclone so that dust loss is reduced without 
increase in loss of pressure. 
See Fig. 15.13. 



4. In one design immersion tube is opened up to 
reduce circulation. 
See Fig. 15.14. 

5. Temperatures are the highest in bottom cyclone -
between 850 to 950°C and hence life of 

Fig. 15.13 Immersion tube with vanes reduce to 
pressure drop for top cyclone. 

Riser pipe 

Min.12 mm steel plate 
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immersion tube is short. Tubes made of ceramic 
material have been developed for this location. 
They are made of interlocking ceramic pieces. 
See Fig. 15.15. 

Fig. 15.14 Opened immersion tube. 

Fig. 15.15 Ceramic immersion tube for bottom cyclone of preheater. 



144 Section 6. LAYOUTS AND DETAILED ENGINEERING 

15.3.1 Installation of Immersion Tubes 
Immersion tubes need to be replaced in all cyclones 
now and then. 

Different manufacturers have different designs to 
facilitate replacement. In some designs the tube is made 
in two vertical halves and bolted. 

In most designs immersion tubes just rest on the 
top plate of the cyclone. 
See Fig. 15.11. 

Sealing needs to be provided around it. The cyclone 
outlet is a round duct and there is an expansion joint 
immediately after the cyclone. Weight of the duct 
between two stages of cyclone is taken on the floor 
between the cyclones. Hence no load comes on the 
expansion joint. 
See Fig. 15.44. 

15.4 Refractory Lining of Cyclones 
All cyclones and interconnecting ductings are lined with 
refractory, except for the top stages where temperature 
are less than 350°C. 

In case of 4 stage preheater, temperature of gases 
leaving preheater would be :::: 350°C and in case of 
6 stage it would be :::: 270°C. 

15.5 Raw Meal Pipes 
Material collected in a cyclone is conveyed to the 
connecting duct from the cyclone below it by a raw 
meal pipe. These pipes are either made of heat resisting 
material or are lined with refractory I castable because 
of high temperature of raw meal. This pipe has an 
expansion joint and also a single I double pendulum 
flap valve in it to prevent short circuiting of gas circuit 
between two cyclone stages. Sharp bends in the pipe 
should be avoided to ensure smoth flow. 
See Figs. 15.16 and 15.17. 

15.5.1 Pendulum Flaps 
They are single and double. They are required to with -
stand high temperatures and hence are made of heat 
resisting material. Fig. 15.18 shows typical designs, 
location and material for single and double pendulum 
flaps. 

15.6 Preheater Tower 
The preheater is installed in a structure called preheater 
tower mentioned earlier. When preheaters had 4 stages, 

towers used to be :::: 40 meters tall. Now with 6 stages 
and with capacities of single stream preheaters going 
up to 4000 tpd, towers have reached heights of 
80 meters and higher. 
See Fig. 15.19. 

In the past or early stages of development, single 
stream preheaters were used upto 2000 tpd capacity 
only. Beyond that twin stream preheaters were used. 
Polysius design has been practically a two stream 
preheater from the beginning. Therefore, it suited well 
for larger capacities. 

15.6.1 Two Stream Preheater 
Two stream preheaters are used to reduce height of 
preheater tower. While floor area would increase height 
could be reduced considerably. 
See Fig. 15.20. 

15.7 Calciner and Preheater Streams 
After the introduction of ca1ciner kiln capacities 
increased dramatically requiring larger cyclones. 
Gases could be divided in to two streams one passing 
through kiln and other through calciner. 

About 40 % of total gases passed through kiln 
stream and 60 % through ca1ciner stream. 

Because of the difference in quantities of gases in 
these two streams preheaters required for them were 
also dissimilar in size. They required towers of different 
sizes. Such dissimilar preheaters could also be housed 
in one tower. Design of such a tower would be difficult 
as it would have floors and heights at different levels 
for two streams. 

When using two streams of dissimilar preheaters, 
it is possible to arrange them in line with kiln. 
See Fig. 15.51. 

In some designs gases from kiln and calciner were 
combined and divided equally between cyclones of a 
twin stream preheater. 
See Fig. 15.22. 

Civil design for such tall structures have to take 
into account, load bearing capacities of soil, wind loads, 
earthquake factors - depending on the location of the 
plant. 



-Single/double 
pendulum 
flap valve 

Cyclone cone 

Expansion joint 
"1t=i5i!!!!!!==tt 2 heat resisting 
~ stainless steel 

Fig. 15.16 Raw meal pipe between cyclones. 

Fig. 15.17 Raw meal pipes between preheater 
cyclones - sharp bends to be avoided. 

15.8 Calciners 
Ca1ciners are of Two Types: 

1. In Line. 

2. Off Line. 
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c 
C 

Duct connecting cyclones 

1 Cyclone of upper stage 
2 Expansion joint 
3 Raw meal pipe 
4 Pendulum flap valve 
5 Feed box 

c = To suit cleardia of cyclone hopper outlet 
C = Outeldia of raw meal pipe 
t = Thickness of castable 
e = > 60-700 

In line ca1ciner is best suited for a single stream 
preheater or a twin stream preheater with identical 
cyclones in both streams or Polysius type preheater. 
See Figs. 15.21, 15.22 and 15.23. 

Off line ca1ciner is suited for all types of preheaters. 
It is suited for 'twin stream' preheater and it is also 
suited for preheaters with different sizes of cyclones 
for kiln and ca1ciner streams. 
See Figs. 15.24, 15.25 and 15.26. 

15.9 Features of Preheater Towers 
Preheater tower - layout wise is to be designed to : 

1. House and support all cyclones and inter 
connecting ducting. 

2. Support down comer duct. 

3. House ca1ciner (sometimes). 

4. Provide enough elbow room for taking out and 
installing refractories. 

5. Provide access to tops of cyclones to attend to 
sensors for temperatures / draughts, to manholes 
/ inspection doors, to expansionjoints, raw meal 
feed pipes and pendulum flap valves. 

This can be by way of steel platforms and 
ladders or additional floors may be added in 
concrete structure itself. 
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sketch size temperature construction no.S dimensions lining 
(mm) °c 

~ 300 350-400 Flaps - 309 SS 2 300 x 700 Double 
Housing - MS. pendulum 

Below twin cyclone 

~ 
Housing is lined with 65 mm thick. 

300 550-650 Flaps - 309 SS 1 300 x 700 Double Refractory bearings to be 
antifriction and protected from 

Housing - MS. pendulum 
heat 

Below II nd. stage 
cyclone 

~ Housing is lined with 65 mm thick. 

300 700-800 Flaps - 309 SS 1 300 x 700 Double Refractory bearings to be 

Housing - MS. pendulum antifriction and protected from 
heat 

Below III rd. stage 
cyclone 

~ Housing is lined with 65 mm thick. 

500 900-1000 Flaps - 316 SS 1 500 x 1000 Single Refractory bearings to be 

Housing - MS. pendulum antifriction and protected from 
heat 

Below IV tho stage 
cyclone 

Fig. 15.18 Typical single and double pendulum flap valves in preheater. 

6 Stage 5 Stage 

1 Kiln 2 
2 Four stage preheater tower height h1 
3 Five stage preheater tower height h2 
4 Six stage preheater tower height h3 
5 Preheater fan 
Top stage cyclones in open 

Fig. 15.19 Single stream preheater - 4 to 6 stages. 

1 Regular two stream pre heater with 
identical two streams 

2 Polysius preheater with 2 & 1 cyclones 
Top stage - one or twin cyclones 

Fig. 15.20 Twin stream preheater. 



Fig. 15.21 

1 Kiln 
2 Inline calciner 
3 Bottom cyclone 

4,4 Cyclones- 2nd stage 

5 Cyclone- 3rd stage 

In line calciner on Polysius 
type preheater. 

c:::=_--,-F...,ro<.:.;m:.:..cooler 
Coal 

1 ,2 Bottom two stages preheater cyclones 
3 In line calciner 
4 Kiln 

Fig. 15.23 In line calciner-single stream preheater. 

Fig. 15.22 
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1 Kiln 

21nlinecalciner 
3 Bottom cyclone of 

twin preheater 
4 Second stage cyclones 

of twin pre heater 

In line calciner with twin (identical) 
stream preheater. 

5 

3 

1 to 5 Five stage preheater 

7 Off line calciner 

6 Preheaterfan 

8 Kiln 

Fig. 15.24 Off line calciner 1-stream preheater 
(shown 5 stage) 
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6. Stairs with hand railing and landings to go from 
ground floor to top. 

7. 'Lift' to carry workers and materials for 
maintenance purposes. 

With heights of towers equaling that of 25-30 
storied buildings, lift is a necessity. 

1.2 Cyclones of twin stream preheater 
3 Kiln 4 Calciner 

Tower for two streams of identical size, 
can have identical areas & floor levels. 
System can have 1 or 2 P.H.Fans. 

Fig. 15.25 offline calciner with a twin 
stream preheater. 

15.9.1 Preheater Fan 
Preheater fanls would generally be installed on the 
ground floor inside the tower. Thereby driving motor 
is also protected. 
See Figs. 15.27 and 15.28. 

15.9.2 En Mass Conveyor 
When a bucket elevator is used, to save on height of 
an already tall elevator, 'en mass' conveyor with rotary 
air lock is used to feed raw mix to preheater to reduce 
the height of the elevator. 
See Fig. 15.29. 

15.9.3 Chimney Alongside Preheater Tower 
Since chimneys are required to be tall for dissipation 
of dust over a wide area, it was common practice to 
support the chimney also along the tower. 
See Fig. 15.30. 

C 

1 to 5 Five stage preheater 
6 Kline P.H. fan 7 Cline P.H. fan 
8 Off line calciner 9 Kiln 

K Kline 5 stage preheater 
C Cline 5 stage preheater 

(C line bigger than K line according to division of fuel) 

Fig. 15.26 Off line calciner on two unequal 
stream preheater. 

Supported like this the chimney has to be taller than 
the preheater by 4-5 meters though in principle when 
an ESP or a bag filter is used, the dust emission is so 
low that the height arrived at by using formula evolved 
by Central Pollution Control Board would not exceed 
30 meters. 

It is not uncommon now to find self-supporting 
chimneys installed at a distance from the preheater 
tower. This simplifies ducting layout. 
See Fig. 15.31. 

15.9.4 Provisions in Preheater Towers 
Preheater tower should also provide for : 

(i) Lifting arrangements for lifting cyclones / bricks 
etc. (particularly necessary when lift has not 
been installed). 



(ii) Chute for dropping down rubbish. 

(iii) Compressed air connections for cleaning and 
for air blasters. 
See Fig. 15.32. 

15.9.5 Staircase in Preheater Tower 
Positions of staircase may change from floor to floor 
according to elbow room available because of ducting. 
Cyclones are not in a vertical line and their positions 
on each floor are different. The dimensions of 

a 

4 

5 

b,d,f 

'!~ I 

a,c,e 

~9 
Sliding support Fixed support 

Figs. 15.27 & 28 Layout of down comer duct 
and preheaterfan. 

B 

3 
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A - Height of elevator when discharge 
chuted to preheatercyclone 

B - Height using en mass conveyor 

1 Pre heater tower 
2 Top cyclone of preheater 
3 Elevator 4 En mass conveyor 
5 Rotary air lock 

Fig. 15.29 Feeding preheater with bucket elevator. 

, 
.c: ""[1;1 2 

T vv 

3 

1 n 

~14 
1 Preheater tower 

3 Down comer duct 
5GCT 
7 ESP fan 

5 

-
..... 

A 

~l 

....J 

~ 
~ 

V 8 61< 
/H 
l/ ~ 

1~'1~ 
2 Top stage cyclones 
4 P. H. fan 
6 ESP 
8 Exhaust gas chimney 

H - Height of preheater tower 
h - Height of top cyclone & down comer duct 
L - Height of chimney = H + h + 5 m from ground level 

Fig. 15.30 Kiln-mill exhaust chimney supported 
from preheater tower. 
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1 

3 

4 

5 6 

1 Preheater tower 
3 P. H. fan 

5 Raw mill (VRM) 

7 ESP fan 

2 Down comer duct 
4GCT 

6 ESP 

8 Self supporting chimney 

Fig. 15.31 Self supporting chimney at a distance from P.H. tower. 

1 -
/' -~ II 0: 

~ ~ 
In 'I: 

3 \.../4 r-
'I: 

~ 

n'l: 
\.../ 

r-
'I: 

~ In ~ 
\.../ 

'" 

r-

Elevation 

12 

-, 

Garbage chute 

compressed air pipe 

Valve 

Flex~le connection to blaster 

At each floor 

300 

Flap 

I I 
Garbage chute I 

Fig. 15.32 Facilities in a preheatertower. 

1 Lift Yz ton capacity for materials 

2 Lifting tackles for load 1T capacity 

3 Compressed air pipe line for air blasters 

4 Garbage chute 



I . 
-G-~ 

I 

-

Kiln 

Twin cyclone 
top stage 

t Top floor 

Well for 
lift 

Cyclone 
2nd stage 

7th floor 

Cyclone 
3 rd stage 

, 6thfloor 

Cyclone 
4th stage 

5th floor 

Cyclone 
bottom stage 

,4th floor 

Calciner 

3 rd floor 

Calciner 

2ndfloor 

Fig. 15.33 Stairs on different floors of a preheater 
tower to suit positions of cyclones. 

Cyclone Preheaters 151 

preheater tower are determined by the extreme position 
of cyclones on each floor. They should be such as to 
leave a clearance of 500-750 mm between cyclone 
and edge of building. 
See Fig. 15.33. 

It may be possible to keep staircases in same 
position on all floors by keeping them outside the 
building. The dimensions of the tower could also be 
reduced in this arrangement. 
See Fig. 15.34 and also Fig. 15.54. 

Fig. 15.53 shows a tower where stairs are in line 
but inside the tower; this has resulted in a wider tower. 

15.10 Top Cyclones and Ducting 
It is best to keep top cyclones in the open and not have 
a roof over them. Many a time the top cyclones have 
been replaced by bigger cyclones to increase capacity 
by 15-20%. 
See Figs. 15.35 and 15.36. 

E 

1 Preheater tower 2 Lift 

3 Staircase - steel - 1 m wide 4 Landing 

5 Cantilever to support staircase & landing 

Staircase outside can reduce dimensions of 
preheater tower 

Fig. 15.34 Staircase outside the building. 

The top ducting needs special attention for 
supporting it because duct expands in operation and 
hence supports should be so designed that they always 
take load of the ducting hot or cold. 
See Fig. 15.37. 

15.11 
The Suppliers should furnish layout of preheater tower 
and calciner. 
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Consultant should integrate it with raw mill section, 
coal mill section, blending and dust collector. 

As has been mentioned earlier, room must always 
be kept for expansion. 

No roof over top stage 

1 Preheater tower 
2 Top stage-twin cyclone 
3 Down comer duct 

Fig. 15.35 Top cyclone - above top of tower. 

15.12 Calciner to be Installed Later 
When kiln does not have a ca1ciner, room should be 
kept for a 2nd tower of bigger size; See Figs. 15.38, 
and 15.39 and when first kiln has a ca1ciner, for the 

2nd production line. 

See Fig. 15.40. 

... -.... 
I 4\ 

I , 
I , 

I , 
I , 

I , 
I , 

I \ 
I \ 

5 

1 Original twin cyclones 

2 Original down comer duct 

3 New larger cyclones 
4 New down comer duct 

5 Preheater tower 

Top Cyclones in open facilitates: 
(i) Installing bigger cyclones 
(ii) Adding one entire stage of preheater 

Fig. 15.36 Top Cyclones in open. 

Support spring loaded so it always carries load even after expansion of duct 

1 Top twin cyclones 2 Down comer duct 3 Duct support 

Fig. 15.37 Support of down comer duct at top. 



Adding 5th stage to 
existing stream 

Calciner --1-+-1 

v 

New preheater stream - 5 stage 

Ta duct 

2nd stream preheater 

6 

Fig. 15.38 Expansion with 2nd stream preheater 
Adding one stage to existing preheater. 

D 
A - New preheater tower - at side 

or 
B - Over klin 

1 Existing preheater tower 

5 

4 

2 

2 Klin 
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1 P. H.Tower Kline 
2 P. H. Tower Cline 
3 Kiln 
4 Cooler 
5 Dust chamber 
6 TAduct 

7,8 P. H. fans 
9 Calciner 

3 
- -- - --t-

3 Cooler 

Fig. 15.39 Expansion with 2 stream preheater - location of new preheater tower. 

Factors which indirectly affect the preheater tower 

design are: 

1. Type of ca1ciner- its dimensions - height etc. 

2. How the grate cooler has been installed. 

An inline ca1ciner needs bottom cyclone to be at a 
much greater height above the kiln than an off line 
ca1ciner. 
See Fig. 15.41. 
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Future kiln 

_-T""_~of Iilln 

o 

2 4 
1 Preheater tower 

2 Kiln 

_-,--_~f kilo 

~ 
----2--+~1------4--~ 

1st kiln 

3,3a Second tower added later 
4 Cooler 
50edusting 

3a 
C - Centre line between kilns 

Fig. 15.40 Centre line between kilns should allow expansion by 2nd tower of preheater & calciner or 2nd kiln. 

Cyclones 

~ 
CC 

BB f In line calciner 

Fig. 15.41 In line calciner - impact on height of preheater tower. 

In case a calciner is contemplated at a later date, 
the preheater tower should have room provided for it 
and beams and columns should be designed to take 
additional load. 

A long riser duct can be replaced by an inline 
ca1ciner and many small plants have therefore installed 
bottom cyclone at a considerable height. 
See Fig. 15.42. 

An off line calciner can be installed either within 
the tower or outside it. 

RSP ca1ciner is installed at a higher level because 
it has a mixing chamber / mixing duct which joins the 
riser duct from the kiln. Its feed for raw meal and coal 
are also from top. It is necessarily installed within the 

preheater tower and hence the tower is to be designed 
to take load of ca1ciner also. 
See Figs. 17.11 and 17.12 in Chapter 17. 

Thus more careful planning of preheater tower 
design is required if a calciner is to be added later in 
the same tower. 

Because of diverse designs of ca1ciners, it is 
necessary to decide initially only, which calciner would 
be installed. 

15.13 Grate Cooler and Preheater Tower 
Grate cooler with all its auxiliaries, hoppers, drag chain 
for spillage and deep bucket conveyor under it, takes 
a considerable amount of head room. Height of tower 
above ground level depends on how cooler is installed. 



1 Kiln 

Fig. 15.42 

2 Kiln inlet housing 

1 
£. of kiln 

3 Riser duct 

Riser duct is replaced by a calciner in 
case of kilns with in line calciner. 

Various options are : 

1. Deep bucket conveyor on ground level- height 
of tower maximum. 

2. Spillage drag chain at ground level. 

3. Clinker breaker on ground level- height of tower 
minimum. 

From maintenance angle it is desirable to have at 
least spillage drag chain at ground level, which is a via 
media solution between two extremes. 
See Fig. 15.43. 

Cyclone Preheaters 155 

15.14 Cyclones in Tower 
Cyclones and ducts rest on beams on each floor, they 

are not bolted. Auxiliary or secondary beams should 

be located to support cyclone and duct loads at 3 or 4 

points. Loads should get transferred to vertical 

columns. 

See Fig. 15.44. 

15.15 
From point of view of allocating responsibility, it is best 

to obtain preheater / calciner / kiln from same suppliers 

though technically it is feasible to have them of different 

designs. 

If this concept is agreed upon, the Supplier may be 

asked to provide drawings of tower showing calciner 

in position. 

In this way relative heights of floor, beam spacing, 

their locations and sizes can be arrived at logically and 

no problems would be faced at a later date when 

installation of calciner is taken up. 

15.16 Design of Cyclones for Final Capacity 
However there can be a problem which should be 

looked into for a single stream preheater when capacity 

is increased by adding a calciner. 

First option is to install cyclone to suit the initial 

output of kiln without calciner. 

It will be almost impossible to pass through the 

existing stream volumes more than 2.5 times the original 

even if cyclones are modified. Preesure drop across 

the stream would be very high. 

A 1000 tpd capacity Kiln without Calciner, will have 

a capacity of 2500 tpd Kiln with Calciner Sizes of 

cyclones in a single stream 5 stage preheater cyclones 

for the two capacities would be 

diainm 

1000tpd 

top stage twin cyclones 3.2 

2,3, and 4th stages 4.8 

bottom stage 4.9 

dimensions clear inside refractory 

2500tpd 

5.0 

7.5 

7.6 
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h 

1 dbc at ground level
height of tower maximum 

2 Spillage drg chain at ground level 

3 Clinkerbrackerat ground level -
height of tower minimum 

Fig. 15.43 Height of preheater tower in relation to cooler layout. 

1 Preheater cyclone 

3 Support for cyclone 

2 Connecting duct 

4 Plate/ring fixed on floor to permit movement 

6 

5 Support for duct 6 Plate/ring fixed on floor 

7 Expansion joint 

Fig. 15.44 Support for connecting duct between 
preheater cyclones. 

(Specific fuel consumption 800 kcal / kg; calorific 
value of coal 4000 kcal /kg; air lift for kiln feed) 

To some extent the pressure drop could be reduced 
by enlarging inlets of cyclones and outlets and down 
comer duct. 

In the second option if a preheater of single stream 
is desired then cyclones should be installed from the 
beginning for capacities after precalciner i.e., 2500 tpd. 
However, during the period kiln is running at 1000 tpd, 
gas volumes would be low and hence cyclone 
efficiencies would be poor. This disadvantage can be 
overcome to some extent by 'bricking' up the area at 
inlet and outlet to maintain correct (or as near correct 
as possible) velocities. 

Preheater fan may be installed for final capacity 
and run at lower speeds or preheater fan can be 
replaced at a later date when calciner is installed. 

Down comer duct will have to be changed if 
installed to suit original capacity. 

15.16.1 Calciner in Small Plants 
It is thus seen that small plants, which have a potential 
for upgradation, but can do so only phase wise, need 
to be planned more carefully to leave room for future 
additions. 

15.17 Increasing Number of Stages 
In upgrading old plants - 4 stage preheaters are 
converted into 5 stages. 

Depending on whether the tower is generously 
designed, the additional load can be taken on the tower 
but is required to be transferred direct to main beams 
and columns. 
See Fig. 15.45. 
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B 
A 

A - Case in which top stage under roof, height h is fixed 

B - Top cyclone above roof 
h1 - Required for large cyclone can be easily done 

Fig. 15.45 Adding a stage - much easier with top cyclone on roof. 

I 

A 
l ~ _ ./ New twin cyclone 

r -,--v 

ff ::r ::?t: i 11---"1 
II V V II Adding 
II II to height of tower 
II 
11~.....Jpo,or-+-"",,[]i"'-"'::"""'=-....L 

New cyclone 
II 
II 
HI+----+Itt----New steel coulmns 

II 
II 
II 

" II 
II 

Existing 
tower. 
RCC 

I r---.. Steel columns from 
II ground level to support 
II weight of cyclones 
II 
II 
II 

Fig. 15.46 Adding of extra stage when existing 
tower can not take load. 

If the preheater tower design is not known or there 
is doubt about the margins available in design, it is best 
to support the load from the ground by a new set of 
steel columns. 
See Fig. 15.46. 

Thus it is a good idea to have a tower generously 
sized and designed to take additional loads in future. 

15.18 New Tower for Increased Capacity 
These problems of expansion with calciner can also 
be solved by scrapping an existing tower and by 
installing a new tower to house new preheater of the 
size suited for capacity of kiln with precalciner. The 
existing cyclones are scrapped. This is an expensive 
solution but more efficient in operation. 
See Fig. 15.47. 

To reduce 'down time' to a minimum, it would be 
better to house calciner in the new tower. Cyclones 
would have to be installed in the new tower at a high 
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4 

4 Stage 

5 1 6 Stage with calciner 

b h 

B 

1 Four stage preheater 2 Kiln 3 Calciner 

4 New 5/6 stage preheater of expanded capacity 
a Calciner in old tower to be scrapped 
b Calciner in new tower 

A - Existing preheater tower to be scrapped 

B - New preheater tower larger capacity 
and no. of stages 

Height h - very high to get proper slopes 
in ducts and raw meal pipe in bottom stage 

Fig. 15.47 Expansion with a new stream preheater 
and calciner-rejecting existing-system. 

level for connecting ducting from kiln. This arrangement 
would need minimum down time but is still expensive. 

15.19 Second Stream of Preheater 
A more economic solution is to install a 2nd stream of 
preheater and a ca1ciner. It can be installed by the 
side or above the kiln as shown. If the design of tower 
permits it, number of stages in first stream can also be 
increased side by side. 
See Figs. 15.26, 15.38 and 15.39. 

Location A is preferred provided there is space on 
the side of the kiln. 

Location B is adopted when A is not possible. It 
would generally interfere with foundations of columns 
of the existing preheater tower and also kiln pier. 

In this solution, new preheater can be installed with 
5 or more stages. Cyclones would be smaller only 1.5 
times more in capacity instead of 2.5 times in case of 
1 stream pre heater. 

There is no down time except for hooking up; 
existing stream does not get disturbed at all. New 
preheater will have its own fan and own dust collection 
system. 

If first stream can also be upgraded, plant would 
be as efficient as a new single stream 5 or 6 stage 
preheater. 

15.20 Horizontal Cyclones 
Mention should be made of horizontal cyclones. These 
are introduced in intermediate stages to save height of 
preheater tower. However their use has not been wide 
spread. 
See Figs. 15.48 and 15.49. 

15.21 Air Blasters 
In spite of all the developments in design of cyclones 
which have been aimed at efficient separation and 
collection of material from air stream and its smooth 
discharge to the stage below, it happens many times 
that thick coatings are formed on the walls of ducts 
and material gets accumulated in cones of cyclones. 

In the bottom two stages these coatings are often 
due to condensation cycles of alkalies and chlorides. 
When alkalies and sulphates are not balanced this 
phenomenon occurs repeatedly. 

Therefore to clear the accumulated material in ducts 
and cones, compressed air is used in periodical blasts 
through air blasters fixed at locations found to be prone 
for this trouble. Air blasters are supplied with 
compressed air from a compressor and a pipeline all 
along the preheater tower. 
See Fig. 15.50. 

When the trouble is severe and frequent, 
compressed air is used regularly regardless of actual 
jamming. 

It is difficult to predict where jamming could occur. 
Therefore locations are fixed only after actual 
operational experience. 
See Fig. 15.50. 



Fig. 15.48 Horizontal cyclone for preheater. 

Saves height of 
pre heater tower 

1 Bottom cyclone 
2 Second stage 
3 Horizontal cyclone - 3rd stage 
4 Horizontal cyclone - 4th stage 
5 Top - twin cyclones 

P.H. Fan 

Kiln 

Fig. 15.49 Incorporating horizontal cyclones 
in a preheater system 
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Gas 

--
4 I 

Compressed 
air linE!...-- 1...--II---+-lR 

Section of duct & bla~ 
1 Kiln 2 Riser duct 

4 Second cyclone from bottom 

~ 

\ 

I 

3 Bottom cyclone 

5,6 Air blaster 

7 Ring to detect blocking of cyclone outlet 

Fig. 15.50 Use of air blaster in preheater. 
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15.22 Alkali Bypass 
When raw materials have alkalies in excess of 3 % 
and chlorides in excess of 0.03 %, the cycles of 
evaporation and condensation resulting in thick and hard 
coatings mentioned above make operation of the 
preheater kiln difficult. 

Part of the kiln gases are extracted from the riser 
duct of the kiln to resolve this problem. Gases so 
extracted are cooled and passed through a dust 
collector and are re-introduced into the system at a 
higher level. Some times gases are vented out 
altogether. 

Flow Chart 4.1 and 4.2 in chapter 4 of Section 
1 show bypass systems mentioned above. 

This is the only draw back of a preheater kiln. By 
pass system increases fuel consumption 

In case of c1aciner kilns, the problem is greatly 
reduced because only 40 % of gases go through kiln. 
Cost of installation of a bypass system is greatly 
reduced and increase in fuel consumption is much less. 

15.23 
Departmental layouts of preheater and calciner shown 
in Figs. 15.51 to 15.54 would help to illustrate the 
various points made above. 
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Fig. 15.52 Single stream 6 stage preheater with 'off-line' calciner. 



Note: 

Fig. 15.53 
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Staircases in one line increase dimension of preheater tower. 

Single stream 6 stage preheater with 'in-line' calciner. 
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CHAPTER 16 

16.1 Fans for Preheater 
Pre heater fan draws gases through the entire kiln 

preheater / calciner system. 

It should be sized to handle the exhaust gases which 

consist of: 

1. Products of combustion including excess air and 

leakage. 

2. CO2 released during calcining of raw mix. 

3. Conveying air when pneumatic conveying like 

air lift is used. 

16.1.1 Sizing of Preheater Fan 
It should be sized for the design capacity and should 

have sufficient margin above it - say 10 to 15%. 

If the margin in fan volumetric capacity is 15% 

then the margin for pressure should be (1.15) 1.8 = 1.29 

This is because, resistance in a given system is 

proportional velocity head which is expressed by 

density x v2/2g where v is velocity of gases flowing 

through the system which is proportional to volume 

through it which in turn is proportional to the capacity 
or rate of production. 

According to fan laws , 

V volume is proportional to speed 'n' in r.p.m. 

P static pressure is proportional to n2. 

That is if volume of a fan is increased by increasing 

its speed, Static pressure developed by it would 

automatically be appropriate to increased system 

resistance for the increased volume. 
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PREHEATER FAN 

16.2 Dust in Preheater Gases 
Preheater fan has to handle dust escaping from 
preheater. Dust content is determined by cyclone 
efficiency. 

Efficiency of top cyclones usually lies between 
92-94 %. 

If raw meal / clinker conversion ratio is 1.5 then to 
produce 1 kg clinker raw meal to be fed to preheater 
for efficiency of 93 % would be 

1.5/0.93 = 1.61 kg / kg clinker 

Dust concentration depends on specific gas volume / kg 
of clinker. 

16.3 Sp. Gas Volume 
Sp. gas volume is expressed as gas volume leaving 
pre heater in nm3/kg clinker. It comprises of all the 
elements mentioned in para 16.1 above. 

CO2 released is 0.3 nm3/kg clinker and conveying 
air is 0.1 nm3/kg clinker if airlift is used for feeding 
raw mix to preheater. It is nil if bucket elevator is used. 

Products of combustion are directly related to 
sp. fuel consumption and calorific value of coal. Total 
leakage in kiln preheater system is taken as 25 % of 
air required for combustion. It includes 10 % excess 
air deliberately admitted in the system to ensure 
complete combustion when fuel is coal. 

16.3.1 Sp. Gas Volumes for Different 
Fuel Consumptions 

Sp. gas volumes for different fuel consumptions using 
coal of 4500 kcal/kg and using airlift are shown in 
Table 16.1. 
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Table 16.1 Fuel Consumption KCaI/Kg. 

Fuel Consumption Kcal/kg 

700 750 800 900 

Sp. Gas. Vol. 1.50 1.55 1.65 1.80 

in nm3/kg clinker 

At 93 % efficiency of cyclone -

dust escaping = 1.61 - 1.5 = 0.11 Kg/Kg Clinker. 

:. Dust loss in gm/nm3 for above sp. gas volumes 

would be 

73 71 67 61 

Gas temperature at exit would depend on number 
of stages of preheater 

No. of stages 

temperature 4 5 6 

°C 350- 380 310 - 340 280 - 310 

16.4 Pressure Drop Across Cyclones 
Similarly pressure drops across the stages in the 
preheater would be (as an example for a preheater of 
same design) : 
See Table 16.2. 

Table 16.2 

In mmwg 

4 Stage 5 Stage 6 Stage 

at kiln inlet -20 -20 -20 

in preheater stages 

1 bottom 110 110 no 
2 90 90 90 

3 80 80 80 

4 110 80 80 

5 110 80 

6 110 

only preherater 390 470 550 

total 410 490 570 

Drop in down comer duct for design purposes could 
be taken roughly as 40, 50 and 60 mm respectively for 
4, 5 and 6 stage preheaters. 

For ca1ciner and t.a. duct, another 80 mm would be 
added. 

Total static pressure for fan (with ca1ciner in ciroit 
would be) 

mmwg 

4 Stage 

530 

16.4.1 Balancing of Gases 

5 Stage 

620 

6 Stage 

710 

When ca1ciner is off line, to balance flow of gases 
through kiln and ca1ciner, a throttle is added in riser 
duct above the kiln. When there are two streams of 
preheaters with two independent fans, k-line fan would 
be designed for a static pressures of 450, 540 and 
630 mms respectively for 4,5 and 6 stage preheaters 
and c-line fan would be designed for static pressures 
of 530.620 and 710 mms as mentioned above. 

16.5 Design Margins in Preheater Fan 
As mentioned earlier appropriate margins are to be 
added to arrive at fan capacity in terms of volume and 
static pressure. 

In obtaining quotations for fan, the duty 
requirements should be obtained from designers of 
preheater for at least 2 sets of operating conditions 
which would then determine systems resistance curve. 
See Fig. 16.1. 

Since fan efficiency is different at different 
operating points the point at which it should be maximum 
should also be specified. 

Preheater fans have a louvre dumper, remote 
controlled, and also a variable speed drive for 
controlling the flow as required by kiln operation. 

16.5.1 Control of Fan Operation 
Smaller flow is obtained (from Vito V 2) by controlling 
the damper, speed remaining the same. At this volume, 
fan should develop pressure P 3 but system resistance 
would drop to P 2' The difference P 3-P 2 is made up 
by the resistance of the damper. 
See Fig. 16.2. 

16.5.2 Control by Speed 
Alternatively to obtain reduced flow, speed of fan could 
be reduced. Fan will develop reduced pressure 
appropriate to new speed which will be close to the 
system resistance at volume V 2' 
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Fig. 16.1 Fan curve and system resistance curve. 
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Fig. 16.2 Control of preheater fan by damper. 

Thus energy consumption wise, changing speed is 
a better method of control. 
See Fig. 16.3. 

Damper is used to start fan on no load, with damper 
closed. 

In actual practice, control may be using a 
combination of damper control and speed control. 

16.6 Variable Speed Drives for Preheater Fan 

1. Slip ring induction motor with rotor resistance. 

2. Variable frequency - AC motor. 

3. Variable slip - AC motor. 

4. DC motor. 
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Fig. 16.3 Control by speed - no loss in power. 

Slip ring induction motor is now seldom used for 
large plants, as it is wasteful of energy and because it 
gives only a stepped speed variation. 

The other three give 'stepless' and smooth speed 
variation. 'variable slip' type drive is useful when fan 
normally runs at a much lower speed than the 
synchronous speed. Choice between AC variable 
frequency and DC would be from economic 
considerations. 

16.7 Retrofitting of Fans 
Because of dust content, earlier, radial bladed impellers 
were used for P.H. fans, which had poor efficiency. 

Now backward curved bladed impellers are used 
and preheater fans have efficiencies of 70-77%. This 
considerably reduces power consumption. 

It is possible to 'retrofit' fans of older design of 
poor efficiency by installing impellers of backward 
curved bladed design of higher efficiency in the existing 
casing. Since for same volume, power consumption 
would be less, in most cases the shaft and bearings of 
the existing fan could be used and also the casing. 

16.8 Number of Preheater Fans 

1. Single stream preheater will have one fan. 

2. Twin stream preheater with identical cyclones 
can also have 1 fan. 

3. With 2 streams preheater one for kiln and other 
for calciner, there would be 2 fans of different 
capacity and pressure drops in accordance with 
sizes and stages of 2 preheaters. 

Two preheater fans could be installed under 
respective towers to save space and also to keep 
motors under cover. 

When two fans are used they are combined to 
supply hot gases to Raw Mill and Coal Mill. 
See Fig. 16.4. 

16.9 Static Pressure of Fans 
Pressure at exit of fans should be -15 to -20 mm and 
draught in conditioning tower should be negative. 

Total pressure drop in CT and ESP and ducting 
would be of the order of 80 mm. 



1,2 PH fans for - 2 streams 

5 Fan 

8 Raw mill fan 

11 ESP fan 

3 Coal mill 

6 Raw mill 

9GCT 

4 Dust collector 

7 Cyclones 

10 ESP 
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Fig. 16.4 Two stream preheater supplying hot gases to one raw mill and one coal mill. 

If a cyclone and a mill fan is not included in mill 
system, the fan after ESP would have to be designed 
for a very high pressure drop. 
See Fig. 16.4 and Table 16.3. 

Table 16.3 

Case Pressure drop in mmwg in 
GCT & ESP Mill Duct Total 

Direct 100 - 50 150 
operation 

Combined 25 600 50 675 
operation 

ESP casing also would have to be designed to 
withstand this pressure drop. 

When only kiln is running (direct operation), then 
the system pressure loss between preheater fan and 
ESP fan being only 150-200 rom a fan designed for a 
pressure drop of 700 mm would be ill suited. 

It should be possible to run the fan with reduced 
speed. So this ESP fan should also have a variable 
speed drive. 
See Fig. 16.5. 

Fig. 16.5 

Volume ---

System resistance in 
indirect operation mill incircuit 

System resistance in 
direct operation 

Fan curve 

Fan operating pOints to suit direct and 
indirect operation of kiln and mill system. 
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16.10 Construction 
Construction of preheater fan would depend on its size. 
It can be: 

1. Overhung impeller for small sizes. 
See Fig. 16.6 a and b. 

2. Impeller supported on both sides in bearings. 
See Figs. 16.7 and 16.6. 

3. Single or double entry. 
See Figs. 16.8 and 16.9. 

16.11 Vibrations of Preheater Fan 
Preheater fan can be subject to vibrations because of 
dust content in gases. 

It is possible that dust gets built upon impeller and 
causes vibrations. To avoid this compressed air may 
be injected on the impeller to blow away build ups of 
dust. 
See Fig. 16.10. 

a - For small fan mounted on motor shaft 

b - Fan mounted on shaft supported on bearings 
and coupled to motor; 
impeller over hung on shaft 

Fig. 16.6 Preheater fans with overhung impeiller. 

16.11.1 Isolators for Vibrations 
The fan should be isolated on foundations by vibration 

dampers so that vibrations are not transmitted to 

Fig. 16.7 

Fig. 16.8 

Dust can accumulate here 

In case of large fans - span between 
bearings increases; 
dust can accumulate at inlet. 

Double entry reduces span, 
prevents accumulation of dust. 

buildings. Suppliers recommendations should be 

obtained in this respect. 

See Figs. 16.9 and 16.11. 

16.12 Ducting Inlets and Outlets for Fan 
Another important point in layout of preheater fans is 
the ducting. The slope of the ducting entering and 
leaving preheater fan should be minimum 60° with 
horizontal to prevent accumulation of dust. 

Accumulated dust may suddenly flush down the 
duct and load the impeller. Bends should also be 
avoided. 



5 -.~~----------------~----~ 
4 

1 PH fan double - entry 

3 Common bed plate 

5 Vibration dampers 

2 Motor 

4 Foundation 

Fig. 16.9 Preheater fan - vibration dampers -
common base frame - for motor and fan. 

Casing 

Impeller 

Fig. 16.10 Cleaning of impeller blades 
by compressed air. 

For large fans when impeller needs to be supported 
on both sides, bends could be avoided by using a double 
entry fan. 
See Figs. 16.12 and 16.8. 

16.13 Expansion Joints 
Fan should be isolated from the long incoming down 
comer duct by an expansion joint. Load of ducting 
should not come on expansion joint. Expansion should 
preferably in one plane. 
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• 

2 

3 

1 PH fan 2 Bed plate for fan 

4 Foundation for fan 3 Vibration dampers 
5 Motor 6 Foundation for motor 

Fig. 16.11 Preheater fan and motor on separate 
foundations. 

Preferred 

1 

Accumulated dust 

Fig. 16.12 

1 Straight vertical entry preferred 

2 If ducting must be inclined 
angle must not be less than 600 

Inlet and outlet of PH fan. 

Expansionjoint should also be installed in the outlet 
ducting preferably close to the fan and ducting should 
be supported in such a way that will permit expansion 
without transferring any load on the joint. 
See Fig. 16.13. 
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1 Down comer duct 

2 Preheater fan 

3 Motor 

4 Outlet 

5 Expansion joint at inlet 

6 Support for inlet duct 

7 Expansion joint on delivery side 

8 Support for expansion joint 

9 Dueting to gas cooling tower 

4 

Inlet ducting to preheaterfan 

8 

Outlet ducting from pre heater fan 

Fig. 16.13 Inlet and outlet ductings of preheater fan. 



CHAPTER 17 

17.1 Calcination in and Outside Kiln 
In a pre heater kiln, raw meal enters it, 28-30% 
calcined. This is because only the bottom 2 cyclones 
have temperatures suitable for calcination. Cyclones 
above do the job of preheating the raw meal. 
See Fig. 17.1. 

In kilns with calciners calcinations is almost wholly 
completed before raw meal enters the kiln. 

Calcination is an endothermic process. 

CaC03 = CaO + CO2 - 420 kcal/kg 

This chemical reaction takes place at constant 

temperature. Fuel fired in the calciner generates 

W 300'C 
W350'C 9 400 •e 

9 500 ·e 9 550 •e 

9 700 ·e 9 700·e 

9 Boo·e 9 Boo·e 

950 ·e 950 ·e 

2 

CALCINERS 

temperatures of 1000-1200 °C and the heat released 

is immediately absorbed by raw meal and temperature 

comes down to 850-900 dc. 
See Fig. 17.2. 

Longer the retention time in calciner more complete 

is the combustion of coal fired and more complete is 

the process of calcination and lower the temperature 

of gases leaving calciner. 

Fuel fired in the calciner should bum off completely 

in the calciner itself so that there is no CO in gas 

leaving the calciner. 

W2BO
'
C 

9 350
•
e 

9 450
•
e 

Temp. in·e 

9 550 •e 
1 Four stage preheater 

2 Five stage preheater 

9 700 •e 
3 Six stage preheater 

9 BOO ·e 

950 °e 

3 

Fig. 17.1 Temparature profile in preheaters of various number of stages. 
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1 
950°C 
from kiln 

2 

Temp. in °c 
1 Riser duct from kiln 

3 TA duct combustion air 

2 Calciner 

Fig. 17.2 Temperature profile in pre calciner. 

17.2 Designs of Calciners 
There are a great many designs of calciners developed 
by different designers to suit specific conditions. 

The designs have been classified in different groups 

according to their features. Major designs have been 
shown schematically in Figs 9.2 to 9.5 in Chapter 9 
of Section 2. 

Initially calciners were developed for firing oil as 
fuel. However, now all designs can fire coal and other 
fuels and even combustible wastes. 

17.3 Secondary Firing 
The simplest calciner is an enlarged riser duct. Fuel is 
fired in the riser duct. Air for combustion can come 
through the kiln itself, as would be the case for kilns 
with planetary coolers calcining is partial; it is also 
called 'secondary firing'. Capacity of kiln will be 
increased in proportion to fuel fired in rising duct. 

Degree of calcinations could be increased up to 
50 %. Small plants found this to be a very economical 
way of increasing kiln capacity till they could install a 
full calciner. 
See Figs. 17.3 and 17.4. 

When fuel fired in the riser duct ~as between 10 
and 20 %, air for combustion could be drawn through 
kiln. Therefore secondary firing was also suitable for 
kilns with planeteary coolers. 
See Fig. 17.4. 

17.4 Classification of Calciners 
In Chapter 9 of Section 2, various ways of classifying 
claciners have been explained. 

17.5 In Line Calciners 
In line calciners replace the riser duct - calciner can 
be in the form of a cyclonic vessel or a duct with 
constrictions or a duct with a bend to increase time of 
retention. 
See Fig. 17.5. 

The height of calciner is such that the retention 
time is at least 4-6 seconds. 

The velocity of gases in a calciner is about 4-6 rnI 
sec. Therefore, height of a calciner would be 16-30 
meters. 

In some designs, to save space and heights the duct 
is bent. 
See Fig. 17.5. 

17.5.1 Flow of Gases and Raw Meal 
Since all calcined raw meal must enter the kiln, bottom 
cyclone is used as a separating cyclone that receives 
material from both streams in case of a 2 streams 
preheater. Thus usually, calciner will receive raw meal 
from last but one stage of cyclone of the streams 
whether one or two. 

In case of a calciner with two stream preheaters, 
calciner receives raw meal from cyclone No.2 (from 
bottom) of each stream, calciner outlet is connected 
to inlet of cyclone 1 (from bottom) of C Stream. Raw 
meal (a + b) enters riser duct of kiln and enters cyclone 
1 of K stream. From there it enters kiln. 
See Fig. 17.6. 



Fig. 17.3 

Enlarged riser duct to 
serve as partial calciner 

Fuel 

Combustion air through 
kiln or from cooler \ 

Partial calcining or secondary firing. 

There are a great many variations of this basic 
concept all aimed at improving the efficiency of 
calcination. 

17.6 Off-Line Calciners 
In this case, calciner vessel is not a part of the riser 
duct. The calciner outlet is connected to the riser duct 
and the kiln and calciner gases enter the bottom 
(or 1 st) cyclone, in case of a single stream preheater 
and bottom cyclone of C-Line preheater in case of 
two stream preheaters. 
See Fig. 17.6. 

Off-line calciners have several advantages over in 
line calciners in that in most cases calciners can be 
supported from ground level reducing over all height 
of preheater. 

2 

Fuel 

a. Air through kiln 

Fig. 17.5 In line calciners 

t 

t 

Fig. 17.4 
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-
-

a Planetary cooler 

/l'H..I///// 

b Grate cooler 

Partial calcining; air for combustion 
through kiln. 

It is the best solution for a running plant where a 
calciner is added afterwards. In most such cases 
preheater tower would neither have room for housing 
the calciner nor would it be designed civil design wise 
to support its weight. An off-line calciner can be 
conveniently housed either inside or outside the tower 
and connected to the kiln. 
See Figs. 17.7, 17.8 and 17.13. 

b. Air from outside kiln 

1 Kiln & 2 planetary cooler 

1 a Kiln & 2a grate cooler 
3 Inline calciner 

4 TAduct 
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Raw meal flow Cline 

3 

1 Kiln 

2 Grate cooler 

3 TAduct 

4 Calciner 

Kline - Five stage preheater 
Cline - Five stage preheater 

Calciner receives raw meal from second 
stage of both streams 
total raw meal goes to riser duct 
Bottom cyclones of both streams 
receive total feed 

Calciner- single stream preheater Calciner- two stream preheater 

Fig. 17.6 Flow of raw meal into and from calciner in single and two stream preheaters for off line calciners. 

7 

ViewAA 
2 

1 - Preheater kiln 2 - Caldner kiln 

1 P.H tower 

4Calciner 

2 Kiln 3 Cooler 

5 Dust chamber 6 TA duct 

7 Bottom cyclone of preheater tower 

Fig. 17.7 Off line calciner to be added 
later - inside preheater tower
would require bigger tower. 

Fig. 17.8 

5 

--"3 

Off line calciner out side the 
preheater tower of normal dimensions. 

17.6.1 Spillage in Off Line Calciner 

In an in line calciner all that material which is not carried 

away with gases, enters kiln and there is thus no 

problem of spillage. 

In off-line calciners, the material so collected has 
to be disposed of. This material is very hot at 900°C 
and handling it is difficult and therefore hazardous. 

In FLS design, the air for combustion enters from 
the bottom and carries raw meal with it in the spouted 
zone. There is a possibility of raw meal dropping out 
of air stream; unless this accumulated material is 
periodically removed, it can block entry of air for 
combustion. 
See Fig. 17.9. 



f 
3 

1 Calciner 

2 Fuel 

3 Raw meal 
4 TAduct 

5 Pendulum flaps for spillage 

Pendulum flaps clear accumulated material 
in running - but it is required to be removed 

Fig. 17.9 Spillage in FLS off line calciner. 

In fluid bed design; there is no spillage but continuous 
accumulation of material in it can affect efficiency of 
the fluid bed. 
See Fig. 17.10. 

In RSP design raw meal enters the calciner at top 
with fuel. It enters mixing chamber and is lifted into 
preheater cyclone. Therefore there is no problem of 
spillage. 
See Figs. 17.11 and 17.12. 

4b 

3 

2 

7 

1 Calciner 
2 Fuel 
3 Raw meal 
4 TA duct 
5 Fluid bed 
6 Fluidising air blower 
7 Pipe 

4 

Over a period of time grit accumulates in fluid bed 
and it is emptied via pipe 7 when kiln is stopped 

Fig. 17.10 Spillage in off line fluid bed calciner. 

Preheater 

Kiln 

Fig. 17.11 

Fig. 17.12 
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RSP calciner 

-1r--- TAduct 

RSP calciner supported inside 
tower; hence tower to be designed 
to take its weight. 

Raw meal feed 

TAduct 

Swril calciner 

Connecting duct 

Mixing chamber 

Reinforced suspension 
preheater calciner. 
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6 5 

2 
3 1 P.H tower 

3 Cooler 

5 Dust chamber 

7 Bottom cyclone 

2 Kiln 

4 Calciner 

6 TAduct 

8 Support for calciner 

Fig. 17.13 Mitsubishi fluid bed calciner supported from ground. 

17.7 
Integral part of a calciner system are: 

1. calciner vessel, 

2. entry of raw meal, 

3. entry of coal, 

4. entry of tertiary air for combustion, 
S. tertiary air duct and dust chamber bringing 

hot air from grate cooler, 
6. connection of calciner to preheater. 

See Fig. 17.14. 

Configuration of calciner and connecting duct and 
connections for air for combustion and fuel and raw 
meal are shown in for some well known calciners in 
Fig. 17.15. 

17.8 Division of Combustion Air 
In a kiln with a grate cooler and calciner, preheated 
air from the 1 st two compartments of the cooler is 
divided into secondary air for kiln and tertiary air for 
calciner, in proportion to quantities of fuel fired in kiln 
and calciner respectively. 

Normally, this proportion is 40 : 60. Thus if 0.8 nm3JKg 
air is drawn through cooler for combustion, 0.32 nm3 

would go into kiln and 0.48 nm3 through TA duct to 
calciner. 
See Fig. 17.16. 

1 Calciner vessel 

3 Raw meal feed 

4 Outlet duct to kiln duct or cyclone 

5 Take off from cooler 

7 TAduct 

8 Dust returned to cooler 

2 Fuel- coal I oil 

6 Dust chamber 

Fig. 17.14 Various parts of a calciner system. 

Tertiary air can be drawn from cooler or from kiln 
hood. 
See Figs. 17.16 and 17.17. 
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NMFC 

Raw mix 

cr ~c Secondary ai' r- from cooler 

~Rawmix 

L 

Secondary Hc 

Calciners 179 

Pfrecalciner 

Secondary air ---( from cooler 

~ Rawmix 

L 

RSP 

Raw mix air from 
~ ~cooler 

Fig. 17.15 

Burne~. . ____ ~ 
Fluidizing air 

DO 

Precalciner 

Kiln exhaust gas 

. , 
Kiln exhaust gas 

FLS 

Precalciner 

~,Z~~m~ , . 
Secondary air from cooler 

Calciners and connecting ducts; rough relative proportions for different designs; 
also note relative locations of entry of raw meal and fuel. 
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1 Kiln 

To kiln 

t To calciner 

t 
T2 

T4 

eO~_Coolingair 
0.8 

Sec. Air Ter" Air 

1St 
j 

2 

2nd , 
2 Kiln Hood 

3rd 
j 

3 Grate Cooler 

1st, 2nd, 3rd under grate compartments 

A Secondary air into Kiln = 0.32 nm
3
/hr 

B Tertiary air to calciner = 0.48 nm
3
/hr 

T1 Temp of clinker T2 Temp of clinker 

T3 Temp of secondary air> 1000
0
C 

T 4 Temp of tertiary air::o: 700 0 C 

Fig. 17.16 Take off point for teritary air for 
combusion in calciner. 

In Fig. 17.18, the gases are divided at 'a' as 
shown. 

and 

a - b - g - f 

c - d - e - f 

- through kiln 

- through ca1ciner 

Since kiln is a long cylinder with large diameter, 

pressure drop across a - b - g - f is much less than 

through the calciner leg. i.e., c - d - e - f. 

To maintain gas flows in proportions to coal fired, 

an artificial resistance is introduced at 'g' by means of 

an adjustable throttle, in case of single stream preheater 

or in case of a 2 stream preheater with one fan. 

T2 

2 

tt 
A B 

T3 
3 

1St 2nd 3rd 

t t t 
T2 Temp of clinker after sec & tertiary air 

T3 = T4 Temp. of secondary 
and tertiary air entering hood 

T3 = 900 - 1000° C 

Fig. 17.17 Tertiary air taken from hood 
Low sec. air temp, high t.a. temp. 

d 

c 

Draught same at pOint f 

Fig. 17.18 

a Draft kiln hood - 1 to - 2 mm 

b Draft kiln inlet == - 20 mm 

c Pressure at cooler take off .± 0 - 5 mm 

d Draft at calciner inlet - 20 mm 

e Draft at calciner outlet - 60 mm 

f Draft junction - 70 mm 
g Throttle adds resistance as required 

to balance flows 

Balancing gas flows in kiln and calciner. 
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1 

1 Kiln 

3 Dust chamber 

5 Calciner 

7 C line PH fan 
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2 Cooler 

4 TAduct 

6 K line PH fan 

K Kline preheater 
C Cline preheater 

Fig. 17.19 Independent streams with separate fans do not need throttle. 

In case of 2 streams preheaters however, this is 
not required. The independent preheater fans draw 

air as required through two separate routes as 
mentioned in para 16.4.1 of Chapter 16. 

But, Preheater fan in calciner line would have to 
be designed for a higher pressure drop through calciner 
and TA duct. 
See Fig. 17.19. 

17.9 Entry of Raw Meal 
Raw meal from the last but one cyclone/s of singlet 
two stream preheaters is admitted into the calciner. 
Point of entry is such that meal gets maximum time in 
the calciner for calcination. It is admitted into the 
calciner through a refractory lined raw meal pipe. 

Unlike distribution boxes of preheater cyclones, meal 
just enters the cyclone. In spouted bed designs, raw 
meal tends to drop down and is picked up by air for 
combustion and combustion gases. There is re 
circulation here. In fluid bed design, raw meal is 
admitted just above the fluid bed. It remains in fluid 
bed for about 30 seconds. In Reinforced Suspension 
Calciner, raw meal enters the swirl calciner from top. 

Coal is admitted close to the entry of raw meal just 
under it. In RSP, coal is also fired from the top. 
See Figs.17.9, 17.10 and 17.12. 

17.10 Firing Fuel in Calciner 
Pulverised fuel is normally fired through pneumatic 
conveying systems. As temperatures in calciner need 
not be > 1000 °C, flame is not necessary. It is necessary 
that fuel is burnt and heat released is absorbed 
immediately. For this reason, fuel entry point is 
generally just above entry of air for combustion and 
just below entry of raw meal. RSP is the exception 
where both raw meal and coal are admitted from top 
in swirl calciner. 
See Figs. 17.9, 17.10 and 17.12. 

Relative positions of air, raw meal and fuel for 
different calciners are shown in Fig.17.1S. 

Coal is admitted through short nozzles at velocities 
of about 20 rnIsec. FK Pump systems are often used 
for this purpose. It is also possible to use dense / lean 
phase conveying system using ejector. 

Metering system for coal would be similar to that 
for the rotary kiln. 
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9 
7 

,. 
01 10 '" -~ ~n:~.---

t 
BltE~=4:r~ __ j r Copper strip to preven' staticTertiary air 

10 
11 

1 Fine coal hopper on load cells 

4 F.K.pump 

7 Calciner 

10 Compressed air pipe line 

Flanged jOint in pipe line 
Detail "c" ---..-~ 

-E$h--Ir- 12 ----

b) Two nozzles for large diameter of 
calciner quantity of coal> 5 tph 

2 Prefeeder 

5 Motor for pump 

8 Coal firing nozzle 

11 Compressor 

3 Weigh feeder 

6 Conveying pipe line 

9 Raw meal feed pipe 

12 Splitter 

Note: Conveying pipe line should be laid horizontal 
and vertical only. radii should be generous at bends 

Fig. 17.20 Weighing and firing coal in calciners. 

When quantity of coal fired is more than 3-5 tons 
per hour, two burners would be used. Coal carrying 
pipe line is split and branched into two so that coal 
enters at two points- sometimes at diametrically 
opposite points in the calciner vessel. 
See Fig. 17.20. 

It is also possible to use waste fuel in ca1ciner. If 
retention time is long enough, coal crushed to - 5 mm 
size or rice husk or shredded tyres could also be 
introduced into calciner through a feed pipe for burning. 



CHAPTER 18 

TERTIARY AIR DUCT, DUST CHAMBER 
AND CONNECTING DUCT 

18.1 Tertiary Air 
Air drawn through cooler for combustion in kiln is 

commonly called 'secondary air' and air through cooler 
for combustion for fuel fired in calciner, is commonly 

called 'tertiary air'. 

18.2 Air for Combustion in Calciner 
Air drawn into calciner consists of : 

1. Primary air - i.e., air used to convey coal 
pneumatically into the calciner. 

2. Fluidizing air (applicable to fluid bed calciners). 
This air is used to fluidize bed of raw meal and 
is used for combustion. 

3. Tertiary air - air drawn from cooler (in case of 

planetary cooler, the air is drawn through kiln 
and hence could also be called secondary air). 

As mentioned earlier, calcination begins at 600°C 

and is completed at 800-850 °C. Temperatures in 
calciners are maintained at 800-900 °C. Lower 
temperatures at the exit of calciner are an indication 
of full use of heat released in calciner in calcining raw 

meal. 

For design purposes, leakage air at kiln hood is taken 
as 5% of combustion air + excess air in kiln. It will be 

actually 3 % for preheater kiln and 1 % for calciner 
kiln of the total air for combustion. A good seal will 
reduce this quantum. Quantum of leakage air can be 
estimated also. Since the draft at kiln hood is between 
o to - 2 mm, this air quantity is small; nevertheless, to 
ensure that the maximum air is drawn through cooler, 
seals should be of good design and should be 
maintained. 
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'Primary air' is the air used to fire pulverized coal 

into kiln. In conventional burner, primary air would be 

between 15-20%. 

In multi channel burners it would be about 12.5% 

or less. 

Therefore total air drawn for combustion into kiln 

and calciner from cooler would be : 

Total air for combustion + design excess air - (which 

is generally 10%) - 5% leakage - primary air (which 

would be 15% - 20% for conventional burners and 

12.5% for multi channel burners) when it is drawn 

from atmosphere. 

It would be combustion air + excess air - 5% 

leakage - 2 V2% conveying air when primary hot air is 

drawn at 300°C through cooler. 

18.3 Proportions of Secondary 
and Tertiary Air 

The proportions of secondary and tertiary air are the 

same as proportions of fuel fired in kiln and calciner 

as explained in para 17.8 of Chapter 17. However 

they would be at different temperatures as shown in 

Fig. 17.16. 

When only secondary air is drawn from the kiln its 

temperature would be high. 

If all of air, secondary and tertiary, is drawn through 

hood, the temperature of secondary air into kiln would 

drop and that for tertiary air to calciner would increase. 

See Fig. 17.17. 
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18.3.1 Air Drawn from Cooler 
In ca1ciner where temperature of 850-1000 DC are 

sufficient, there is no point in supplying tertiary air at 
temperature of + 800 DC. Where as in kiln where 
temperatures in burning zone are high at 1400 DC, a 
higher secondary air temperature of +( 1 000-11 00 DC) 

helps in increasing fuel efficiency. 

From these considerations, it is best to draw tertiary 
air from cooler. It also avoids dusty conditions and flame 
can be seen more clearly. 

In majority of cases, tertiary air is drawn from 

cooler. 
See Figs. 17.6, 17.8 and 17.13 in Chapter 17. 

In a few designs, it is drawn from kiln hood. 

See Fig. 17.17. 

18.4 Sizing of Tertiary Air Duct 
Assume that air to TA duct is 0.48 nm3/kg of clinker 
See Fig. 17.16. 

Kiln - capacity = 3000tpd 

Therefore preheater kiln = 1200 tpd 

For sp. fuel consumption of750 kcal/kg clinker and 
at sea level, size of preheater kiln of 1200 tpd would 

be 

4 m dia x 60 m long 

Clinker/hr = 3000 x 4l. 7 

Air through TA duct 

= 125000 kg. 

= 60000 nm3/hr 

Let temperature of tertiary air be 700 DC, actual 
volume of tertiary air would be: 

214000 m3/hr = 59.5 m3/sec. 

Velocity in TA duct is maintained at 20 mlsec to 
minimize dust settlement. 

:. size of T.A. duct = 2.98 m2 

= 1.95 ill dia, 
clear inside refractories. 

With a refractory lining of 150 mm thick (refractory 
+ insulating blocks), the duct diameter would be 2.25 m. 

Thus TA duct is almost half the dia of kiln. With its 
length of 60-70 meters, radiation loss on its account is 
considerable - slightly less than half as much as that 
from kiln. 

18.5 Layouts of TA Duct 
There are different layouts of TA duct for different 

designs of preca1ciners. TA duct can be laid: 

1. Horizontal, or 

2. Inclined 

See Figs. 18.1 and 18.2. 

The long length of ducting is supported on trestles 

of concrete or steel. Expansion joints are provided and 

fixed and sliding supports are provided alternatively. 

See Fig. 18.3. 

TA duct is generally located as shown to minimize 

dust pickUp and to provide clear view of the burning 

zone. It is thus better to install it on the inner side to 

provide full and clear access for cranes to kiln. 

See Figs. 18.4 and 18.5. 

To provide clear access to two kilns installed side 

by side, would require kilns rotating in opposite direction 

and perhaps preheater cyclones of opposite handing 

for two kilns. This of course increases spacing between 

kilns and preheater. 

See Fig. 18.6 and 18.7. 

Generally, however kilns would be rotating in the 

same direction and cyclones would have same handing. 

While one kiln is easily approachable, the other is 

not because of TA duct. It would be best to provide a 

wide enough road for crane. 

See Figs. 18.8 and 18.9. 

18.6 Dedusting Chamber and 
Connecting duct 

Cooling air emerging through clinker bed has clinker 

dust in it. Since this is an inert dust, tertiary air taken 

to ca1ciner should be cleaned of it. A dust chamber is 

therefore introduced in the TA duct immediately after 

the cooler, which collects as much of clinker dust as 

possible and returns it to cooler either inside the cooler 

or outside on drag chain. 

See Fig. 18.10. 

Dust chamber consists of a brick lined chamber 
with a sufficiently large cross section so as to reduce 
air velocity to 4-6 mlsec. The chamber is so designed 
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a. FLS Spouted bed calciner 

1 Calciner 
2 TAduct 
3 Dust chamber 

Different configuration of TA duct for different calciners. 

2 

Plan 

a. Mistsubshi fluid bed Calciner 

Calciner 

+-+1-- Mixing chamber 

1 Calciner 2 TAduct 

2 

b. RSP calciner 

Different configuration of TA duct for different calciners. 

2 

b. KHD/Polysius Calciners 

3 

3 Dust chamber 

3 

that air flow through it has to change direction in 
horizontal and vertical planes to facilitate precipitation 
and collection of clinker dust. 

Dust chamber is connected with the cooler by a 
refractory lined connecting duct. Its location is so fixed 
that requisite quantity of tertiary is picked from the 
cooler at as high a temperature as possible. Its cross See Fig. 18.10. 
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7 

Fig. 18.3 

TAduct 

o 

Fig. 18.4 

TA duct layout - supports. 

Kiln rotation 

Location of TA duct vis-a-vis rotation of 
kiln. 

section is designed to be large to reduce velocity of 
tertiary air in it so that dust picked up is minimum before 
it enters the dust chamber for further cleaning. 

The connecting duct may be drawn from the side 
of the cooler as shown or it may be drawn from the 
top. 
See Figs. 18.11 and 18.12. 

18.6.1 Connecting Duct on Burners Platform 
In the latter case, connecting duct emerges on the 
burners' platform. Taking it from sides has the 
advantage that the space immediately in front of kiln 
hood is clear. If the hood is of movable type, it can be 
moved without requiring to dismantle TA duct. 

When duct is taken from the top of the cooler, kiln 
hood cannot be moved. It should have large movable 
doors, so that bricks can be taken into the kiln. 
See Fig. 18.13. 

3 

1 Kiln supporting station 

1 Fixed supports 
2 Sliding supports 
3 Expansion joint 

4 Orifice 

5 Damper 

6 Cut off gate 

7TAduct 

8 Dust chamber 

2TAduct 

3 Crane for maintenance and repair 

Fig. 18.5 TA duct and access to kiln 
for maintenace. 

Even then, it is better to have area immediately in 

front of the hood clear so that refractories can be easily 
taken in and out of kiln either manually or by mechanical 

means. 

18.7 Location of Take off Point 
Temperatures of tertiary air range between 600-800 °C 

depending on exact location of the take off point of 

the connecting duct. Nearer this take off point is 

towards the kiln the better. However, there are 

practical limitations to this such as dimensions of hood, 

spacing of beams of the building supporting the kiln 

hood, column spacing etc. 

See Fig. 18.14. 
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Line 1 Line 2 

11-----C1 -----t-, 
2 

1,2 Pre heater towers 

3,4 Preheaters 

5,6 Kilns 

7,8 TAducts 

9 Big crane for kiln 
10 Small crane for TA duct 

C"C2 - Center distances between towers & kiln 

~------- C2--------~ 

Preheater cyclones of opposite handing 

9 

Kilns turn in opposite direction; preheater cyclones of oPPosite handing. 

~+-----C2'---+--~ 

Select layout that would economize space 

C l' - Distace between preheaters 

C2' - Distace between kilns 

C 1 ,C2 - Likely to be wider than C l' & C2' 

Kilns rotate in same direction; preheaters of same handing. 
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Fig. 18.8 

Fig. 18.9 

Road w 

2 

5 

c Road wi 

2 

! Road w 

7 c _ Center distance be~een kilns 

w - Roads of equal widttfor kiln maintenance 

w1 - Smaller road for TA ducts 

1 Preheater.s 
2 Kilns 
3 Coolers 

4 Dust chamber 

5TAducts 

6 Calciners 

Access for TA duct and kiln for maintenance; kilns turn in opposite direction. 

Road / w 

1 

w 

5 \ 
Road " wi 

t 
w - Roads of equal width for kiln maintenance 

wi - Smaller road for TA ducts 
c - Centre distance between kilns 

Access for TA duct and kilns for maintenance; kilns turn in same direction. 

1 Preheaters 
2 Kilns 
3 Coolers 
4 Dust chamber 
5 TAducts 
6Calciners 
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Inlet 
1 Kiln 

2 Hood 

3 Cooler 
Or 4 Grate 

5 Hopper 

6 Spillage drag chain 

7 Connecting duct 
8 Dust chamber 

9 TAduct 

A - Dust returned to drag chain 

B - Dust returned into cooler 

Plan 

Fig. 18.10 Dedusting chamber TA duct taken from cooler. 

C 
~------ ------~ 

1 Kiln 2 Hood 3 Cooler 

4 Connecting duct 5 Dust chamber 

Fig. 18.11 TA duct take off from side of cooler. 

18.8 Layout of Connecting Duct 
Though short, connecting duct is quite heavy because 
of its size and refractory lining. It needs to be 

C>C' 

Hood cannot be moved in this position 

Fig. 18.12 TA duct take off from top of cooler. 

appropriately supported and should have expansion 
joints. 
See Figs. 18.15 and 18.16. 
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A .. 
-t1fi --------
~-----L---- 1 Kiln 

3 Cooler 

2 Hood 

4 Connecting duct 

x .... __ .... Hood can not be moved 5 Dust chamber 6 Sliding doors of hood 

2 

5 

Fig. 18.13 Large doors of kiln hood moved side ways for access in to kiln. 

Seal 

Difficult for access & maintenance in this area 
Adequate clearance need to be maintained 

Fig. 18.14 Take off point for TA duct. 

All problems of locating TA duct vis-a-vis hood, 
and to some extent precipitation of dust are eliminated 
if TA duct is drawn from the hood. 
See Fig. 17.17. 

Such an arrangement may not need a dust chamber. 
However, quantity of air drawn through hood is 
increased and this may impair visibility of flame and 
hence measurement of temperatures of burning zone 
and also 'Video monitoring' of flame and burning zone 
conditions. 

18.9 Return of Clinker Dust 
Hot clinker dust collected in the dust chamber is 

returned either to cooler on grates or to spillage drag 

chain by pipes made of either heat resisting material 

or pipes lined with refractories I castable. 

At temperatures of 600 to 800°C, clinker dust is 
not free flowing. Therefore these pipes from hoppers 
of dust chamber to cooler need be laid at slopes of not 
less than 55-60° to horizontal. 
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4 
Support 

Dust chamber 

3 

1 Cooler 
2 Connecting duct 
3 Dust chamber 
4 Support 

Fig. 18.15 Connecting duct between cooler, dust chamber and support. 

1 

Cooler 

4 

Dust chamber 

3 

Fig. 18.16 Connecting duct between cooler, dust chamber and support. 
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2 

1 

1 Spillage drag chain 

2 Dust return pipe stainless steel refractory lined 

3 Pendulum flap valve 

4 Hopper of dust chamber 

Fig. 18.17 Dust returned from dust chamber cooler drag chain. 

In case dust is returned inside the cooler, the dust 
chamber is required to be raised quite high to maintain 
these slopes as against when dust is returned to the 

spillage drag chain. It is therefore more common to 
find dust being returned to the drag chain. 
See Figs. lS.10 and lS.17. 



CHAPTER 19 

19.1 Kiln 
It is called the heart of the cement plant. It converts 
raw meal fed to it into clinker. 

According to the processes used kiln is required to 
carry out various operations inside it till it is converted 
into clinker as explained in Section 1 and repeated in 
Fig. 19.1. 

Thus in wet process where maximum number of 
steps in the process of manufacture of clinker took 
place inside the kiln, kilns were long with length to 
diameter ratios (lId) of 35-40 I 1. 
See Fig. 19.1-1. 

Dry process kilns with calciner which perform only 
~ 10% calcining and balance sintering, can have lid 
ratios of 10-12 I 1. 
See Figs. 19.1-6 and 19.2. 

Dry preheater kilns have lid ratio of 14-16 11. The 
reduction in length of the kiln has also reduced the no. 
of supports which have come down from 617 in wet 
kilns to 2 (max.3) for dry kilns. 
See Figs. 19.1-1 and 19.1-6. 

Kilns with planetary cooler have to support over 
hung weight at discharge end therefore the last pier is 
heavier. Shell thickness, tyre size (dia and thickness 
and width); and roller size (dia and width); bearings; 
all are heavier and larger for the end section of the 
kiln and for the last supporting section. 
See Figs. 19.3 and 19.4. 

19.2 Pysical Features of a Rotary Kiln 
The spacing of tyres or kiln supports is calculated so 
that load is as evenly distributed on all tyres as possible 
and that deflection between spans is within permissible 
limits. 
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The overhangs at each end are also calculated from 
point of view of thermal and mechanical stresses and 
deflections. 

Discharge end is hotter therefore overhang at 
discharge end is limited to I x d where d is diameter of 
kiln. Over hang at inlet end could be 1.5-2 d, smaller 
the better. 
See Fig. 19.5. 

19.2.1 Shell Thickness 
Shell thickness is calculated to keep ovality within 
specified limits. It is also decided by deflection or 'sag' 
mentioned above, and which should be within 
permissible limits. 

Kiln shell becomes oval under its own weight and 
each section of shell under goes flexing as kiln rotates. 
See Fig. 19.6. 

This flexing action becomes more pronounced as 
diameter of shell increases. It has a direct effect on 
the stability of bricks. Calciners were developed to 
obtain higher outputs of 7000-10000 tpd from kilns 
keeping their diameters corresponding to kilns of 2800 
to 4000 tpd capacity. 

19.3 Components of a Rotary Kiln 
Every kiln has the following components: 

1. kiln inlet housing and inlet seal 

2. kiln shell 

3. tyres mounted on shell 

4. corresponding supporting stations each station 
comprising of : 

2 rollers 
4 supporting roller bearings 
I bedplate 
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Slurry 
......... 

Chain system 

t 
lilli IUUUU I 

1 2 3 4 5 
Slurry Preheating Calcining Clinkering 

Kiln 

Wet process 1 - 6 supports 

Wet grinding & blending H (. .) I--Filter process -- briquettes 

Lepol grate Calcining 

Semi wet pocess 

Dry grinding & blending ~ c· +1 I granulator 

Lepograte Calcining 

Chain 

Semi dry pocess 
Il~~ II 

Dry process - long kiln 

Preheating Calcining Clinkering 

II II III 
Preheater Calcining Clinkering Cooling 

Kiln 

Dry process with pre heater ~ 

r-r-

-r--
'---

6 Cooled clinker 
Cooling 

Clinkering Cooling 

Kiln 

II II I 
Clinkering Cooling 

Kiln 

Cooling 

Preheater Calclner Calcining Clinkering Cooling 

Dry process with preheater and calciner 

Fig. 19.1 Processes in rotary kilns - producing cement clinker. 
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Fig. 19.2 Kiln-preheater and precalciner. 

3 -- -&= Cooling air 
r-- 1 4 

t-

Il C1 18 

~~ 
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........... 
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1 Kiln 2 Last pier 3 Planetary coolers 

4 Hood 5 Clinker crusher for over size 

6 Chute 7 Drag/pan/chain conveyor 

8 Tunnel 9 Coal firing pipe 

10 Support for coal firing pipe 

Fig. 19.3 kiln with planetary coolers. 
Cooler tubes 10-12 no.s 
lid = < 5-6 : 1 

3 

1 Kiln 

4 Hood 
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1 Suspension pre heater 4 - 6 stages 

2 Calciner 
3 Kiln 

a Calcing zone 
b Sintring zone 

5 
2 Last pier 3 Planetary coolers 

5 Clinker discharge 

6 Additional small supporting station 

7 Roller bearings bed plate 8 Pier 

9 Tunnel 10 Coal firing pipe 11 Support for firing pipe 

When cooler tubes are too long -
a small roller station is added to take weight of 
cooler tubes and shell 

Fig. 19.4 Kiln with planetary coolers -
long cooler tubes - lid = > 10 : 1. 

5. girth gear, pinion, pinion shaft and bearings 

6. torsion shaft, gear box and drive motor 

7. kiln hood at discharge end with outlet seal. 
See Figs. 19.7 and 19.8. 

Kiln inlet housing, kiln shell and discharge hood are 
all refractory lined because of temperatures inside the 
kiln. 

Kiln may have a single or a dual drive. 
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lb cb nr 
I. a I. b .1 

a,b Spans between supporting stations 

Fig. 19.5 

2 

Fig. 19.7 

Fig. 19.8 

d Deflections of shell between supports 
e Overhang at feed end 
f Overhang at discharge end 

Spans between supports. 

7 9 

4 

Components of rotary kiln. 

Components of rotary kiln. 

1 

Fig. 19.6 Kiln - deformation of shell riding ring 
at supporting station. 

12 

3 1 Kiln cylinder 

2 Kiln inlet end 

3 Kiln hood at discharge end 

4,5,6 Supporting roller stations 

7 Riding Rings 

8 Rollers - bearings 
9 Gear drive & motor 

1 Riding rings 

2 Supporting rollers 
3 Main Bearings 

4 Bed plates 

5 Girth gear 
6 Spring plates 

7 Pinion 

8 Bearings for pinion shaft 
9 Refactory lining 

10 Shell 
11 Shoes 
12 Bed plate for pinion shaft 
13 Idler for lubrication 
14 Gear gaurd 
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Rubbing surfaces pressed against 

each other to provide seal at inlet end 
_____ Seal rubbing surfaces 

4 
3 

1 Kiln - cylinder 

2 Kiln inlet end housing 

3 Kiln inlet seal 

~ Refractory lining 4 Feed duct 

Fig. 19.9 Seal - kiln inlet end. 

19.4 Seals at Kiln Inlet and Outlet 
Kiln inlet seal consists of two parts; one part is fitted 
onto the stationary kiln inlet housing and the other on 
the rotating kiln shell. 
See Fig. 19.9 

19.4.1 Inlet Seals 
There are many designs of inlet seals. Commonly used 
types are: 

(i) Hydraulic thrusters or spring loaded thrusters 
which keep sealing surfaces in contact at all 
times. 
See Fig. 19.10. 

! 
/ 

Fig. 19.10 Thrustor type seal at kiln inlet end. 
Thrust is applied either by springs 
as shown or by hydraulic cylinders. 

(ii) Set of springs which keep sections of contacting 
surfaces on shell pressed against the contacting 
surface of kiln inlet. 
See Fig. 19.11. 

(iii) Set of spring leaves which cover rorating 
cylinder and prevent inleakage of false air. 
See Fig. 19.12. 

Hot gases go out of kiln through a riser duct which 
connects kiln to the bottom cyclone. Riser duct is also 
refractory lined and has expansion joints. It is 
supported on floor/s in preheater tower. 

Kiln also recives raw meal for bottom cyclone/s 
through a pipe/pipes which have pendulum flap valve/so 
See Fig. 19.13. 

Fig. 19.11 Kiln seal at inlet end. 
Rubbing surfaces kept in contact 
by a number of springs. 
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3 

-I ~f-4 _ ______ 5'"'-=~r- _I 1 Kiln 
2 Inlet end 
3 Discharge hood 
4 Inlet seal 2 I 

5 Discharge end seal 

Inlet 

Fig. 19.12 Spring plate seals at inlet and discharge ends of kiln . 

I 't.. of 
kiln 

Fig. 19.13 3 - Riser duct of kiln and connection 
to bottom cyclone. 
It will be modified to introduce 
secondary firing; or replaced by 
inline calciner. 

A throttle will be installed in the riser duct when 
balancing of pressure drop is required between calciner 
leg and kiln. 
See Fig. 19.14. 

1 Kiln 

3 Riser duct 

5 Bottom cyclone 

7 Kiln feed pipe 

2 

3 

4 

2 Kiln inlet housing 

4 Throttle - adjustable 

6 Pendulum flap valve 

Fig. 19.14 In a kiln with calciner and single 
stream preheater, a throttle is 
inserted in the riser duct to divide gas 
flow through kiln and calciner 
in accordance with fuel fired. 
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Housing 

1 Kiln hood 

Labyrinth seal 
at discharge end 

3 Spring loaded graphite block 

2 Labyrinth seal 

4 Kiln 

Fig. 19.15 Labyrinth and graphite block seals at discharge end of kiln. 

19.4.2 Seal at Discharge End 
Kiln also has a seal at discharge end. Commonly used 
types are; 

(i) labyrinth seal, 

(li) spring loaded graphite, seal, 

(iii) spring leaf 

See Figs. 19.12 and 19.15. 

Whatever type of seal, rubbing surfaces, must 
maintain contact with each other as kiln rotates and 
even when kiln expands and floats up or down. 

Seal should also be able to adjust to the eccentricity 
if any of kiln shell on diameter and on face. 

19.4.3 Materials used for Seals 
At the cold end of the kiln, temperature inside are of 
the order of 900-950 °C and shell temperatures 
exposed to atmosphere could be 200-250 dc. At the 
hot end, burning zone temperatures are ::::: 1400 °C 
and shell temperatures would be + 300°C. Therefore 
when springs or spring leaves are used, they are likely 
to lose their tension rendering seal ineffective. 
Therefore material selected for making springs should 
be appropriate to the temperature it has to withstand. 

19.4.4 
Draught at kiln inlet would be between 10 to 20 mms 
as compared to 1-2 mm at discharge end; damage 
due to leakage will therefore be more severe at inlet 

end. Hence this seal should always be maintained in 
good condition. 

19.5 Entry of Raw Meal in to Kiln 
Raw meal flowing through raw meal chute of bottom 
cyclones slides over a crescent shaped heat resisting 
cast iron / cast steel piece into kiln; and kiln rotation 
carries it forward into kiln. There should be sufficient 
overlap between kiln end and the lip even when kiln is 
cold and floating down. 
See Fig. 19.16. 

19.6 Expansion of Kiln 
Expansion of the kiln is calculated taking into account 
the shell temperature and the length of the kiln. 

It is assumed that the kiln expands both ways with 
girth gear and pinion as the fixed point. 
See Fig. 19.17. 

The supporting rollers and bed plates are so aligned 
that their center line coincides with the center line of 
tyres in hot condition. 

Thus when kiln is 'cold', center lines of tyre and 
rollers will not match. 
See Fig. 19.18. 

19.7 Movement of Kiln 
Kiln is an inclined rotating cylinder and hence tends to 
slide down by its own weight like a screw. 
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Section X X 

Fig. 19.16 Kiln inlet end. 

-

-.. 
F 

... 

1 Kiln inlet housing 
2 Kiln feed pipe 
3 Kiln 

4 

4 Heat resisting casting 
5 Seal 

• • 
F 

1. Long wet kiln 

Kiln expands both ways as shown 

-- -

'- -.. 
2. Dry kiln - 3 supports 

x 

I 
X 

F- Location of drive; kiln considered fixed at this point 

Fig. 19.17 Location of kiln drive and expansion of kiln. 

It has to be prevented from sliding down by a thrust 
applied either mechanically or hydraulically 1. For small 
kilns a pair of thrust rollers were installed to take the 
thrust of the kiln tending to slide down. For large kilns 

hydraulic thrusters are used .. For long wet kilns thrust 
rollers were installed on 2 stations. 
See Figs. 19.19 and 19.22. 
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ct of tyre in hot position 
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c ct of roller 

Bearings 

a t of riding ring in cold position of kiln 

b t of riding ring in expanded hot point 
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Fig. 19.18 Sopporting station so located that 
center lines of riding rings and 
rollers come in line in expanded position. 

0,,02 Angles of skew 

Exaggerated angle of skew 

Fig. 19.20 Skewing of rollers to produce upward thrust. 
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I , 1 

I 
4 I 3 

~ 

... .. 
Float I expansion 

1 Thrust riding ring 2 Supporting roller 

3 Thrust roller down stream 4 Thrust roller up stream 

f Total float of kiln 
Roller width = tyre width + float 

Fig. 19.19 Float of kiln. 

~ 
I 

Screw arrangement to push bearings 
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I 

Fig. 19.21 Grooving of roller due to riding ring. 
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,,---j--.,,--""'I. View - A 

View-A 
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1 Thrust riding ring 
3 Hydraulic thruster 

4 

2 Thrust rolier sliding 
4 Bed plate 

Fig. 19.22 Hydraulic thruster. 

I 

In case of small kilns without hydraulic thruster, 
rollers are 'skewed' to counter the tendency of the 
kiln to slide down. In skewing, axes of rollers are kept 
at a slight angle to axis of kiln. 
See Fig. 19.20. 

Amount of skewing could be calculated / 
established by trial and error. Important point is to 
maintain uniformity in skewing. 

In case of hydraulic thruster where kiln is literally 
pushed up. Skewing is not necessary. 

19.8 Floating 
If kiln stayed in one position, always, it would cut 
grooves in the rollers. The kiln is therefore taken up 
and down a small distance to prevent formation of such 
grooves so that tyres will rest entirely on the rollers, 
roller width is kept more than the width of the tyres. 
See Fig. 19.21. 

Kiln must be floated regularly every day in a 
predetermined manner. 

In hydraulic thruster it is easy to do so by applying 
thrust from the lower roller. Upper side roller is used 
to prevent accidental over shooting. 
See Fig. 19.22. 

Limit switches are installed to monitor movement 
of kiln and to activate alarm signals 

19.9 Drives 
Kiln drive consists of : 

1. Girth Gear mounted on spring supports attached 
to kiln shell. 

2. Pinion shaft and bearings. 
3. Torsion shaft. 
4. Gearbox. 
5. Motor. 

See Figs. 19.23 and 19.24. 

For long wet kilns, drive used to be more or less in 
the middle. 

In dry kilns, it is near the support at the cold end. 
See Fig. 19.17. 

19.9.1 Mounting of Girth Gear 
Spring plates prevent expansion of shell getting 
transferred to the gear whose axis remains the same 
and hence clearances between gear and pinion do not 
get affected in hot running conditions. 
See Fig. 19.23. 

Fig. 19.23 

Spring plates bent 
to take expansion 

}..oiIt--f-- Expanded shell 

I_ c .. I 
Spring plates permit expansion of 
shell without distrubing center 
distance between gear and pinion. 



Different manufacturers would have different 
arrangements to take this expansion but use of spring 
plates is the most common. 

~3-----

2 

1 Kiln 2 Girth gear 

3 Pinion 4 Pinion shaft bearings 

5 Torsion shaft 6 Gearbox 

7 Motor - DC variable speed 

Fig. 19.24 Kiln drive - standard arrangement. 

19.9.2 Gear and Pinion 
Gear and Pinion can be helical or spur. For large kilns 
helical gears would be preferred as they have higher 
efficiency compared to spur gears. 
See Figs. 19.25 and 19.26. 

152 Teeth 

25 Teeth 
I~ 

a Preheater kiln - 2 rpm Max. 
b Calciner kiln - 4 rpm Max. 

Gear = 152 teeth Pinion = 25 teeth 

Ratio = 6.08 Motor = 1000 rpm 

Let Gearbox reduction ratio = K 

. 1000 25 
For Preheater kiln, 2 = -- x -2-

K 15 
For calciner kiln for same motor, 

:. K = 82.23 

x=41.12 

Fig. 19.25 If motor speed increased to 1500 rpm, 
for same gearbox-kiln speed = 3 rpm, 
same gearbox could be used for ' 
increased power. 
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2 

3 

Gear 

Kiln 

- Thrust 
Pinion 

Single drive Double drive 

1 Kiln 2 Helical gear 3 Pinion 4 Second pinion 

Fig. 19.26 Helical gear kiln drive, dual 
drive neutralizes axial thrust. 

19.9.3 Single / Dual Drive 
Kiln can have a single or a dual drive. For large kilns, 
dual drive is preferred. It keeps width of gear down. 
Dual drive also neutralizes axial thrusts of helical gear. 
See Figs. 19.26 and 19.27. 

w n 

w Width remains same for 2P with dual drive 

P Power trasmitted 

Fig. 19.27 Dual drive of kiln-
same gear transmits twice the power. 

It is also possible to install the 2nd drive when it is 
required to increase power input of the kiln. 
See Figs. 19.26 and 19.27. 

19.10 Retention Time, Speed and 
Percentage Filling 

Slope and Speed of the kiln determine the 'retention 
time' of material inside the kiln. 
See Fig. 19.28. 
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01 fi' _ Shaded area occupied charge 
lolling - CI . I f k'l ear cross sectlona area 0 I n 

Fig. 19.28 Charge in kiln and power of kiln. 

The required retention time differs greatly according 
to the process. 

Wet process kilns have the longest retention time 
of about 120 minutes. 

Retention time comes down as the steps of 
processes carried out inside kiln are reduced. For 
preheater kiln where material enters kiln, 30% calcined, 
retention time could be 50-60 minutes. For kilns with 
calciners, retention time could be as short as 27-30 
minutes. 

19.10.1 Degree of Filling 
The speed and retention times decide the 'percentage 
filling' of material inside the kiln. 

Heat transfer inside kiln takes place by way of : 

(i) Direct contact between hot bricks and raw meal / 
clinker. 

(ii) By way of radiation between brick surface and 
surface of raw meal exposed to it. 

(iii) By way of convection between hot gases 
passing over charge. 

To keep the difference between temperature at 
surfaces of material and its core, to a minimum it is 
desirable to keep degree of filling between 4-6 %. 
See Fig. 19.29. 

Thus speed, slope and retention time should be so 
adjusted as to give a degree of filling in this range at 
design capacity and yet produce clinker of good quality. 

19.10.2 Slope of Kiln 
Slope is fixed at design stage. It is generally 2° or 3.5 %. 
For ca1ciner kilns, it can go up to 4 % to reduce speed. 

e -Slope of kiln 

n - Speed in rpm 

a - Angle at center by 
charge of material 

d = Clear diameter of kiln 

Power ex; (d sin aJ2)3 

~_-a 

a - Heat transfer by conduction 
b - Heat transfer by radiation & convection 

Fig. 19.29 Heat transfer to charge inside kiln. 

19.10.3 Calculation of Retention Time 
Retention time is obtained from the formula 

1.77xQ°.5 x Lx F 
T in minutes = ---'---

SxDxn 

where, 

Q = Angle of repose, usually 35° 

L = Length of kiln / dryer in metres 

F = Multiplying factor 

for kiln without internal fittings, F = 1 

for dryers and coolers, F = 2 

S = Slope in degrees 

D = Diameter in metres 

n = Speed in rpm 



19.10.4 Calculation of Degree of Filling 
Degree of filling is obtained from formula 

Of. fill' 1.667xTxQxa 
-;0 I mg = 

where, 

T = 
Q = 
a = 

b = 

a = 

b 

internal volume of Kiln x b 

Retention time in minutes 

Capacity of clinker in tph 

Ratio raw meal feed 1 product 

Average bulk density of material 
inside kiln 

Will vary according to % calcination 
of material entering kiln. It will be 
lowest for calciner kilns 

for 

for 

Raw meal 

clinker 

average b 

= 1.2 tlm3 

= 1.0 tlm3 

19.10.5 Peripheral Speeds 
Earlier peripheral speeds of kilns were limited to 
26-35 cm/sec. Linear speed of kiln of 4.0 m dia running 
at 2 rpm would be 3.14 x 4 x 2 x 100/60 = 41.8 cm/sec. 

In calciner kilns, output increases 2.5 times that of 
preheater kiln. 

To keep same or about same degree of filling, 
retention time is reduced by increasing kiln speed. A 
kiln that was earlier rotating at 1.67 rpm with a 
peripheral speed of 35 cm Isec will now be rotating at 
4.2 rpm or a perpheral speed of 87.5 cm/sec. 

19.11 Kiln Power 
Kiln power is a total of : 

1. Friction power (PI) and 
2. Load power (P2) 

19.11.1 Friction Power 
Friction power is directly proportional to speed, the 
total weight of rotating parts and charge inside kiln. 

PI friction power in kw = 0.595 x (W x Dt x Db x 
nXH)/Dr 

where 

W = Total weight of rotating parts including weight 
of refractory and charge in kiln in tons 
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Dt, Db and Dr are diameters of tyre, bearing and 
roller respectively in meters 

n = speed in rpm 

H = friction factor, usually 0.018 for kilns 

19.11.2 Load Power 
P2 load power in kw = 86.43 x (D Sin 8)3 x L x K x n 

where, 

D Sin 8, D is diameter of kiln inside lining, 

8 is half angle at center, formed by the charge. 

L is length of kiln in metres 

K is a constant, usually 0.00076 for kilns 

n is speed in rpm 

For same degree of filling, (D Sin 8)3 would remain 
same hence load power would also increase in 
proportion to speed. 

Broadly speaking friction power = 30 to 33 % of 
load power 

Thus a preheater kiln when made into a calciner 
kiln would run at 2-2.5 times faster and would require 
about that much more power. E 

19.11.3 
In the process of speeding up, power increases 
according to speed, torque remaining same. Therefore, 
existing components of the'kiln like gear, tyre, rollers, 
etc., can transmit the increased power. It is not 
necessary to make any mechanical changes to these 
components. 

Possibly only wear rate could go high as linear 
speeds are increased 2.5 times. 

19.12 Drive Motor and Gearbox 
Motor for a kiln is always a variable speed drive. Slip 
ring induction motors and commutator 'Schrage' motors 
have been used in the past. 

Now almost always DC variable speed motors are 
used. 

Gearbox is a triple or double reduction helical gear 
box. 

When a preheater kiln is converted into a calciner 
kiln it is sometimes possible to achieve new power 
and new speed by changing motor only. 
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Gear box rating increases according to input speed. 
A gear box of 100 KW rating at 1000 I 20 rpm ratio 
would have a rating of 150 KW if input speed is 
changed to 1500 rpm; output speed changing to 
30 rpm. 

As the kiln is sloping, the drive is also installed at a 
slope. 

A calciner kiln will require a much smaller gearbox. 
See Fig. 19.25. 

1 Girth gear 2 Pinion 

4 Gear guard and casing 

1 

2 

3 Oiling idler 

5 Oil sump 

Fig. 19.30 Kiln - gear lubrication by oiling idler. 

19.13 Gear and Pinion and their Lubrication 
Girth gear I pinion ratio is between 6 to 8 I 1. Girth 
gear and pinion are encased in a guard cum casing, 
which also holds sump for oil used for lubrication. A 
lubricating idler is used to keep gear face coated with oil. 
See Fig. 19.30. 

Since kiln is a slow moving machine, oil used must 
stand high pressure on film and the film should stay on 
surfaces of teeth till they come in contact again. 

19.13.1 Torsion Shaft 
A torsion shaft is almost always used between pinion 
and gear box : 

(i) To prevent over load, 
(ii) to take misalignment. 

Kiln being a large cylinder heated from inside and 
exposed to atmospheric conditions like heat, ram, etc., 
does not always remain 'true' and hence misalignments 

are more common and larger in magnitude than in case 
of other machines like mills during running. A torsion 
shaft is thus very useful. 
See Fig. 19.24. 

19.14 Measurement of Torque 
In Instrumentation-andControl schemes, torque of kiln, 
which is a measure of charge inside it is measureo. 
So both speed and torque would be shown and recorded 
on kiln control panel. 

19.15 Riding Rings 
Riding rings or tyres are generally solid in one piece. 
They are made of cast steel. Split tyres were tried out 
but were not successful. Tyres can be fixed or floating. 
Floating tyres move with respect to kiln shell. This is 
the most commonly used type. Relative movement 
between tyre and roller is known as 'creep'. In floating 
tyres there is a gap between tyre and shoes welded to 
shell even in hot condition. It is maximum at top and 
nil at points of contact with rollers. This gap should be 
such that creep is about 1 revolution in 24 hours. Higher 
gaps cause more slip and more wear. Surface between 
tyre and shell is lubricated to reduce wear. 
See Figs. 19.31 and 19.32. 

19.16 Supporting Rollers 
Supporting rollers are also made of cast steel. They 
are generally hollow to keep down weight. Rollers are 
shrunk fit on forged steel shafts. Shafts may have a 
small step to locate the roller and roller should be 
correcty installed on the foundations with respect to 
this step. 
See Fig. 19.33. 

19.16.1 Roller station 
A three support kiln would have: 

3 tyres 

6 rollers 

12 bearings. 

As mentioned earlier, the spacing between tyres is 
adjusted to distribute load equally on 3 supports to the 
extent possible. 

In case of planetary coolers this is not possible 
because of over hung load and therefore the last tyre 
would be considerably heavier compared to the other 
two. 
See Figs. 19.3 and 19.4. 
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1 Riding ring 

2 Shoes 

3 Kiln shell under tyres 

4 Refractory lining 

w = Width will change according to load to maintain same pressure 

Mounting of riding ring on kiln shell. 

No gap 

Gap at top between 
shell and tyre 

No gap 

Ring deformed due to its own weight 

Creep is relative movement between kiln and tyre - 1 rev. in 24 hours is acceptable. 

2 

Slope of Kiln .. 

19.16.2 Dimensions of Tyres and Rollers 
From practical considerations, Do and Di would be 
kept same for all tyres changing width from load 
considerations, Hertz pressure remaining same. 
See Fig. 19.31. 

It would be ideal if all rollers also had same diameter 
and all bearings also of same diameter and width for 
all roller stations. But it may not always possible to 
achieve it. 

1 Supporting roller 2 Roller shaft 
If the tyre width is different, then roller width wiIl 

also be different to suit as roller is wider by 25 mm 
than the corresponding tyre. 3 Exaggerated step on shaft to locate roller 

Fig. 19.33 

Rollers are hollow to reduce weight 
Rollers are shrunk fit on shaft 

Roller and shaft of rotary kiln. 

The tyre taking thrust is wider - as its face is tapered 
to rub against thrust roller. 
See Fig. 19.22. 

There are many designs of tyres and their supports. 
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19.16.3 Shell Under Tyre 
Shell under the tyre is increased in thickness to maintain 
oVality. 

This may be done in I or 2 steps. The edges are 
beveled and welded to minimize thermal stresses. 
See Fig. 19.31. 

Shoes are welded on to the section of shell 
supporting the tyre and the shell piece machined so 
that they are concentric with shell center. Retainer 
bars are welded on either side. 

In some designs shoes are in shape of wedges. 
This design permits adjustment of gap between tyre 
and shell. 

\l'V Benchmark making datum level on all piers 

19.17 Bed Plates 
Kiln bed plates are generally of fabricated construction 
in one piece with machined surfaces to hold 4 bearings 
of a roller station. 

Bed plates should have center lines in both directions 
and also in a vertical plane on sides. 
See Figs. 19.34 and 19.35. 

Bed plates are aligned and centred and leveled and 
half grouted before any load is put on them. This is an 
important job. Centre lines should also be marked on 
steel plates embedded in the faces of concrete 
foundations. 
See Figs. 19.34 and 19.35. 

1,2.3 Piers 

4.5.6 Bed plates 

1
3 

h2 = h3 + 11 x tan e 
h1 = h2 + 12 x tan 0 

e = Slope of kiln 

I 

-+--
Center lines marked on bed plates and kiln piers and on sides also 

Fig. 19.34 Benchmark marked on each pier so that bed plates can be aligned w.r.t. it. 

4/ 51 61 
1.2.3 Kiln Piers 

4.5,6 Bed plates 

--t- - --t-- - --t-- <t kiln 

I I I 

2 3 

Fig. 19.35 Center lines marked on piers as well as bed plates. 
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Theodolite 

I I 

Fig. 19.36 Levelling bed plates - using theodolite, or piano wire, laser beam. 

Care taken in aligning bed plates can never be 
enough for future smooth running of kiln for years. 

Earlier theodolite was used to align bed plates. Piano 
wire has also been used to center the bed plates and 
kiln. Now laser beams are used to do the alignment. 
See Fig. 19.36. 

Bed plates must have provision for skewing of 
rollers if conventional thrust roller~ are used. 
See Fig. 19.37. 

Many bed plates now have hollows for rollers to 
dip into water filled in them. When kiln is to be floated 
oil/grease is put on contacting surfaces. 
See Fig. 19.38 

Bed plates / foundations should have provision for 
bringing in cooling water and taking it out. 

Rollers should be assembled on bedplates according 
to erection drawings. If bearings and rollers and tyres 
are made according to drawings and dimensions are 
within the tolerances, kiln shell put on them should be 
centered needing only minor adjustments, which can 
be done by slight shifting or placing shims etc. 
See Fig. 19.39. 

19.18 Kiln Bearings 
Bearings are brass / bronze bushes. Bearing covers 
have thrust pads to take the thrust. Discs with buckets 
are attached on the shafts. Buckets dip in oil and 
spread it over the width of the bearings. Because of 
slow speed kiln bearings are seldom forced lubricated. 
See Fig. 19.40. 

Bearings are not bolted to the bed plates. They 
remain in position by the weight of kiln. Their position 
can be changed! adjusted with the help of 'skewing' 
screws provided on bed plates. 
See Fig. 19.37. 

19.19 Hydraulic Thruster 
Hydraulic thruster equipment can be installed under 
the pier itself so that piping is short in length. 

Many times kiln piers are made hollow. 
See Figs. 19.41 and 19.42. 

19.20 Erection of Kiln 
Erection of kiln is a specialized job. Kiln is the largest 
single piece of machinery not only in cement plants 
but in other industries also. 

Kiln shell is received in pieces. They are shipped in 
specially made wagons or in heavy duty specially 
designed trailers. Care should be taken to put stays as 
shown so that shell does not get distorted in transit. 
Machined surfaces like shoes are protected with 
wooden slats. 
See Fig. 19.43. 

Fig. 19.39 'a' to 'c' shows stages in aligning shell 
sections and their welding. 

Previously an erection crane was used for erecting 
a kiln. 
See Fig. 19.44. 

Kilns are now erected by using traveling boom 
cranes, which lift kiln shells, put them on tiers, and 
help in alignment. 
See Fig. 19.45. 

19.21 Maintenance Platform 
Kiln piers are distant from one another. A platform is 
therefore provided to go from one end of the kiln to 
the other. 

It should be wide enough at least 750 mm for 
workers to carry tools tackles, etc. 
See Fig. 19.46. 
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Fig. 19.37 Kiln bed plates 
Bearings are not bolted on bed plates 

Center of Kiln 

~ I 

Screw for shifting bearings for skewing 
and for preventing outwards movements 

Sump to collect water 
I 

Bolts 

Fig. 19.38 Kiln bed plate - fabricated and stress relieved with machined face to receive bearings. 

19.22 Cooling of Kiln Shell 
Kiln shells are cooled in burning zone to prolong life of 
refractory. 

Fixtures are required to support the axial fans and 
shift their position angle etc. They are supported from 
the same walkway. 
See Fig. 19.47. 

19.23 Brick Lining 
Entire kiln is lined with refractory. 
See Fig. 19.48. 

Brick Lining is also a specialized job and is entrusted 
to experienced and skilled brick layers and masons. 
Like in welding, kiln is required to be rotated slowly 
and positioned during the operation of brick laying. 
Bricks are jacked to hold them in position. 
Also see Chapter 55 on Refractories. 
See Fig. 19.49. 

Different types of bricks require different 
procedures, mortars, wedging plates, etc. Some bricks 
require a cardboard piece or an iron shim to be inserted 
between them, which bums off. 



Fig. 19.39 

4 

(a) Aligning support for kiln sections 

a 

a Center distance of rollers from kiln center line 

b Height of center of kiln from base plate 

a 

e Half angle at center of kiln between rollers and kiln center 

(b) Kiln rollers are also used to center and align kiln shell sections 
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1 Base frame 
2 Rollers 
3 Bearings 
4 Adjusting screws 
5 Shell 

.0 

2~------~------~2 

Shell rotated and positioned for welding 

(c) Shells welded in small lengths on opposite sides to prevent distortion 

Assembly and aligning of kiln shell. 



212 Section 6. LAYOUTS AND DETAILED ENGINEERING 

Shaft 

Sump containing oil 

1 Bearing housing bottom half 

2 Bearing housing top half 

3 Bearing bush 
4 Roller shaft 

5 Bearing cover 

6 Thrust pad fixed to cover 
7 Oil spreader 
8 Oil bucket 

Fig. 19.40 Kiln bearing bushes are oil lubricated with buckets and oil spreader; they are water cooled. 

Solid Solid 

2 Rollers 1 Base frame 

3 Bearings 4 Adjusting screws 

Fig. 19.41 Solid kiln piers. 

1 

2 

2 

Fig. 19.43 Kiln sections for transport. 

Fig. 19.42 Hollow kiln piers. 

3~ 
1 Kiln shell - section 

2 Spider stays to maintain circularity 

3 Edges finished for welding at site 



1,2,3 Kiln piers 4 Rails for traveling 

5 Traveling gantry 

6 Chain pulley blocks for lifting and holding shells 

Fig. 19.44 Travelling erection crane gantry 
for erection fa kiln. 

Preheater 

1 Shell cooling fans 

3 Walkway with hand railing 

Burners platform 

2 Kiln piers 

4 Staircase 

Shell cooling fans are movable along axis 
and adjustable as shown 

Fig. 19.46 Walkway connecting kiln piers. 

Brick retaining rings are installed at crucial places 
and in particular towards end so that bricks do not 
shift or get dislodged. 
See Fig. 19.50. 

19.23.1 Nose Ring Castings 
Kiln shell and bricks are protected at discharge end by 
installing end or nose ring castings, which are heat 
resisting cast steel sections bolted to shell. Each 
manufacturer has its own design of the castings. 
Sometimes they are in two pieces. 
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1 Pier 2 Crane 3 Shell 4 Bed plate assembly 

Fig. 19.45 Kiln erected with the help of a crane. 

2 

1 Axial shell cooling fans - adjustable and movable 

2 Walkway along piers 
3 Frame for supporting fans 

Fig. 19.47 Axial shell cooling fans in burning zone. 

This is a 'maintenance heavy' part of the kiln, 
requiring frequent stoppages. 
See Fig. 19.50. 

19.23.2 Nose Ring Cooling Fans 
Castings and shell are cooled by nose ring cooling fans. 
Depending on the size of kiln, cooling blowers can be one 
or two and they are accommodated on the burners' 
platform. 
See Fig. 19.51. 
Fig.19.52 provides data on cooling air. 
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Fig. 19.48 

~ ~I~ 70% Alumina or Magnesite bricks 35% Alumina bricks T 

3 4 5 
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1 Burner 

5 Intermediate zone 

9 Dust chamber 

2 Cooler 

6 Cold zone 

3 Discharge zone 

7 Manhole 

Longitudinal section of typical Rotary Kiln 

Refractory lining of a cement kiln. 

• 

6 

4 High temperature zone 

8 Riser duct 
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Forklift truck used to take bricks into kiln 

Fig. 19.49 Jack for brick lining of kiln. 

Cooling air 

2 

5 

Fig. 19.50 Discharge end of kiln shell . 

2 

,.,------
( C' \- - - - - -><:'---------{ 

'-....../ 

Fig. 19.51 Nose ring cooling fans - one or two. 

3 
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1 Forklift truck 

2 Jack for brick lining 

3 Kiln 

1 Kiln shell at discharge end 

2 Cowl 

3 Nose ring casting 

4 Refractory/castable 

5 Retaining ring for brick 

1 Cooling fan/s 
2 Hood 

3 Cowl 

4 Kiln shell 
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Kiln diameter 

Fig. 19.52 Cooling air for nose ring castings. 

Fig. 19.53 Kiln and cooler - kiln hood and seal. 

19.24 Kiln Hood 
Kiln hood is the connecting piece between rotating kiln 
and grate cooler. It used to be movable on rails to 
provide access to kiln. 

Center lines of kiln and cooler are offset with 
respect to one another so that clinker falling from kiln 
falls in the center of the cooler. 
See Figs. 19.53 and 19.54. 

1 Kiln 2 Grate cooler 

c Offset of center lines of kiln and cooler - 400-600 mm 

d = Dia of kiln - inside refractory 
w = Width of cooler = 0.6 - 0.7 d 

Fig. 19.54 Offset centre lines of kiln and cooler. 

Hood 

Floor 

\~...-tt---a-:-rr-
, . ' 

" ". 
., ' 

« 
« 

4 

4 Sand seal 

1 Kiln hood - movable on wheels 

3 Grate cooler 

5 Bumers platform 

Sand 

2 Kiln 

4 Sand seal 

With ca1ciner kilns, the TA duct is likely to come in 

the way of shifting the kiln hood. Therefore now hoods 
are stationary with large doors at front through which 
a fork lift truck can pass for carrying refractories into 

kiln. 

See Chapter 18 on TA Duct. 

See Figs. 19.55 and 18.13. 



1 
Connecting 
duct forT.A 

Fig. 19.55 Taking refractories into kiln. 

6 5 

3 

2 
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1 Fixed hood 

2 Large doors in two halves 

Sliding side ways provide access 
to for going into kiln either for portable 
conveyor or for small fork lift truck 

1 Supporting structure for burner pipe 
2 Trolley to move pipe 
3 Pipe 
4 Swivelling joint 
5 Hood 
6 Kiln 

Pipe can be swivelled, vertically and horizontally and is moved along center line to be taken out 

Fig. 19.56 Handling and manipulation of burner pipe. 

19.25 Burner Pipe 
Another important point in layout is the burner pipe. 
The burner pipe needs a structure to : 

Support it. 
To move it backwards and forward. 
To position it with respect to kiln center line 
including tilting through a small angle. 
See Fig. 19.56. 

19.25.1 Location of Burner Pipe 
There are different views as to where the burner pipe 
should be located with respect to kiln center of kiln 
and its angle. 

One school believes that burner pipe should be at 
the same angle as kiln i.e., 2°, others believe that it 
should be horizontal. 

Some believe it should be in the center - others 
prefer to position it in sector b - nearer to the surface 
of the charge. 
See Figs. 19.57 and 19.58. 

19.26 Burners' Platform 
This has come to be so called because in early days 
burners in shift used to stay on this floor at the outlet 
of the kiln and watch conditions in the burning zone 
almost continuously. The kiln control panel was also 
located on the burners' platform - so that they could 
walk over and make adjustments to feeds, speeds and 
gas flows. 

Burner, Chief Burner and Master Burner was the 
hierarchy amongst burners then. They were drawn 
from ranks with school level education and learnt the 
operation under the supervision of senior burners. 
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a - Burner pipe at same slope as kiln 

or 

---E1--+-

t d 
b - Burner pipe, horizontal 

Fig. 19.57 Alignment of burner pipe. 

2 

5 
8 

1 Kiln 2 Hood 3 T. A. duct 

4 Grate cooler under platform 

5 Supporting structure for burner pipe 

6 Coal firing pipe 7 P. A. fan 

8 Burners platform 

9 Hoist for lifting bricks 10 Staircase 

Fig. 19.59 Burners platform - layout. 

They depended on, and carried out instructions 
received from the Laboratory to maintain quality of 
clinker. 

Primary Air fan was installed at the back end of 
burners' platform. It conveyed pulverized coal into the 
kiln through a coal firing pipe. Grate cooler was 
installed under the Burners' platform. 
See Figs. 19.59 and 19.60. 

__ ---li:L--4\-- If. of kiln 

I-Lh._--I-I-- Burner pipe 

Pipe in quadrant 'b' prefer slightly 
below to right of center as shown 

Fig. 19.58 Position of burner pipe - kiln section. 

4 

2 

1 Kiln 2 Hood 

4 Coal pipe coming from preheater end 

5 Supporting structure for coal pipe 

6 Coal firing pipe \l Burners platform 

3 Cooler 

Fig. 19.60 Burners platform when coal mill at 
preheater end 
coal metering at preheater end. 

With advent of calciner and developments in 
instrumentation and process control- microprocessors 
etc., the layout has changed. 

Opening has to be allowed in the platform for 
Tertiary Air duct emerging from the cooler. 

Control panels are no longer installed on burners' 
platform. They are housed separately in a building 
called Central Control Room. 
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--------------------------------------
1 Kiln 2 Kiln hood 3 Grate cooler 

4 Take off for tertiary air 

7 P. A. fan 

5 Tale off for hot primary air 

8 Coal firing pipe 

6 Cyclone insulated & lagged 

9 Supporting structure for pipe 

10 Clinker dust returned to cooler 

Fig. 19.61 Hot primary air from grate cooler. 

8 

10 

1 Coal pipe coming from pre heater end 
2 Coal bin on load cell 
3 Coal weigh feeder 
4 Ventury 
5 P. A. fan 
6 Supporting structure 
7 Coal firing pipe 
8 Kiln 
9 Hood 

10 Cooler 
11 Dust collector 
12 Fan 
13 Rotary air lock burners platform 

Fig. 19.62 Alternative arrangement - fine coal bin and coal feeder on burners' platform -
coal mill at preheater end. 

When hot air is drawn from grate cooler as 'primary 
air' the cyclone and hot Primary Air fan and also blower 
for conveying coal in a multi channel burner are installed 
on burners' platform. 
See Fig. 19.61. 

19.26.1 Layout of Burners' Platform 
In the past, burners' platform and coal mill buildings 
merged. The burners' platform providing a sort of roof 
over the coal mill and also over the grate cooler. Coal 

mills used to be installed then by the side of the grate 
cooler. The departmental layout of kiln section 
beginning with preheater ended with cooler and coal 
mill and coal firing system. 

It ends with cooler when the coal mill is located at 
the preheater end. Alternately a small bin can be 
installed on burners' platform and coal metered out 
and fired into kiln. 
See Figs. 19.60 and 19.62. 
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19.26.2 Layout for Planetary Cooler 
With planetary coolers, though it is history now, a tunnel 

is required to approach the kiln for observations. 

In new design of planetary coolers length to 

diameter ratio of cooler tube is 10 : I. It is too long a 
length for overhang. Therefore kiln shell is supported 

on a small roller station at the discharge end. 

See Figs. 19.3 and 19.4. 

Because of lengths of cooler tubes, length of burner 

pipe is longer. Hence longer traveling space has to be 

provided to take it out of kiln. 

Facilities to be provided for the burner pipe like its 
handling, withdrawal, positioning are the same as for 
kiln with grate cooler. 

The layout must also provide for installation of a 

crusher to break oversize lumps before feeding to 
clinker conveyor. 

See Fig. 19.3. 

19.27 Handling of Bricks 
Kilns need to be lined with refractories through its 
length and also discharge hood and inlet housing. 

Bricks are taken into kiln from burners' platform. 

For small kilns, hood is moved and kiln is made 

accessible. In case of large ca1ciner kilns, hood doors 

are pushed apart and kiln is made accessible. For large 
kilns bricks can be taken inside kilns by small fork lift 

trucks or portable belt conveyors. 
See Fig. 19.55. 

It is necessary to receive bricks on the burners' 
platform and also to remove bricks taken out from the 
kiln. 

Burners' platform must therefore have an area to 
hold bricks and also a hoist to lift bricks brought up to 
it in truck loads or on trailers. 

The same hoist will remove burnt bricks and load 
them on trucks. 

Burners' platform must therefore be easily 
accessible from ground level for this purpose. 
See Fig. 19.59. 

19.28 Cooler Dust Collector 
When coal mill is at preheater end, and coal is pumped 
from coal mill house, then burners' platform is 
practically empty. In case of large kilns grate cooler 
will have 2 or more grates and are long enough. 
Burners' platform is thus merely a roof over the cooler. 
It is convenient to install the dust collector for cooler 
mostly ESP on the burners' platform itself. It is 
convenient to discharge the clinker dust collected in it 
on to the deep bucket conveyor. 

Figs. 24.5, 24.11 and 24.8 in Chapter 24 show 
installation of an esp and a heat exchanger respectively 
on burner's platform. 

See Fig. 19.63 for a layout of actual installation 
of a rotary kiln. 
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CHAPTER 19a 

COAL AND OIL FIRING AND METERING SYSTEMS 

19a.l Firing Fuels in Kilns 
Just as kiln needs to be fed with raw meal of uniform 
quality at a steady rate it also needs to be fired with 
fuel of uniform quality at a steady rate to supply heat 
required for converting that raw meal into clinker of 

good quality. 

In case of calciner kilns heat is supplied to kiln and 
calciner in predetermined proportions. 

Systems for blending raw meal and for feeding it 
into kiln have been dealt within Chapters 10 to 12. 

19a.l.l Fuels Suitable for Firing 
Kiln systems can be fired with all types of fuels like 
solids - coal, lignite, petcoke; oil - furnace oil; gas -
natural gas. Of these oils and gases are more or less 
uniform in quality and have no ash to speak of. 
Calorific value is also uniform and does not fluctuate. 
They do not need much preparation as such for firing 
into kiln and calciner. It is therefore easy to use oil and 
gas as fuel in kiln systems. 

Coals from different sources have widely different 
calorific values and ash content; these fluctuate even 
in coal coming from same source. Therefore to supply 
to a kiln system heat at a desired steady rate is more 
difficult. 

Only about two decades back cement plants in 
developing countries preferred to use oil as fuel and 
also gas when it was available. However ever since 
oil prices shot up - and are still rising - cement industry 
has had to use coal as fuel all over the world. In 
specific cases like plants in BangIa Desh for example, 
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gas is profusely and conveniently available and hence 
cement kilns there use gas as fuel. 

19a.2 Coal as Fuel 
Solid fuel like coal needs to be pulverized for firing in 
rotary kilns. 

It is very necessary to preblend coals (just as 
limestone is 'pre-blended' in stacker reclaimer 
systems). 

It is then dried and ground in coal mill systems to 
desired fineness varying between 10-12 % residue on 
90 micron sieve and moisture is reduced to 1-2 %. 

19a.2.1 Uniform Quality of Coal Fired 
Maintaining uniform quality is very important in case 
of coal because ash in coal gets absorbed in coal and 
thereby affects composition of clinker. To maintain 
uniform quality of clinker it becomes necessary to 
change composition of raw meal to compensate for 
the effect of coal ash. This is not very practical in 
case of large plants. 

Ash in coals decides the fineness to which it has to 
be ground to complete combustion. Thus if ash content 
fluctuates, fineness needs to be adjusted to suit. This 
is not very difficult in case of vertical mills but adds 
another dimension to the operation. 

19a.3 Coal Firing Systems 
Coal firing systems have evolved over the years. In 
early days of wet process 'direct firing' was common. 
In it coal ground in mill was fired straight into kiln. 
See Fig. 19a.1. 
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1 Kiln 
----H--+------------------, 2 Cooler 

2 

Fig. 19a.1 Direct firing system for coal for cement kiln. 

Major disadvantage of direct firing was that it used 
up too much primary air. With reduced specific fuel 
consumption the difference became more pronounced. 
Secondly, if the fan in the system was after the mill, 
wear of impeller due to high ash coal was excessive. 

If it was located before the mill, mill was under 
pressure and coal leaked from joints. This system is 
no longer selected. 

In 'indirect system' , grinding system and coal firing 
systems are separate and each can be designed 
according to its need. For instance when multi channel 
burners are used, quantity of primary air is very small. 
Hence this is the system now prevalent. 
See Fig. 19a.2. 

19a.4 Components of a Firing System 
Components of a coal firing system are: 

1. Storage of pulverized coal and its extraction, 
2. metering of coal, 
3. pneumatic conveying of coal, 
4. burners. 

19aA.l Fine Coal Hoppers 
As mentioned earlier fine coal hopper can be one with 
two outlets for a calciner kiln. Or there could be two 
hoppers each with its own metering system. In such a 
case coal of different fineness could be stored and 
fired in kiln and calciner respectively. 

6 

5 

3 Cyclone 

4 Mill fan 

5 Coal mill 

6 Screw feeder 

7 Raw coal hopper 

Coal is not always easy to flow because of its 
moisture. Hoppers have steep slope and they are fitted 
with stirrers to keep coal in agitation. 

19aA.2 Metering of Coal Fired 
Coal is metered gravimetrically either by weigh feeder
pre-feeder system as in case of raw meal in klin feed 
system or volumetrically by using twin screw feeders 
with variable speed drive mounted directly under fine 
coal bin. Such screws have very close clearances 
between screw and casing and pitch decreases 
towards discharge end to prevent flushing. 
See Figs. 19a.3 and 19a.4. 

"Loss in weight' systems which monitor rate of 

emptying hopper with the help of micro processors 
are also used for the purpose. 
See Fig. 19a.5a. 

Yet another coal metering system is shown in 
Fig. 19a.5b. 

19a.5 Conveying of Pulverized Coal 
Pulverized coal is conveyed pneumatically to kiln and 
calciner. 

Conveying air could be only part of primary air or 
whole of it. Though pneumatic conveying consumes 
more power, impact is small because of low 
consumption of coal. 
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6 

15 

1 Kiln 2 Cooler 3 Cyclone 4 Mill fan 5 Coal mill 

6 Screw feeder 7 Raw coal hopper 8 Cyclone 9 Fine coal hopper 

10 Screw feeder pulverized coal 11 P.Afan 12 Dust collector 13 Screw conveyor 

14 Dust collector fan 15 Rotary air lock 16 Ventury 

Fig. 19a.2 Indirect firing system for coal for cement kiln. 

1 Kiln 

5 Screw feeder 

9 Screw feeders 

13 Dust collector 

2 Cooler 

6 Raw coal hopper 

10 P. A. fan 

14 Screw conveyor 

3 Cyclone-1 

7 Fine coal 

11 Rotary air lock 

15 Dust collector fan 

Fig. 19a.3 Coal grinding and firing system with vertical mill at cooler end. 

4 Coal mill 

8 Fine coal hopper 

12 Mill fan 
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5 

From screw 
feeder Kiln 

Hot air from 
-#-f-~""""""7"""\ 13 Preheater 

1 Kiln 2 Cooler 3 Cyclone - 2 

7 Cyclone for fine coal 

4 Coal mill 5 Screw feeder 

9 Screw feeders 6 Raw coal hopper 

10 Mill fan 11 ESP 12 Screw conveyor 

8 Fine coal hopper 

13 Hot P. A. fan 

Fig. 19a.4 Coal grinding and firing system with vertical mill at preheater end. 

Either a ventury is used to introduce coal into 
conveying pipe or an ejector. 

Distances over which coal is to be conveyed 
depends on location of coal mill. When it is at cooler 
end, distance to kiln is short and to calciner long; its 
vice versa when mill is at pre heater end. 
See Figs. 19a.3 and 19a.4. 

19a.6 Burners 
Conventional burner for kiln is a refractory lined pipe 
with a nozzle. Diameter of nozzle is designed to obtain 
a velocity of ~ 70 mlsec at the tip. Velocity depends 
on the diameter of the kiln. It cannot be adjusted in 
running. 
See Figs. 19a.6 and 19a.13. 

Now multi channel burners are used to fire coal. 
They can also be used to fire oil during start up and for 
pre-heating refractory. A good tum down ratio 6 : 1 is 
necessary for this purpose. Multi channel burners 
require minimum primary air. About 2.5 % of primary 
air is used as conveying air for coal. 
See Figs. 19a.7 and 19a.8. 

As explained earlier, it is possible to use hot air 
from cooler as primary air. Multi channel burners mix 
air and coal more thoroughly and give the air coal mix 
a swirling motion. 

Burners should be designed to obtain a short flame 
and to complete combustion. Flame control is important 
for producing good quality clinker. 

19a.6.1 Oil and Gas Burners 
Figs. 19a.9 and 19a.10 show oil burners and gas 
burners. 

Oil firing needs preparation by way of heating oil 
to temperatures that would facilitate its atomization. 
Atomization can be by using gear or screw pumps or 
by using compressed air. 

Oil firing units are self contained twin heating and 
pumping units installed on the burners' platform. 
See Fig. 19a.11. 

Oil is stored in day service tanks located near the 
burners' platform. Main storage will be at a distance. 
Its storage and handling has been shown schematically 
in Fig. 19a.12. 
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3 

1 Feed hopper with quick feeding valve 

3 Feed screw with variable speed drive 

G 

I 
~_ ..... I 

~-----G min 
II Time 

II II 

:~I-~----------~.~I~: • .--------
Gravimetric Volumetric 

4 

Measurement and 
control 

2 Bin on load cell 

4 Control panel 

Fig. 19a. 5a Loss in weight system for pulverised coal feed. 

Bin on load cell 

Star feeder 

Flow meter 

Ejector 
Precalciner burner 

Blower 

::):l:=t=~===================::r=l=::::::::::> Kiln burner 

Fig. 19a. 5b Schematic arrangement of coal feed system for kiln and calciner. 
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a Conventional burner nozzles 
b Improved design to obtain short intensive flame 

Fig. 198.6 Nozzles for coal burners for 
rotating kilns. 

---Fuel oil 

Inner air stream 

stream 

Fig. 198.8 Section of burner nozzle. 

Gas burners are the simplest as gas does not need 
any preparation for firing. Metering oil and gas are 
easy and accurate also. 

19a.7 Firing Fuel in Calciner 
Metering system to meter and regulate rate of fuel to 
be fired are the same for Calciner as for kiln. Since 
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---

Fig. 198.7 Multi channel swiril flame burner. 

/ 
}I-

I 
/ 

-

2 Oil return 

3 Turbulance chamber 4 Nozzle plates 

a. Oil return burner 

b. Pressure oil compressed air burner 

Fig. 198.9 Oil burner nozzles. 

temperatures in calciner are much lower than those 
required to be maintained in the burning zone, velocities 
at which coal is introduced are much lower - around 
20 mlsec. Firing of coal has been described in Chapter 17. 
See Fig. 17.20. 

Fig. 8.12 in Chapter 8 show installations of coal 
grinding, coal storage and metering. 
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--
1 Fuel oil inlet from day tank or from main oil tank 

4 Pump & motor No.2 

7 Oil return to tank 

9 Oil line to kiln burner 

-

2 Duplex coarse strainer 

5 Oil pressure regulator 

8 Duplex fine or discharge strainer 

10 Heaters 

Fig. 19a.11 Typical pump and heater set for oil burner for rotary kiln. 

1t-e::I:3- - - - - Ef -33-
a 

b 
a Gas burner with displaceable nozzle core 
b Gas burner with core & deflectors 

Fig. 19a.10 Gas burners for rotary kilns. 

3 Pump & motor No.1 

6 Oil relief line 
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1 Oil tanks 

2 Earthen bund around it to isolate tanks 

3 Gate 

4 Separate entry for oil tankers 

011 tanks are preferably located near boundary walls away from production department 

4 

2 
5 1 Oil storage tanks 

2 Oil heaters for extacting 

3 Electrically heated 

3 
pipe line to DG sets 

4 Day services tanks 

5 Diesel engines 

2 

To day service tank near burners platform 

Fig. 19a.12 Taking oil to DG sets and for firing it in kilns. 
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Fig.19a.13 Velocity in coal burner nozzle. 



CHAPTER 20 

20.1 Cooling of Clinker 

Clinker as it emerges from the kiln has a temperature 
of about 1350 0c. It cannot be safely handled at this 
temperature. It has to be therefore cooled to 
temperatures at which it could be handled by common 
conveying equipment like belt conveyors, chain 
conveyors, bucket conveyors. 

Air is the media for cooling. It is also the media for 
combustion. Therefore it followed that air that was 
itself preheated in cooling clinker should be used in 
kiln (and also in calciner when there is one) for 
combustion of fuel. 

Clinker coolers thus have a dual function; one to 
cool clinker to desired temperatures ; and to preheat 
air for combustion in kiln and calciner. 

There are 3 types of coolers for cooling clinker, but 
the prevalent cooler is the reciprocating grate cooler 
and its variants. 

20.2 Rotary Cooler 
It is the oldest form of clinker cooler and was used in 
the days of wet kilns. Rotary coolers up to 2000 tpd 
capacity were once in operation. 
See Fig. 20.1. 

In construction it is like a rotary dryer. It has about 
one third of its length lined with refractory at feed end. 
Next one third is lined with heat resisting liners and 
lifters. And the balance is lined with wear resisting 
liners and lifters. 

Kiln LD. Fan pulls cooling air through the cooler; it 
passes into kiln as combustion air. 

In principle air can be drawn from the rotary cooler 
for firing in a calciner. 
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CLINKER COOLERS 
PLANETARY COOLERS 

1 Kiln 

3 Kiln hood 

5 Rotary cooler 

8 Hood 

5 

2 Last supporting station 

4 Chute 

6,7 Supporting stations 

9 Clinker conveyor 

Fig. 20.1 Rotary cooler. 

20.3 Planetary Coolers 
Rotary cooler was replaced by 'satellite' or 'planetary 
coolers' which are 10 / 12 tubes mounted on the kiln 
shell and rotating with it. 
See Figs. 20.2 and 20.3 and also 19.3 and 19.4 in 
Chapter 19. 

20.3.1 Mouthpiece 
The tube has three parts: 

(i) Mouthpiece, bolted to kiln shell. It is made of 
heat resisting cast steel when not lined with 
refractory / castables. 
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Grill 
------010~ 

t 

- Crusher 

Fig. 20.2 

1 Kiln shell 

3 Elbow 

Planetary cooler discharge end. 

4 

2 Mouth piece of cooler tube 

4 Cooler tube 

5 Refractory in cooler tube 

6 Refractory in kiln 

Fig. 20.3 Planetary cooler tubes - mouth 
piece and below. 

(ii) Elbow, which connects mouthpiece to the cooler 
tube. It changes direction of clinker flow. To 
prevent clinker returning to the kiln, the inlet and 
outlet are offset. 
See Figs. 20.3 and 20.4. 

(iii) Cooler tube. 

Fig. 20.4 Feed into cooler tube at an angle 
to prevent return into kiln. 

20.3.2 Elbow 
Elbow can be made of : 

(i) Heat resisting casting with fins to help 
dissipation of heat. 

(ii) M.S. plate with replaceable liners of heat 
resisting steel. 



(iii) M.S. plate lined with castable I refractory lining. 

For odd shape of the elbow, castable is best 

suited as a lining. 

See Fig. 20.5. 

3 

Castable 

1 Heat resisting cast steel elbow made with fins 
for heat dissipation 

2 M.S elbow with heat resisting cast steel 
plates bolted to elbow 

3 Elbow lined with castable with the help of anchors 

Fig. 20.5 Cooler tube elbow pieces with 
alternative construction. 

However, it has to withstand hot abrasive clinker 

flowing over it. Hence wear is a continuing problem in 

elbows. 

Leakage through holes and cracks of welding is a 

persistent problem. 

It is best to keep one set of elbows ready for 

replacement to save down time. 

20.3.3 Tubes 
Tubes have 25-30% of their length lined with refractory. 

The lining is often stepped for more surface to improve 

heat exchange and also to guide clinker movement 

forward. 

See Figs. 20.6 and 20.7. 
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25-30% of shell is fitted with heat resisting steel 
liners and lifters for exchange of heat and for spreading 
clinker in air stream. 

Balance 40-50% of shell is fitted with mild steel 
liners and channels I angles bolted or welded to shell. 
Liners would increase life of shell. 
See Figs. 20.6 and 20.7. 

Tubes are supported from Kiln shell, which permits 
expansion of tubes in hot conditions radially and also 
length wise. 
See Fig. 20.8. 

20.4 Thbe Design and Last Support 
In earlier designs, lid ratio of tubes used to be about 
6: I with new designs it is 10: I. This made tubes heavier 
and overhang increased considerably. Weight of coolers 
tubes therefore caused a considerable amount turning 
moment on the 151 support of the kiln (discharge end). 

For kiln with planetary coolers, the 151 support is 
therefore designed for heavier loads with tyres and 
rollers larger in size and width. Even bearings would 
be larger in size. 

For very large kilns the over hung weight is taken 
by installing a small roller station to support kiln shell. 
The roller station will have smaller diameter rollers 
and lighter tyre. 
See Fig. 19.4. 

20.5 Cooler Hood 
Cooler tubes discharge clinker into a casing. 
See Fig. 20.2. 

A grill removes fines i.e., - 20 to - 25 mm which go 
direct to clinker conveyor below which is mostly a drag 
chain conveyor I deep bucket conveyor. The over size 
lumps go to a clinker crusher which breaks lumps to -
25 mm and feeds it to the same conveyor as shown. 
See Fig. 20.2. 

20.6 Air for Combustion and Cooling 
Secondary air for combustion is drawn from the hood 
through the cooler tubes and into the kiln. This is also 
the air admitted into cooler tubes for cooling and hence 
it is limited to 0.9-1.2 nm 3/kg compared to 
2.2-2.5 nm3/kg used in grate coolers. 

Thus planetary coolers have limitations in cooling 
clinker; temperatures at discharge range from + 120°C 
to 160 0c. 
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Fig. 20.6 

Fig. 20.7 

1 ::: 30% length refractory lined 

2 .. 30% length with heat resisting steel lifters and liners 

3 Balance 40% with M.S liners and lifters 

Planetary cooler tubes general construction. 

1 

2 

1 
1 

2 

2 
1 

2 

3 

3 

Cooler tube construction cross sectional views. 

1 Shell 

2 Stepped refractory lining 

1 Shell 

2 Heat resisting steel liners 
and lifters 

1 Shell 

2 M.S liner 

3 Channell angle lifter 



Support design should permit 

linear and radial expansion of tube 
along with expansion of kiln shell 

Fig. 20.8 Cooler tube support. 

20.7 Limitations of Planetary Cooler 
Limitations of planetary coolers were further 
underlined when ca1ciners became part of the kiln 
system. Air to ca1ciners can be drawn only through 
kiln in case of planetary coolers. 

On some kilns with planetary coolers, in line 
ca1ciners have been installed, but increase in capacity 

is limited to 30 to 40 %. 

In grate coolers, the capacity of an existing cooler 
can be increased by adding another grate or grates. 
Such a facility is not available with planetary coolers. 

Therefore coming of ca1ciner has put a stop to 
development and use of planetary coolers. 

20.8 Planetary Coolers and Small Kiln 
Most small kilns were installed with planetary coolers 
because: 

1. Expansion was considered unlikely, 

2. they did not need a separate drive, 

3. they did not need additional fans, 
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4. there were no problems related to pollution 
because there was no vent, 

5. were cheaper in overall costs. 

The kiln itself requires slightly more power. Extra 

power required per ton of clinker would be = power 
for kiln only + 0.03 xL kwl ton of clinker. Where L is 
the length of cooler tube. 

For example if a kiln with grate cooler would have 
required 2.0 units 1 ton of clinker and if planetary cooler 
had tubes 7 m long, then extra power for kiln with 
planetary coolers would be 

= 2 + 0.03 x 7 = 2.21 Kwh 1 ton 

If the kiln had a capacity of say 400 tpd, then power 

drawn would be 

2.21 x 400/24 = 37 KW 

as against 33 KW for kiln with grate cooler. 

Motors installed would be ~ 56 and 50 KW ratings 
respectively. 

20.9 Coal Firing Pipe 
Planetary coolers require a long tunnel to reach up to 
kiln hood. 

Arrangements required for manipulating burner pipe 
are more elaborate because it has to come out of the 
tunnel first. This has been explained in Chapter 19 
on kilns. 
See Fig. 19.4. 

20.10 
When small plants decided to increase the capacity of 
kiln by installing a ca1ciner, planetary coolers were 
replaced by a grate cooler. 
See Fig. 20.9. 

In majority of cases this was possible. In 
exceptional cases, grate cooler was installed at right 
angles to kiln. 
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Fig. 20.9 
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L1 
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3 

1 Kiln 

2 Last kiln supporting station 

3 Planetary cooler 

4 Kiln hood 

5 Grate cooler 

Depth d1 from burners platform 
to clinker conveyor 

d2 Depth from burners platform 

to clinker conveyor 

L2 .. I 
Depth d2 much larger than depth d1 -

length wise also grate cooler would need more space 

Replacing planetary cooler by grate cooler. 



CHAPTER 21 

21.1 Grate Coolers 
The predominantly used coolers to cool clinker are the 
reciprocating grate coolers and their variations. Clinker 
coolers have seen a great many developments to cope 
with large 7000 to 10000 tpd capacity kilns. 

As mentioned in Chapter 14 on traveling grate 
preheaters, the same grate could also be used as clinker 
cooler. However it did not become popular. 

Reciprocating grate coolers on the other hand, have 
seen considerable development in the last 2 decades 
and have come a long way from the proto types used 
in 50s. Major developments were: 

1. Combi cooler - with inclined and horizontal 
grates. 

2. Multiple grate coolers. 

3. Static grates KIDS / controlled flow grates cooler. 
See Figs. 21.1 to 21.3. 

4. Pendulum cooler. 

5. Indirect after cooler -G Cooler. 

21.1.1 Cross Bar Cooler 
In Cross bar coolers, a system of cross bars moves 
inside a casing doing the work of reciprocating grates. 

21.2 Increase in Size and 
Capacity of Grate Coolers 

Coolers have increased in size / area to match with 
the increase in the capacity of the kiln. 

Introduction of calciner kilns increased capacity of 
kiln of a given size by 2.5 times. 
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I '" 
/////////// 

Horizontal 

\'\0000 Inclined 

Combination 

Inclined + Horizontal two drives 

Fig. 21.1 Different arrangements of grate coolers. 

Es--4--
2 

---I 
* Could be inclined also 

1 First Grate 2 Second Grate 

3 Drives of two grates 

Fig. 21.2 Two width cooler. 
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2 
1 

1 Kiln 2 Hood 3 Cooler 

4 Static gate 5,6 Reciprocating grates 

7 Compartment under static grate 

8 Compartments under reciprocating grate 

Part of 1 st grate is converted into static grate as shown 

Static grate is normally 6 - 8 rows in length 

Fig. 21.3 Cooler with static grate. 

There being a relation between cooler width and 
diameter of kiln for ensuring even spread of clinker on 
the grate plates, coolers of a given width have now to 
receive and cool clinker at much higher rates. 

Concepts in cooler design and use of cooling air 
have also undergone considerable changes even in 
conventional coolers. 

21.3 Reciprocating Grate Cooler 
A reciprocating grate cooler as the name suggests 
consists of a moving grate reciprocating over a 
stationary grate. The extent of movement is called the 
stroke. Stroke is also the extent of eccentricity. Clinker 
falling from the kiln is pushed in small steps grate after 
grate from inlet end to discharge end. 
See Figs. 21.4 and 21.5. 

21.3.1 Recuperation of Heat 
As mentioned earlier, a cooler has not only to cool 
clinker but also to recuperate heat and thereby bring 
down fuel consumption. Grate coolers have been found 
to be the best in this respect, reaching efficiencies of 
~ 70%. Figs. 21.6 and 21.7 show relation between 
cooling air and temperature of extracted air and heat 
recovered in kcal/kg. 
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Moving grate 
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~~ 3 

SectionAA Section BB 

1 Fixed frame 2 Moving frame 

3 Fixed grate support 

5 Grate plates 

4 Moving grate support 

Fig. 21.4 Reciprocating grate cooler 
basic features. 

1 Kiln 2 Grate cooler 3 Reciprocating frame 
4 Fixed frame 5 Grate plates 

a to e - Compartments of cooler 
S Stroke", 125 mm 
d1, d2, d3 - Depths of cli:1ker bed 
along length of cooler 

d1 =:: 600 mm d2 == 400 mm d3 '" 250-300 mm 

Fig. 21.5 Bed thicknesses of clinker in 
various sections of cooler. 
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21.4 Variable Speed Drive 
The speed of reciprocation or strokes per minute is 
adjustable and this for a given grate, determines 
thickness of clinker bed over it for a given output. 
Coolers have variable speed drives, mostly DC motors. 

Clinker travels over one or more grates according 
to capacity of cooler. 

21.4.1 Individual Drives for Grates 
Each grate has its own drive located as for as possible 
at center of grate to ensure smooth movement of grate 
without distortion, jerks, misalignment, etc. 

All grates can be run either at the same speed or at 
different speeds. It is customary to run grates slightly 
faster in sequence. 
See Fig. 21.8. 

Drives 

Bed thickness 600mm 

l 
400mm 

1 
300mm 

1 
6 rpm 9 rpm 12 rpm 

Fig. 21.8 Three grates driven at different speeds 
electrically coupled to maintain ratios 
and bed thicknesses. 
Three grates in series same width. 

21.4.2 Electrical Coupling of Drives 
Grates could be electrically coupled so that relative 
speeds between grates and hence bed thicknesses 
could be maintained at different outputs. 

21.5 Thickness of Clinker Bed 
In early days bed thicknesses were low 150-200 mm 
and cooler had maximum 2 compartments. 

Now bed thicknesses are between 300 to 800 mm. 

21.6 Cooling Air 
In all compartments cooling air enters clinker bed at 
ambient temperature (except in case ofre-circulation) 

and emerges at different temperatures from clinker 
bed. 

As mentioned earlier, quantities, corresponding to 
secondary air and tertiary air are drawn into kiln and 
calciner respectively and the balance is vented out. 

21.6.1 Utilising Cooling Air 
Generally speaking the 1 st and 2nd compartments of 
the cooler supply air for combustion. The balance of 
cooling air admitted into cooler can be used: 

(i) For drying in coal mill. 

(ii) As primary air for kiln. 
(iii) For drying slag / fly ash in cement mill. 

The rest is vented out. 

21.7 Under grate Compartments 
of Grate Cooler 

Cooler is highly compartmentalized to ensure requisite 
quantity of cooling air for each section of the cooler 
according to its needs. 
See Figs. 21.5 and 21.9. 
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Fig. 21.9 Clinker cooling curve. 



21.7.1 Arrangement of Compartments 

Different manufacturers of reciprocating grate coolers 
used different lengths of compartments. Some used a 
very short 1 st compartment; others a fairly long one. 

Commonly found lengths of cooler compartment 
expressed in numbers of grate plates are : 

3, 

3, 

3, 

6, 

6, 

6, 

9 One grate cooler 

9 and 

9/10 
Two grate cooler 

3, 

3, 

10 

6, 

6, 

12 

9 

9/10 } Three grate cooler 

Others use 

8*, 10, 17 and 

8*, 10, 10, 15 and 

8*, 10, 17, 8, 10, 17 

*effective area could be smaller because of 'horse shoe' 
shape at the beginning of the cooler. 

Above arrangements pertain to conventional grate 
coolers with reciprocating grates along the entire 
length. 

21. 7.2 Static Grate Cooler 
In coolers with static grate, the first compartment with 
inclined static grate is 8 to 10 rows long. Subsequent 
compartments are reciprocating grates and compartment 
lengths may follow patterns as above. 
See Fig. 21.3. 

21.8 Number of Grates 
Whether cooler should have one or more grates is 
decided by the grate area and the feasibility of having 
a single drive for it. With ca1ciner kilns cooler width 
necessarly is small (narrow), requiring coolers oflonger 
lengths. 

21.8.1 Width of Cooler 
A good width for a cooler is 0.65-0.70 times the clear 
diameter of a kiln. 

Grate Coolers 241 

Kiln Dia. 
m 

Cooler Width 

Earlier 1200 tpd Kiln 

Now 3000tpd with 
ca1ciner 

4.0 

4.0 

21.9 Specific Output of a Cooler 

m 

2.6 

2.6 

Like 'specific output' of a kiln, coolers also have a 
yardstick of 'specific output' which is tpd / m2 of grate 
area. This has continuously increased with increase in 
thickness of bed. 
See Table 21.1. 

Earlier specific output used to be = 25 tpdlm2 

Now for conventional cooler = 40 tpdlm2 

For cooler with static grate = 50-55 tpdlm2 

Table 21.1 

Sp. Output tpd 1m2 grate area 

25 40 55 

Grate area for 1200 tpd cap. m2 48 30 22 

Grate width for size of kiln m 2.6 2.6 2.6 

Grate length m 18.5 11.5 8.50 

Required No. of rows 60 38 28 

Each plate - 305 mm (effective) 

Therefore each 1 m ~ 3.28 rows 

Kiln capacity raised to 3000 tpd capacity with calciner; cooler 
width still remains 2.6 m 

Grate area m2 

Grate length m 

Required No. of rows 

75 
29 

95 

55 

21 

69 

Thus if cooler was originally sized for 25 tpdlm2, it 
would have 60 rows and can be converted into a 3000 
tpd by adding a second grate of 35 rows at 40 tpd / m2 

loading. If it was sized for 40 tpdlm2, the grate area 
would have to be increased by 95-38 = 57 rows at 
same specific loading which would mean 2 additional 
grates. 

However, if this cooler is converted into static grate, 
the increase would be 69-38 = 31 rows i.e., only one 
additional grate would suffice. 

However, the mechanical design of the components 
like moving and stationary frames, shafts would have 
to taken into account as bed thickness and speeds 
increase. 
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21.10 Two Width Cooler 
It is also possible to install a 2 width cooler i.e., width 
of 1 sl grate remains 2.6 metres to suit diameter of kiln; 
subsequqnt grates can be wider by two grate plates or 
2.6 + 0.6 = 3.2 metres. This will reduce over all length 
of cooler for same out put. 
See Fig. 21.2. 

In cases of a large number of small plants increase 
in capacity has been obtained by : 

1. Removing planetary cooler and replacing it by a 
grate cooler. 
See Fig. 20.9 in Chapter 20. 

2. Extending length of the existing grate cooler 

(i) Same width - drive of higher rating. 

(ii) 2nd grate - same width - new drive. 

(iii) 2nd grate - wider and new drive. 
See Figs. 21.2, 21.8 and 21.10. 
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1 Existing grate cooler 

2 Extended cooler (same width or wider) 

3 Drive - 1 st grate 4 Drive - 2nd grate 
5 Existing spillage drag chain 
6 Extended spillage drag chain 

7 Clinker breaker shifted to 8 
9 1 st clinker discharge 

10 New clinker discharge 

Fig. 21.10 Grate cooler - enhancement of capacity 
by increasing grate area. 

21.11 Cooler at Right Angles to Kiln 

In some exceptional cases where layout did not permit 
installation of cooler in line with the kiln, cooler has 

been installed at right angles but this option should 
remain as an exception only. 

See Fig. 21.11. 

2 

3 

Plan 

@ 

IZ3 - Dead grates to prevent escape of cooling air 

1 Kiln 2 Hood 

3 Grate cooler at right angles to kiln 

4 Fall of clinker 5 Escape of cooling air 

Fig. 21.11 Cooler at right angles to kiln; 
this arrangement permits escape 
of cooling air. 

3 

Clinker falls from the kiln as shown off center from 
kiln center because it is raised inside the kiln due to 
rotation of the kiln. Therefore center lines of kiln and 
cooler are offset so that clinker falls evenly across the 
width of the cooler. 
See Fig. 21.12. 

Cooler width should be such that clinker should be 
spread evenly over it. Otherwise, cooling air would 
escape from any uncovered area and would be in 
effective. Hence the convention that cooler width 
should be 0.65 to 0.7 times diameter of kiln. 

An in line cooler has a far greater chance of even 
distribution than a cooler at right angles. 

In a right angle cooler, the clinker tends to be heaped 
up in the middle with very low thickness at sides, cooling 
air would thus tend to escape from sides. 
See Fig. 21.11. 

21.12 Forward and Reverse Flow Coolers 
Coolers have mostly been installed in line and in 
forward flow arrangements. 

In some old layouts, coolers have been installed in 
reverse flow arrangements i.e., under the kiln piers. 
See Fig. 21.13. 
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1 Kiln 

3 Charge inside kiln 

5 Grate cooler 
7 £ of grate cooler 

a - Offset 400 - 600 m 

2 Direction of rotation 

4 Clinker falling from kiln 

6 £ of kiln 

t = Bed thickness 

x - Cooling air escaping from sides if cooler is 
too wide or bed thickness is too thin 

Fig. 21.12 

1 Kiln 

Discharge from kiln into cooler 
need for offset. 

Dead shelf, 
ineffective 
grate area 

3 Reverse flow cooler 

2 Hood 

41st pier 

h - Height of pier increased to accommodate 
cooler with external drag chain 

o -Difficult to accommodate tertiary air 
duct to calciner 

Fig. 21.13 Reverse flow cooler. 
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This may save space but has several disadvantages. 
In new designs of coolers spillage drag chain is outside 
the cooler. 

This arrangement increases total height of cooler 
grate on account of hopper and drag chain. To 
accommodate such a cooler under the piers raises 
heights of kiln piers substantially. 
Fig. 21.13. 

It is also difficult to install take off tertiary air duct 
from cooler as its location falls right under the piers. 
Hence such arrangements are seldom found now. 

21.13 Layout of Cooler with 
respect to Kiln 

In the cooler layout, it is optional whether cooler 
hoppers and drag chain and deep bucket conveyor 
should be at ground level or below ground level. 
Present trend is to install spillage drag chain at ground 
level and only deep bucket conveyor is installed below 
ground level. 

It raises height of kiln piers and also that of 
preheater tower but there are no other restrictions. In 
this arrangement, spillage drag chain is freely 
accessible. There is no long tunnel and its venting is 
not required. 
See Figs. 21.14 and 21.15 and 15.43 in 
Chapter 15. 

Cooling fans have to be installed however, on 
pedestal type foundations and a platform is required 
along the length of cooler. 

21.13.1 Sloping Ground 
A sloping ground can thus be used with great advantage 
in reducing civil costs for preheater kiln and cooler. 
See Fig. 21.16. 

21.14 Cooler Lubrication 
Most coolers would be equipped with central grease 
lubrication systems to lubricate bearings continuously. 
It is convenient to have bearings outside from point of 
maintenance and inspection. However in some designs 
bearings are inside to avoid leakage problems. 

When shafts project outside the casing, seals need 
to be provided to prevent cooling air escaping. This is 
particularly true of wheel shafts which have a 
reciprocating motion. 
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1 Kiln 2 Hood 3 Cooler 

4 Clinker breaker 5 Hoppers 6 Spillage drag chain 

7 Deep bucket conveyor 8 Cooling air fan 

d - Total depth below ground level 
c - Center of kiln above ground level 

w1 - Width tunnel for spillage drag chain 

w2 - Width of tunnel for deep bucket conveyor 

Fig. 21.14 Clinker breaker at ground level. 

1 Preheater tower 2 Kiln 

AA Level contour 

1 Kiln 
3 Cooler 
6 Spillage drag chain 

8 Cooling air fan 

2 Hood 
5 Hoppers 
7 Deep bucket conveyor 

d' - Tunnel for deep bucket conveyor (min 2 m deep) 
(less than d in Fig. 21.14) 

c' - Center of kiln above ground level 
(much higher than c in Fig. 21.14) 

Fig. 21.15 Spillage drag chain at ground level; 
kiln at raised height - fans at higher level. 

3 Cooler 

BB Sloping contour 

h1, h2, h3 depths of piers for sloping contour 

H depth for level contour 

Height of piers & height of preheater building substantially 
reduced for sloping contour 

Fig. 21.16 Sloping Contour. 
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1 6 Eccentric 

5 Throw 

-r=; 7 
I 

g I 

-

1 Chain Sprocket Wheel 
2 Chain 
3 Sprocket Pinion 
4 Gearbox 
5 Variable speed motor 
6 Connecting rods 
7 Wheels reciprocating motion -

Throw by Eccentric 

~_2--': G 
4 is Connecllng rods convert ciroular motion into redprocating motion 

Fig. 21.17 Cooler drive - variable speed 
(Rotating motion converted to reciprocating motion). 

21.15 Drives 
Cooler grates are driven by variable speed drives, 
mostly DC. The drive consists of a d.c. motor, a gear 
box and roller chain and sprockets. The rotating motion 
is converted into reciprocating motion by connecting 
rods and eccentrics. The eccentricity decides the 

'stroke' or travel of moving grate over the stationery 
grate. 

Though drive is on one side, to prevent skewing 

connecting rods are on both sides of the cooler. 
See Fig. 21.17. 

21.15.1 Hydraulic Drive 
Presently hydraulic drives have been introduced which 
can impart reciprocating movement directly. Drive is 
located centrally under the grate. This is possible 
because in the present system of supply of cooling air 
to grate plates, spillage is minimum. 

21.16 Refractories 
Clinker falls into cooler from the kiln at a temperature 
of about 1370 0c. Therefore cooler inlet, and entire 
cooler chamber above the reciprocating grates, 
including roof is lined with refractories and insulating 
bricks; roof has hanging refractories. 

Hanging refractories are suspended from beams 
in the roof in the same manner as hanging bricks of 
roofs of preheater cyclones. 

To minimise radiation losses, insulating bricks or 
hysil blocks are fixed next to the wall. Castables with 
suitable anchors are also used. 
See Figs. 21.18 and 21.19. 

Radiation losses from grate cooler are quite small
only about 5 kca1/k:g clinker. 

21.16.1 Throat Area of Cooler 
The rounded throat area at inlet of cooler is vulnerable 
to wear. The t.a. duct makes it more difficult to 
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Burners plat form. 

h 

/////// ///////////////////// /////h////////// 

1 Cooler throat 
2 Refractories 
3 Roof hanging refractories 
4 Take off for teritary air 

Area circled prone to wear of refractories also difficult to maintain 

h - Head room above grate 
c - Clearance between cooler & underside of beam 

Fig. 21.18 Refractories in grate cooler. 
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1 Casing 

2 Insulating block 

3 Bolts to hold blocks 

4 Refractory 

1 

Fig. 21.19 Refractory lining in cooler. 

1 Casing 

2 Anchors 

3 Castable 

maintain / replace refractories in this area. There should 
be enough head room inside the cooler to reduce 
velocity in this zone to 4-6 mlsec. 

There should also be enough clearance marked 'c' 

in Fig. 21.18 between top of cooler and beam of 
burners' platform to facilitate access and maintenance. 

21.17 Grate Cooler 
Typical layout of a cooler with static grate has been 
shown in Fig 21.20. And Fig. 21.21 shows layout of 
a folax cooler where hot air for calciner is drawn from 
kiln hood. 
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Right and left halves of KIDS get separate air supplies which can be controlled individually 
There are clinker pushers in the back wall of the cooler 

Fig. 21.20 Fitting static grate (KIDS) in an existing grate cooler, 
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CHAPTER 22 

CLINKER COOLERS, 
COLLECTING SPILLAGE AND PRODUCT 

22.1 Spillage in Conventional Grate Coolers 
This Chapter applies mainly to conventional grate 
coolers. In them, grate plates have small holes of about 
6 mm diameter admitting cooling air into clinker bed. 
Fines from clinker pass through these holes and drop 
in the air compartment below. 

Quantum of fines so collected depends on 
granulometry of clinker produced. Some kilns produce 
more fines than the others. In general, in kilns with 
ca1ciners, percentage of fines is much more than in 
case of straight preheater kilns. 

Dust collected has a temperature of ~ 1000 °C in 
the first compartment to ~ 100°C in the last 
compartment. 

22.2 Collection and Transport of Dust 
This dust has to be collected and removed on a 
continuing basis for continuous running of the cooler. 

It is collected in hopper / hoppers under each air 
chamber and discharged into a clinker conveyor 
underneath. 

The conveyor underneath can either be only for 
spillage or also for the total capacity of the kiln. In 
straight layout of kiln and cooler, it needs to be only 
for spillage. 

22.2.1 Drag Chain Conveyor 
The most commonly used conveyor for this application 
is a drag chain conveyor because of high temperatures 
and abrasive nature of clinker. 

Drag chain conveyor consists of chain links made 
of manganese steel, which are hard faced. The bottom 
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strand of the conveyor pulls / drags clinker on a bed of 
clinker / steel at slow speeds. 
See Fig. 22.1. 

The trough in which bottom strand moves is made 
of concrete lined with steel plates. On the bottom, rails 
are embedded on which the strand moves at speeds 
of 1-1.5 mlsec. 

22.3 Capacity of Spillage Conveyor 
The drag chain conveyor, because of its slow speed, 
has a small capacity. Since it is required to handle 
spillage most of the times, its capacity needs to be 
only about 10-15% for preheater kilns and about 30% 
for ca1ciner kilns. 

Thus for a 3000 tpd kiln with ca1ciner the capacity 
of spillage drag chain needs to convey at the rate of 
3000/24 x 0.30 = 37.5 tph only. 

22.3.1 Upset Condition of Kiln 
Kilns undergo upsets now and then. During upset 
conditions, under burnt clinker, which is very fine rushes 
through kiln and cooler at very high rates. 

Therefore, the drag chain conveyor for spillage is 
also required to be sized for coping with upset 
conditions. 

Upset conditions are taken at 1.3 times normal 
conditions. Therefore drag chain conveyor is sized 
20-30% above upset condition. 

Kiln rated capacity - 3000 tpd 
Design capacity - 3300 tpd 
Output under upset condition 

at design capacity - 4300 tpd /178.75 tph 
spillage at 30 % 54 tph 
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~
gChainlink 

Rail 

Trough 
lining plate Rails grouted for wear 

Position 'b' more convenient for maintenance of valves 
Drag chain can be covered to contain dust 

y - Depth required below pendulum flap valve 

Fig. 22.1 Spillage drag chain conveyor under cooler. 

Design capacity for drag chain 65-70 tph 

Main as well as spillage conveyors are sized, 
65-75% above the rated capacity of the klin. 

22.4 
Normally drag chain conveyor would be installed 

horizontally. They can also be installed at angles up to 
10-12 degrees but then their capacity drops appreciably. 
This factor has to be taken into account in selecting 
the width of the conveyor. 

22.5 Product Conveyor 
If the conveyor under cooler hoppers is required to 
handle total product, this conveyor would be most likely, 
a deep bucket conveyor; hence would require much 
more height under the pendulum flaps. 

See Fig. 22.2. 

'x' would be same, but 'z' in Fig. 22.2 would be 
much greater than 'y' in Fig. 22.1. The overall depth 

below ground level will be less because drag chain 
has been eliminated. 

However, this solution would be rather expensive 
in capital costs as the deep bucket conveyor would 
have to be sized to 65-70% over rated capacity of kiln 
i.e., 212-215 tph. 

1 Clinker breaker 2 Hoppers 

3 Pendulum flap valves 4 Deep bucket conveyor 

Z - Depth required for deep bucket conveyor 

x + z is less than x + y + z 

where y = Height required for spillage drag chain 
(see Fig. 22.1) 

Fig. 22.2 Conveyor under cooler handles 
total product. This reduces total depth. 

22.6 Layout of Hoppers and 
Spillage Conveyor 

The air chamber under the grates, is divided into 
compartments. These are of different lengths, according 
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design concepts of respective manufacturers as 
explained in previous chapter. 
See Fig. 22.5. 

If clinker is not collected on regular basis from air 
chambers, it would form heaps in the chamber and 
would soon obstruct flow of cooling air and may also 
rub against the under sides of grates. 

Generally, therefore air chambers would have full 
or partial width hoppers underneath them. Partial 
hoppers would reduce the depth but would allow bigger 
clinker heaps in air chamber. 
See Figs. 22.3 Band 22.4. 

In exceptional cases, where it is necessary to keep 
depth below the cooler to a minimum, hoppers under 
the air chamber may be eliminated altogether. In this 
case, spillage drag chain should be oversized to prevent 
any accumulation of clinker heaps in air chambers. 
See Fig. 22.3 A. 

Air inlet -

A 

Under grate 

compartmen 

x 

B 

A No hoppers under cooler B Hoppers of full width 

y=d+x 

Fig. 22.3 

d = w/2 x tan50° 

Alternative arrangements for 
collecting spillage in under grate 
compartments. 

Hopper slopes are kept higher than the angle of 
repose of clinker i.e., 35°. 

For short compartments i.e., of 3 or 6 rows, there 

would be one hopper lengthwise under the compartment. 

For longer compartments there would be more than one 

hoppers for one compartment so that, depth is reduced 

-Air inlet 

x 

d = w/4 x tan 50° 

y=x+d 

Fig. 22.4 Partial hoppers to reduce depth. 

and is uniform for all compartments. 'y' should be same 

for all compartments throughout the length of the cooler 

for practical reasons. 

See Fig. 22.5. 

If the cooler width is very large 3.6 m or more, 
there may be 2 hoppers width wise also requiring 

2 drag chains of half the capacity each. 

See Fig. 22.6. 

22.7 Pendulum Flaps under Hoppers 
Air chambers receive cooling air at pressures ranging 

from 700 mrn wg to 150/200 mm wg. This air would 

tend to rush out when spillage collected is discharged. 

Therefore it is most important to provide seals to 

prevent the escape of air. This seal is provided by, 
maintaining a small layer of clinker in the air chamber 

and by, using pendulum flap valves singly or preferably 

in pairs. 

Rotary air locks would not be suitable because of 

abrasive nature of clinker. 

Pendulum flap valves can be gravity operated or 
motor operated with timer, cam and springs or even 

pneumatically operated. 

See Fig. 22.7. 

A single flap valve is the simplest arrangement but 

would still permit escape of air whenever valve opens. 

To avoid this, the valves are normally installed in pairs. 

A spacer piece is provided to enable first valve to 

be closed completely before the lower valve opens. 
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Fig. 22.5 

Under Grate Compartments 

2nd 3rd 

x Depth with single hopper 

y Multiple hopper 

4th 5th 

Hoppers and compartment lengths. More hoppers per compartment 
according to width and length of the compartment. 

1 
y 

• 

1 

y Depth with two hoppers 
x Depth with one hopper 1 Single Pendulum flap valve 

Fig. 22.6 If cooler is very wide, then two hoppers 
abreast across width will reduce depth. 

22.7.1 Drives for Flap Valves 
There could be one motor for each valve or one motor 
common for two valves when the valves would be 
connected by linkages. 

Profiled cams would be used to open the valve, the 
period for which it would remain open being decided 
by the profile, and the spring would shut it tight instantly. 

The valves may be made to operate sequentially 
along the length of the cooler to 'even' the load on the 
drag chain. 
See Fig. 22.8. 

Spacer piece 

2 Pair of pendulum flap 
valves with spacer 

Motorised flap valves 
with cams for closing 
and opening altemately 

Fig. 22.7 Single/double pendulum flap valves 
for discharge of clinker. 
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1,2,3 Pairs of valves 

2 3 4 5 
< : ) 

Each pair of valves - open and close alternately 

Valves 1, 2, 3 open sequentially to distribute load evenly on drag chain 

Fig. 22.8 Sequential operation of valves. 

Some manufacturers prefer hydraulically or 
pneumatically operated thrusters to open and to close 
the valves. However, they need to be of proven design 
to work in dusty and hot conditions. 

22.8 Layout for Maintenance 
Easy access to the valves for maintenance and repairs 
is very necessary. Therefore, sufficient width is 

Supportin 
Coulmn 

w 

b 

d 

J:=~""'O-=O Level 

Supporting 
Coulmn 

d - Depth of pit w - width of cooler 

a,b - Clearences for maintenance 

Fig. 22.9 Dimension of Tunnel for Hoppers and 
spillage drag chain; when it is under 
ground. 

provided on both sides and also height for this purpose. 
See Fig. 22.9. 

It is for this reason that it is now preferred to install 
drag chain at ground level. 

To contain dust nuisance, which is very likely when 
hoppers are empty the drag chain can be totally 
covered in a M.S. casing. 

It is vented out from one or both ends. 
See Fig. 22.10. 

For large kilns these tunnels under the cooler can 
be very long and hence need to be vented and lighted. 
The air drawn from the tunnel could be supplied to 
one of the cooling fans eliminating need for a separate 
dust collector. 
See Fig. 22.11. 

In one design, clinker collected in hoppers is emptied 
continuously by using compressed air. 
See Fig. 22.20. 

22.9 Spillage in New Designs 
With new types of grate plates that have box like 
construction with nozzles and where air is supplied 
individually to each grate plate, spillage is very much 
reduced. Hence in such cases all that has been 
described in paras 22.7 to 22.8 will hardly apply. 
Elimination of hoppers and spillage conveyor will 
reduce overall height of cooler. 
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Fig. 22.10 Cover on drag chain for containing and venting dust; to keep tunnel dust free. 

In to cooler under grate 

Tunnel Drag chain 

1 Cooling air fan 2 Hood to vent tunnel 

Fig. 22.11 Venting of tunnel 
sucked by cooling air fan and 
admited into cooler. 

In a cross bar cooler, there are no reciprocating 
grates as such. Such designs do not need hoppers 
underneath and spillage collection system and its layout 
in such cases will be simplified. 

22.10 Breaking Lumps of Clinker 
In a grate cooler, clinker is discharged through a grate 
consisting of grate bars spaced at 20-25 mm and 
installed at an angle of 45-50°. 

The oversize lumps are thrown back into the cooler 
by a hammer type clinker breaker installed at the end. 
The breaker covers the full width of cooler and consists 
of heavy manganese steel hammers. A clinker breaker 
is not a clinker crusher as such. The lumps are not 
broken inside the crusher against breaker plates as in 
regular crushers. They are thrown against curtains of 

chains and get broken. The breaking exposes red hot 
centers of lumps to cooling air before they are 
discharged through the grate bars. 
See Fig. 22.12. 

Chain curtains consist of heavy oval link chains or 
simply pieces of rails linked together. They may be 
one or more rows of curtain chains. 

22.10.1 Width of Clinker Breaker 
Clinker breaker has to be as wide as the cooler. A full 
width clinker breaker can normally cope with the 
increase of the capacity of the kiln after installing a 
calciner. 

Initial preheater kiln - 1200 tpd or 50 tph 

Kiln size 4.0 m dia x 60 m long 

Width of cooler 0.7 x 4.0 - 2.8 m 

Therefore clinker breaker installed - 2.8 m wide. 

Capacity of kiln after ca1ciner - 3000 tpd or 
125 tph 

Clinker breaker of 2.8 metres width would still be 
adequate for breaking lumps at 2.5 times the original 
rate. 
See Fig. 22.13. 

22.10.2 Location of Clinker Breaker 
When grate/s is/are added on an existing cooler, the 

clinker breaker is required to be shifted to the new 

location (Fig 22.14). If the width of the added grate 

is different then a new clinker breaker corresponding 

to the width of new grate would have to be added. 
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o .. . . 
20-25mm 

Dischage grate 

1 Clinker breaker 

2 Chain curtain 

Product 3 Grate bars 

Fig. 22.12 Clinker breaker and chain curtain to break lumps. 

Roof 

Chain curtain 

IOOOOOOOOOOOOOOOOOOOOO~ 
Clinker 

Hammer 

Drive motor 

Clinker breaker 

- i-----+_ 

Fig. 22.13 Full width clinker breaker is a must for a grate cooler. 

22.11 
In many small plants where a calciner was installed, 
coolers had to be extended by adding a second grate. 
The existing layout in such cases can pose a serious 
problem in accommodating the grate. 

The clinker discharge point has to be shifted. If it 
is not possible to do so then the drag chain under the 
new grate will have to be reversed to bring the clinker 
to original point of discharge. The new drag chain will 
handle total product plus spillage under the extended 
grate. 
See Fig. 22.15. 
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1 Existing Cooler 2 Extended Cooler 

Clinker breaker shifted to new position 
Discharge point shifted from A to B 

Fig. 22.14 Extending length of cooler to 
increase capacity. 

1 2 

7\ ,,-,1'\ 7\ 
V V V V =====0:: ___ _ 

..rE--- 6 

A 
Discharge point remains same 

1 Existing cooler 2 Extended cooler 
3 Clinker breaker 4 New position of clinker breaker 
5 Existing drag chain 

6 New drag chain for total product & spillage 

Fig. 22.15 Extending length of cooler to 
increase capacity. 

22.12 Roll Crusher 
In new designs a full width roll crusher is used to break 
clinker into fines. This crusher unlike breaker 
described earlier takes the total clinker produced and 
not just lumps. 
See Fig. 22.16. 

When there are more than one grate then roll 
crusher can be installed in the middle and fines 
produced will be cooled in the next grate. 
See Fig. 22.17. 

Even in old designs clinker breaker was left in its 
place when a new grate was added. The new grate 
was installed at a lower level to receive clinker. 
See Fig. 22.18. 

Some times grates were installed at different levels 
to break layers for better cooling. 
See Fig. 22.19. 

22.13 Continuous Conveying of Spillage 
One of the many developments is continuous pneumatic 
conveying of clinker dust in hoppers, eliminating 
pendulum flap valves and spillage drag chain. 
See Fig. 22.20 . 

22.14 Layout of Grate Cooler 
Layout of cooler will have to be fashioned to suit the 
design of main cooler and auxiliaries. There have been 
very many developments in coolers and it would be 
difficult to include all of them. As in case of pre heater 
and calciner it would be best to obtain recommendations 
of cooler layout from Suppliers. 
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Clinker 

Roll crusher 

Fig. 22.16 Roll crusher to break clinker. 

Clinker 

Existing grate 

Fig. 22.17 Roll crusher in middle. 

Clinker 

Clinker 

I....--:J....--:J....--:J....--:J....--:J....--:J....--:J....--:J 
New grate 

Fig. 22.18 Conventional cooler adding second grate. 
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Clinker 

1st grate 

New grate 

Fig. 22.19 Conventional cooler - adding new grate at lower level to turn clinker. 

Hopper dust 

~=========+,~====~-
Clinker dust 

-Air under pressure 

Fig. 22.20 Continuous pneumatic conveying of clinker dust to main clinker conveyor. 



CHAPTER 23 

23.1 Cooling Air 
The total cooling air admitted into cooler ranges 
between 2.0 nm3/kg for coolers with static grates to 
2.7 nm3/kg for conventional coolers. 

The quantity also depends on the temperature to 
which clinker is desired to be cooled and ambient 
temperature. 

From the clinker cooling curve, it can be seen that 
it is a flattening curve towards dischsrge end; for the 
same quantum of cooling air 'q', drop in temperature 
of clinker would be much higher at hot end than at 
cold end. 
See Fig. 23.1. 

t3 
12 

I. 
nm

3
/Kg Clinker 

t5 - t4 Drop in temp. of clinker by q nm
3
/kg. 

Clinker cooling air is much higher than 12 - t1 
at discharge end for same quantity of cooling air 

Fig. 23.1 Cooling curve. 
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COOLING AIR FANS 

23.2 Temperature of Clinker at Discharge 
The temperature to which clinker should be cooled 
depends on: 

1. Conveyors used to handle clinker after it 
emerges from cooler. 

2. The period between its coming out of cooler and 
being used in cement mills for grinding. If this 
period is long enough for clinker to get cooled to 
near ambient temperatures, clinker coming out 
of cooler can be comparatively hotter. 

Earlier, when belt conveyors were used to handle 
clinker, it was necessary to cool clinker to less than 
100°C. 

With deep bucket conveyors now being used 
universally, in large and small plants, clinker needs to 
be cooled down to about 150°C, assuming that by the 
time it reaches cement mills it would have cooled down 
to less than 100°C. 

The static grate brings down the requirement of 
total cooling air from 2.5 nm3 to 2.0-2.2 nm3/kg but 
clinker is discharged at about 120 to 160°C. 

Less cooling air also means less air to be vented. 

23.3 Fans for Cooling Air 
It is universal practice to use independent cooling air 
fans for each compartment to ensure that each section 
of clinker bed receives adequate quantity of cooling 
air at required pressure i.e., enough for it to penetrate 
through the clinker bed above it. 

Thus a 5 compartmental grate cooler would have 
5 fans; a 6 compartmental grate cooler would have 
6 fans and so on. 
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Perhaps only the last two compartments of the last 
grate will have a common fan. 

23.3.1 Fan for Statice Grate 
The static grate has its own cooling air fan requiring a 
much higher pressure as bed thickness is much higher 

in this section of the cooler. 

Thus a cooler may have anywhere between 3 to 

10-12 fans. 

See Fig. 23.2. 

or 

2 3 4 5 6 

1 - 6 Cooler compartments 

Fans for 1st compartment is generally installed behind 

All compartments have their own fans 
Last two compartments may have a common fan 

Fans staggered for more clear space before the inlet; 
normally each compartment would have its own fan 

Fig. 23.2 Layout of cooling air fans. 

23.4 Layout of Fans 
The fans could be arranged either all on one side or on 
both sides of the cooler as shown, which provides 

enough spacing between fans, and access to cooler is 
easier. It however requires wider space on both sides 
of the cooler to accommodate them. 

Fans may be installed at an angle to the cooler to 
provide sufficient space for a horizontal length of pipe 
at inlet for measuring quantity of cooling air. 
See Fig. 23.3 and 23.4. 

The cooling air fan for the I st compartment can 
also be installed behind the cooler under the kiln pier. 

23.4.1 Tertiary Air Duct and Dust Chamber 
A point to be considered in arranging fans is the location 
of tertiary air duct and dust chamber. 

1 2 

Fig. 23.3 

2 

u 

Fig. 23.4 

3 4 5 6 

Fans installed on opposite sides 
in uncluttered layout. 

3 4 5 6 

c:: c::\ 
\ 

Pipe to measure flow of air 

Fans may also be staggered 
or installed - 'skew' to install length of 
pipes at inlet to measure air flow 
of cooling air. 

The connecting duct and dust chamber need to be 

supported though they themselves would not obstruct 
installation of cooling fans for the 2nd and 3rd chambers. 

See Fig. 23.5. 

If the fans are laid out staggered on either side of 
cooler, then the fans would clear the supports of t.a. 
duct and dust chamber and discharge chutes from dust 
chamber to cooler or drag chain. 
See Figs. 23.4 and 23.5. 

The fans should be so arranged as to have a short 
straight duct connection to cooler air chamber. 
Preferably the air inlet should be at center of chamber 

and its height from the bottom should be such that even 
if clinker accumulates inside the chamber it would not 
block the air opening. 
See Fig. 23.6. 

A typical layout of cooling air fans on both sides of 
a cooler is shown in Fig 23.10. 
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1 Grate cooler 

2 Connecting duct 

3 Dust chamber 

4 Drag chain conveyor for spillage 

a, b, c Cooling air fans - alternately arranged on opposite sides 

Fig. 23.5 Cooling air fans so arranged as to facilitate support of connecting duct and dust chamber. 

2 

Inlet 3 

1 Grate cooler 2 Grate plates 

3 Under grate compartment 

Fig. 23.6 Cooling air inlet should not get 
blocked by heap of clinker. 

23.5 Facilites for Measurement 
of Cooling air 

Another important factor in the layout is to provide for 
the facility to measure air flow and to adjust the damper / 
speed to maintain the air flow. This is particularly so 
for 1 st, 2nd and 3rd compartments of the first grate. 
Any diminution of air flow in these compartments due 
to increase in bed thickness / variations in granulometry 
etc., would result in reduction in quantity of air for 
combustion and also in hot clinker at discharge end. 

It is therefore common to install piezzometer rings 
at inlets of fans when it is desired to measure quantity 
of air delivered by them. It also requires a long straight 

duct at air inlet for measurements to be accurate and 
dependable. 

The fans should therefore be so laid, at an angle as 
mentioned above, so that it is possible to have long 
straight lengths of inlet duct. If this is not possible, the 
inlet ducts are arranged vertically. 
See Fig. 23.7. 

2 

a Vertical pipe to save floor space 

b Horizontal pipe 

1 Pipe (6 to 10) x d of fan inlet 

3 Calibrating cone 

2 Piezzo meter ring 

4 Fan 

5 Fan out let 6 Lourve damper 

Fig. 23.7 Measurement of air flow with 
piezzo meter ring and calibrated cone. 
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Vanes opened Vanes closed 

1 Rotary vane damper 

2 Multi Louvre Damper 

Fig. 23.8 Rotary vane and multi Louvre dampers for flow control. 

It is now common to find that not only air flows are 
measured but they are recorded also. 

23.6 Dampers for Regulation 
Fans are fitted with multi louvre or multi vane radial 
dampers for regulating air flow. The dampers can be 
either on inlet or on outlet side of fan. 
See Fig. 23.8. 

The designs that cause least resistance to flow and 
regulate air flow evenly are preferred. All dampers 
are remote operated and controlled. 

The dampers are connected to air flow 
measurements and are opened or closed to maintain 
desired quantity of cooling air. 

The bed thicknesses and hence chamber pressures 
are maintained by regulating grate speeds. 

23.7 Cooler Level and Fans 
When the cooler is so laid out that air chambers are at 
ground level, fans would be installed on ground floor. 

But if cooler is so arranged that the spillage drag 
chain is at ground level, fans would either be installed 
on foundations at a high level with maintenance 
platforms around them. 

Alternatively fans could be installed at ground level 
and ducts taken to air chamber. 
See Fig. 23.9. 

23.8 Selection of Fans 

Fans are selected according to the air loading and pressure 
for each compartment. Different manufacturers have 
their own norms for air loading. 

23.8.1 Air Loading and Static Pressure of Fans 
Air loading, expressed in m3/ minlm2 gross area of the 
compartment, is maximum in the first compartment 
where clinker temperature is also maximum and 
reduces progressively as clinker temperature drops 
along the length of the cooler. The air loadings of the 
first two compartments are such that they supply the 
air required for combustion in the kiln and in the 
calciner. 

Static pressure required to be developed by fans is 
related to the thickness of bed of clinker and 
temperature of clinker. Pressures of fans decrease in 
conventional coolers from 800 mm to 250 mm for the 
last compartment. 

23.8.2 Typical Air Loadings 
Typical air loadings for conventional coolers using 2.5 
to 2.7 nm3/kg cooling air are shown in Table 23.1. 



A 

Cooler 

Air chamber 

Spillage 
drag chain 
conveyor 
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B 

± O.OOm 

option: A - Fans at raised level 
B - Fans at ground level 

Fig. 23.9 Layout of cooling air fans 
clinker cooler at high level above ground. 

Table 23.1 

Air loading in m3 /minl m2 

Compt 1 2 3 4 5 6 7 8 9 10 

1 grate 120 100 80 65 45 

2 grates 120 110 95 80 70 55 45 

3 grates 120 110 100 95 80 70 55 45 35 30 

23.8.3 Typical Static Pressures of Fans 
Typical air chamber pressures for different air loadings 
and bed thickneesses would be as shown in 
Table 23.2. 

Table 23.2 Air chamber pressure in mmwg. 

Bed thickness Air loading in m3/min I m2 

mn 80-120 60-80 50-60 <50 

200 200 200 150 150 

300 300 250 200 200 

400 400 300 250 200 

500 500 400 300 250 

600 600 500 400 350 

700 700 600 500 450 

800 800 700 600 550 

900 900 800 700 650 

(Reference : Data on air loading and static pressure of fans shown 
in Table 23.1 and 23.2 is from CPAG Manual on clinker coolers). 

23.9 Margins in Selection of Fans 
In selecting fans margins of 10-15 % on volume and 
20-30 % on pressure would be allowed for as in case 
of other fans. 

Since these fans handle clean air at ambient 
temperature, backward curved bladed fans which have 
a high efficiency ranging between 75 to 80 % are ideally 
suited. 

More than 60 % of Sp. power consumption for 
grate cooler is contributed by cooling and vent air fans. 
Therefore care should be taken in selection and in 
operation. 

23.10 Fans for New designs 
Specifications of fans for coolers of new design would 
be somewhat different than for fans for conventional 
coolers described above. 

Presently air is supplied individually to each grate 
plate and its supply is also controlled individually. 
Separate fans supply air to right and left sides of the 
grate. 

These developments have to be taken into account 
in selection of fans and their layout in consultation with 
the Supplier and the Consultant. 
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CHAPTER 24 

CLINKER COOLERS 
COOLER VENT AND DUST COLLECTORS 

24.1 Venting of Excess Cooling Air 
With improved fuel efficiencies, less and less air is 
required for combustion, between 0.85 to 0.90 nm3/kg 
of clinker where as cooling air would be between 2.2 
to 2.7 nm3/kg in conventional coolers and would be 
between 2 to 2.2 nm3/kg for coolers with static grates. 
The balance is therefore required to be vented. Quantity 
of vent air would be between 1.3 to 1.7 nm3/kg clinker 
for conventional coolers and 1.1 to 1.3 nm3/kg for 
coolers with static grates and other new designs. 

Thus vent air is only slightly less than sp. gas 
volumes of preheater which range between 
1.4 to 1.6 nm3/kg of clinker requiring large fans and 
large dust collectors. Vent air temperatures are 
between 150 to 220°C as against:: 150°C in earlier 
times. 

Earlier when belt conveyors were used to convey 
clinker, clinker was designed to be cooled to :: 65°C 
above ambient. Now with all metal deep bucket 
conveyor as the principal conveyor, clinker is cooled 
to:: 120-150 °C. 

24.1.1 Venting Under Upset Condition 
Reference has already been made to the upset condition 
of the kiln. Allowance is required to be made for such 
conditions of kiln. Vent fan and dust collector are 
therefore required to be sized 1.3 times more i.e., 
between 1.7 to 2.2 nm3/kg clinker. Temperature of 
vent air under upset condition of kiln could go up to as 
high as 270 to 300°C. 

24.2 Dust Collectors for Venting 
Clinker dust being coarse, till recently multiclone dust 
collectors were used to clean the vent gases. Dust 
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burden on raw side ranges between 10-15 grnlnm3 

and with 92-95% efficiency, dust content in cleaned 
gases would be between 500 to 1200 mg/nm3. The 
emission of clinker dust from cooler vent stacks was 
not specifically under the pollution control norms till 
recently as it settled within a short distance of the 
factory. 

But now even this emission is under the pollution 
control norms and the stack emission has to be 

< 110 mg/nm3 or as low as 55 mg/nm3 after expansion. 

24.2.1 Electrostatic Precipitator 
Therefore multiclones are no longer satisfactory. The 
coolers are now fitted mostly with ESPS for cleaning 

vent gases. Clinker has poor resistivity and hence ESPS 
are designed for low migration velocities resulting in 

dust collectors larger than that for kiln exhaust. 

Therefore, considerable space is required to install the 
dust collector at the discharge end of the cooler and 

for returning the dust to clinker conveyor. 

See Figs. 24.1 and 24.2. 

24.3 Layout of Dust Collector 
If the clinker storage is in line with the kiln then ESP 
be installed by the side. 
See Fig. 24.3. 

See Figure 24.4 for two identical kilns, coolers 

and dust collectors. 

If however coal mill is at preheater end, esp could 

be installed on the burners' platform itself. 

See Fig. 24.5. 

Also See Fig. 24.11 of an actual installation. 
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3 

Fig. 24.2 Plan of dust collector layout. 

t====t 4 

1 Cooler 

3 Drag chain for spillage 

5ESP 

7 Fan 

8 

2 Clinker breaker 

4 DBC conveyor 

6 Screw conveyor 

8 Chimney 

Fig. 24.1 Dust collector to vent cooler 
exhaust gases. 

It is possible to have a common chimney for 
exhausts of two coolers of two production lines and 
the chimney can be designed on that basis. 
See Fig. 24.6. 

24.3.1 Chimneys 
Cooler chimneys will be self supporting. If the formula 
recommended by the Pollution Control Board is used 

to work out the height of the chimneys, then chimneys 

of 25 to 30 m, height should suffice. But it is better to 

install taller chimneys so that even if dust emission 

exceeds 115 mg/nm3 the quality of ambient air 

surrounding the plant would not be affected. 

The layout of whole kiln section beginning with 

continuous blending and ending with clinker storage 
should be worked out not only for the 1 st kiln but also 

for subsequent expansion; firstly, with a view to provide 

adequate space for expansion and secondly to 

economise on storages and material handling facilities 

and utilities etc. 

24.4 Heat Exchanger and Bag Filter 
Bag filters can also be used for venting cooler if it is 

ensured that the temperature is brought down and 
maintained at < 100-120 0c. This is done by passing 

vent gases through an air to air heat exchanger. 
Because of abrasive nature of clinker dust, glass bags 

are not suitable even if they can withstand temperatures 

of 240°C. 

When kiln is upset, temperature of vent gases can 

go up by as much as 100°C. Heat exchanger should 
therefore be designed for upset conditions also. It 

would mean that it should be possible to supply cooling 
air in larger quantities during upset conditions. Increase 

in temperature of cooler vent gases should 

automatically increase quantity of cooling air in heat 
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1 Cooler 
2 Clinker breaker 

3DBC 

4 ESP 

5 
60 -801m dia 

5 Screw conveyor for dust 
6 ESP fan 
7 Chimney 

8 Clinker storage 

7 
4 

Fig. 24.3 When clinker storage is in line with kiln. 

D--4)-
3 4 

x 

6' 

7 ! 
8 

91 , 

1st Une 

, 

1 , 

CD 
2nd Line 

1 Raw Mill 

2 Blending silo 

3 ESP for kiln 

4 Preheater 

5 Kiln 
6 Cooler 
7 ESP for cooler 

8DBC 
9 Clinker storage 

10 ESP fan 

11 Chimney 

x - Center distance between kilns 

Fig. 24.4 Layout with two kilns - identically arranged. 

exchanger to maintain temperature of vent gases 

entering bag filter at 120°C or less. Thus the system 
has pressure drops to be overcome in heat exchanger 
and also in bag filter. Two together would be higher 

than the pressure drop in an esp. 

Fig. 24.7 shows a schematic arrangement of heat 
exchanger -bag filter combination. 

See Fig. 24.8 of an actual installation where heat 
exchanger is on the burner's platform and bag filter at 
ground level. 
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1 Cooler 

3 Spillage drag chain 
5 Cooler vent 

7 Cooler 1.0. fan 

2 Clinker breaker 

4 Deep bucket conveyor 
6 Dust collector - ESP 

W Burners platform 

Fig. 24.5 Dust collector for cooler vent on 
burners platform. 

2 

1 Raw Mill 

4 Preheater 

7 ESPs for cooler 

9 Common chimney 

11 Clinker storage 

11 

2 Blending silo 3 ESP 

5 Kiln 6 Cooler 

81.0 fans 
10 dbc 

Center distance between kilns short end, 
but raw mills are further apart. 
ESPs can be so arranged to have a 
common chimney. It may however block 
passage between kilns. 

Fig. 24.6 Two kilns layout with mirror image. 

6 

1 Cooler 

2 Cooler vent 

3 Heat exchanger 

4 Bag filter 

51.0 fan 
6 Chimney 

Fig. 24.7 Heat exchanger and bag filter for venting cooler gases. 
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Layout of grate cooler, heat exchanger and bag Wte t to vent cooler exhaust gases. 
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Gravel bed filter 

Cyclones with gravel bed 

Fig. 24.9 Gravel bed filter. 

24.5 Gravel Bed Filters. 
Before ESPs were found to be feasible for cooler vent 
gases, Gravel bed fitters were developed for cleaning 
them. Gravel bed filters consisted of a bank of cyclones 
with gravel beds in two levels. Usually the banks are 
arranged symmetrically around inlet and outlet gas 
ducts. Vent gases are precleaned in cyclones before 
entering the cyclones of gravel bed filter. 

Raw gas enters cyclones which has gravel beds in 
two levels. In passing through gravel beds gases get 
cleaned and are drawn by a fan and exhausted. Clean 
scavenging air flows through the system in opposite 
direction cyclically very much like reverse jets in bag 
filters. To assist cleaning gravel bed mechanical rakes 
are used. 

But the system pressure drop is high hence this 
design did not become popular. 

Chimney 

Cooler ID Fan 

Fig. 24.9 shows the schematic of the gravel bed 
filter system. 

Plate 12.6 in Chapter 12 of Section 2 shows 
cross sectional view of the gravel bed filter. 

24.6 Indirect Cooling G Cooler 
In another design of cooler called 'G-coolers', cooling 
air did not come into contact with clinker and hence 
cooler vent was always clean and did not need any 
dust collectors at all. However, these coolers also did 
not become popular. 
See Fig. 25.2 in next Chapter. 

24.7 
Figs. 24.10 and 24.11 show actual installation of esp 
for cooler. In Fig. 24.11, esp is installed on burners 
platform as mentioned earlier. 
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Fig. 24.10 Layout of grate cooler and its dust collector. 

Note: Kiln, cooler and dust 
collector all in a line. Main 
clinker conveyor at right 
algles 
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Note: ESP Burner's platform Spillage drag chain at ground 
level Dust collector in ESP Chuted down to dbc 

Fig. 24.11 Electrostatic precipitator (ESP) for venting cooler exhaust gases. 
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CHAPTER 25 

25.1 Shaft Cooler 
It is like a shaft kiln and is installed directly under the 
kiln. Hot clinker falling from kiln moves slowly down
wards and is cooled by cooling air admitted from the 
bottom. Rate of discharge is controlled to regulate 
temperature of clinker. Like rotary and planetary 
coolers cooling air is also combustion air. However 
longer retention in the shaft permits better heat 
exchange. 

Shaft coolers suffer from same limitations as do 
planetary cooler in that their capacity cannot be 
increased. It should be possible to take air for 
combustion from the hood to a calciner through a t.a. 
duct. 

Serious disadvantage is the height required under 
the kiln. It would push up heights of kiln piers and 
preheater tower very much. 
See Fig. 25.1. 

25.2 Recupol Cooler 
It has been mentioned that Lepol Grate was used as a 
traveling grate cooler. Such Recupol coolers were 
installed at a few places along with Lepol grate and 
even with wet process kilns. 

Such coolers also require considerable height to be 
installed under a kiln. 

The traveling chain with grates must be made of 
heat resisting materials as it comes in contact with hot 
clinker falling from kiln. In reciprocating grate, only 
grate plates of first few compartments come in contact 
with hot clinker. Sealing difficulties and high 
maintenance were other adverse factors. 
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OTHER CLINKER COOLERS 

25.3 G Cooler 
In seventies a direct-indirect cooler called G-Cooler 
was developed in Europe. A short reciprocating grate 
cooler sized just adequate to supply air for combustion 
in kiln (and calciner) was used as the direct cooler. At 
this point, temperature of clinker was reduced to about 

Kiln 

. '" ;..~ 
:;"; J. ;~. 

Fig. 25.1 Direct - shaft cooler - under kiln . 
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Pivoted pan conveyor to spread clinker 
-----",.0 across length and breadth of G cooler 

Grate cooler ~ 
====::::)) I 

<Eo ===::::.-
Special conveyor to 
lift hot clinker 

Elliptical air passages 

000 
00 

000 
00 

000 
G - cooler 

Gates for discharge 

- No dust collector required for cooler grate-

Fig. 25.2 G-Cooler. 

450-500 0c. Clinker was passed through a lump 
breaker and taken out of the cooler and conveyed by 
a conveyor to the top of G-cooler. It is spread over the 
G-cooler by a pivoted pan conveyer. G-cooler is fitted 
with elliptical passages for cooling air. Air did not come 
in contact with clinker and could be let out without 
requiring any dust collector. Flow of clinker in the box 
was by gravity and was controlled by adjustable gates 
at the bottom. 

Clinker could be cooled to any desired temperature. 
See Fig. 25.2. See also Plate 11.6 in Chapter 11 
of Section 2. 

Main difficulty with this cooler was that it needed 
to handle very hot clinker and required reliable 
conveyors moving almost vertically and also 
horizontally. Horizontal pivoting pan conveyor was 
required to distribute clinker evenly along the length 
of the G-Cooler. 

However such an indirect cooler can be 
conveniently used along with original reciprocating 
grate cooler when capacity of kiln was increased by 
installing a calciner. Temperature of clinker that would 

be handled would be about 300°C. The indirect cooler 
can be installed in line with the main cooler. It can be 
located at a distance from it according to availability 
of space. Else it could also be installed at right angles 
at a convenient place. 
See Fig. 25.3. 

Deep bucket conveyor could be used to raise clinker 
to the top of the G-cooler. A chain conveyor with hinged 
plates on its bottom or a pivoting pan conveyor would 
spread clinker evenly in the box. 

Cooling air can be as much as required. Power 
required for fans would be much less than that required 
in case of grate cooler. Further there is no capital 
expenditure for dust collector nor any operational costs. 

It is worthwhile to explore the possibility of 
incorporating a G cooler in plants planning to expand. 

25.4 Pendulum Cooler 
In this cooler reciprocating frame is suspended from 
pivots and moves back and forth. It has a hydraulic 
drive mentioned earlier to give direct reciprocating 
motion. 
See Plate 11.3 in Chapter 11 of Section 2. 
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Dust collector cooler vent 
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Fig. 25.3 IncorporatingG cooler in expanding capacity of kiln. 

25.5 Cross Bar Cooler distribution plate is equipped with a mechanical air flow 
regulator. Air flow is maintained irrespective of 
variations in bed thickness, granulometry and 
temperature. 

It is a recent development. There are no moving or 
reciprocating grate plates. Clinker is moved on a 
stationary clinker layer by cross bars across the width 
of the cooler. There is no fall through of clinker. 
Therefore no spillage drag chain conveying system 
under the cooler is required. Reciprocating cross bars 
across the width, above the stationary layer, effectively 
convey mix and shear clinker and expose it to cooling 
air admitted through air distribution plates. Each air 

The specifications of cooling air fans, their numbers 
and their arrangement around the cooler will be quite 
different for this type of cooler. 

See cross bar cooler in perspective in Plate 11.4 
in Chapter 11 of Section 2. 



CHAPTER 26 

CLINKER CONVEYING AND STORAGE 

26.1 Conveying and Storing Clinker 
Clinker is conveyed by : 

1. Drag chain conveyor, 

2. belt Conveyor, 

3. deep bucket conveyor, 

4. bucket Elevator, or 

5. A combination of above according to layout. 

26.2 Storage in Crane Gantry 
As mentioned earlier, till sixties, the cement plant layout 
was around a central crane gantry, which served as a 
common storage for all materials. It received processed 
raw materials like crushed lime stone and clinker I 
unprocessed raw materials like clay, laterite, gypsum 
and coal. It fed the stored materials for further 
processing to : 

1. Raw mills. 

2. Coal mills. 

3. Cement mills. 
See Figs. 26.1 and 26.2. 

With increase in capacities of the plant, the stocks 
to be held would have required very long crane gantries, 
with 2 I 3 cranes running in it. 

26.2.1 Handling in a Crane Gantry 
Every material stored in it had to be handled twice : 

(i) while receiving, the heaps had to be cleared and 
shifted to spread material evenly in the allotted 
bays of the crane gantry, 

(ii) while feeding, to hoppers of mills according to 
their requirements. 
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Thus cranes had to work round the clock. The cranes 
also required considerable maintenance of : 

(a) alignment of rails along the length of the gantry, 

(b) ropes, wheels, gears, etc. 

26.2.2 Limitations of Crane Gantry 
A stopped crane could cause stoppage of operation of 
all sections though not immediately. Even if a 2nd crane 
was available, it had to handle materials for all the 
plant and for all sections and hence output suffered. 
Thus when plant sizes reached to about 2000 tpd 
capacity, crane gantries were not found convenient 
either as means of storage or for material handling 
and feeding. 

26.3 Scattered Storages 
In the dry process plants evolved in seventies and later, 
storages were scattered as the layout did not have to 
center around the central storage but could be arranged 
at a place convenient both for receiving from previous 
process and for feeding to the next process. 
See Fig. 1.8 in Chapter 1. 

26.4 Deep Bucket Conveyor 
Amongst the various types of conveyors mentioned 
above, presently the most commonly used conveyor 
to convey clinker from cooler to clinker storage is the 
deep bucket conveyor (dbc). 

Its advantages are that : 

1. it can handle hot clinker as it is an all metal 
conveyor; 

2. clinker does not come into contact with chain 
moving the buckets. Conveyor is slow moving. 
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Lime stone 
Correcting material Crane gantry 

10 
Clinker 

13 

II 12 
Coal 

EOT Crane rn rn 
1 EOTCrane 
3 Raw mills 
5 Kilns 

7 Clinker conveyor 

9 Correcting materials 

11 Gypsum 

13 Clinker Hoppers 
15 Coal mills 

2 Raw mill hoppers 
4 Preheaters 
6 Cooler 
8 Storage of lime stone 

10 Clinker 

12 Coal 
14 Cement mills 

Fig. 26.1 Clinker storage of the past in a crane gantry. 

1 Clinker belt 

2 Belt along gantry with throw off carriage 

3 E.O.T crane 

4 Pile under belt 

5 Hoppers for mills 

6 Piles built in storage 
area by crane 

Fig. 26.2 Shifting of clinker piles for spreading clinker from storage and feeding it to hoppers. 

Life of conveyor is long and its dependability to 
work 24 hours a day, day in and day out is very 
good; 

3. it can be installed at steep angles of 35 to 40° to 
horizontal as compared with drag chains. 
Therefore length of conveyor required to reach 
a given height is much shorter. 

A sketch of a typical dbc is shown. It is generally 
installed horizontally under the cooler and then at an 
angle till it reaches the discharge point. 
See Fig. 26.3. 

26.4.1 Standby Conveyor 
Because of its arduous duty, it is very desirable that 
the dbc should have a standby so that kiln production 
does not come to a standstill. 
See Fig. 26.4. 

Impact of installing a standby dbc on depth and 
width of pit and also on dimensions of gantry for dbc 
has been shown in Figs. 26.9 to 26.11. 

26.5 Clinker Stocks 
Conventionally, clinker stocks of 14 days' production 
are maintained. But clinker being a semi finished 
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1 

Fig. 26.3 

2 

nnaUM 

5 

Typical dbc conveying clinker from grate cooler to clinker storage. 

I 

Cooler I 

'" 
Spillage drag chain 

1 Cooler 

2 Clinker breaker 
3 Discharge of clinker 
4 Spillage drag chain 

5 Deep bucket conveyor 
horizontal inclined 

6 Central shaft of 
clinker storage 

7 Gantry for dbc 

o 

dbc 1 
] One is a standby 

dbc2 
'I' Cooler , , 

dbc 1 

dbc2 

Fig. 26.4 dbc conveying clinker to clinker storage at right angles to kiln. 



product, it is always advantageous to provide as much 
storage place for clinker as possible. 

Clinker gets 'weathered' in storage. It is good to 
supply cooled weathered clinker to cement mills. 
Therefore, clinker would not be fed to cement mills 
directly (except only when stocks are nil). 

Many a time auxiliary storage or emergency 
storage of clinker is to be planned for, and also for 
storage of under burnt clinker. This is a practical 
necessity as under burnt clinker can be mixed in small 
proportions of 5 to 1 0% with good clinker to obtain 
cement that would satisfy all the norms for good 
cement. 

26.6 Storing Facilities for Clinker 
Presently, clinker is stored mostly in conical sheds of 
large diameters of 60-80 meters. 
See Figs. 26.5 to 26.7. 

Clinker is brought in the deep bucket conveyor to a 
central shaft with slots at various levels. Clinker 
discharged by the dbc fills the shaft and spills over 
into storage area. Heaps around the shaft gradually 
reach higher and higher heights as lower slots close. 
See Fig. 26.6. 

D 
D = 60 - 80 m diameter 

Fig. 26.5 Most common clinker storage system. 

4 
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The dust nuisance is thus confined to the shaft and 
can be easily contained by passing the escaping air 
through a dust collector located on top of the shaft. 
See Figs. 26.5 and 26.8. 

26.7 Conical Storage Shed 
For a 3000 tpd plant with design margin of 10%, 
14 days' stock would be 46200 tons. 

For a bulk density of 1200 kg/m3, volume of clinker 
to be stored would be 38500 m3. Angle of repose for 
clinker is 35°. 

Let 'h' be height and 'd' be diameter of conical 
storage. 

h = d/2 x tan 35° = 0.35 x d 

volume v = 0.091 X d3 = 38500 

d = 75 meters and h = 26 meters. 
See Figs. 26.5 and 26.6. 

The entire conical shed is covered to protect clinker 
from rain. 

A retaining wall of 2-3 meters all around periphery 
considerably increases clinker storage and also 

1 Covered clinker conical shed 
diameter 60 m or more 

2 Central shaft with openings 

3 Feeders for discharge 
4 Extraction conveyor 

5 Retaining wall 

~ To cement mills 
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Fig. 26.6 

-dbc 

-dbc 

Piles formed 
gradullyof 
increasing heights 

Over Flow 

I------d-----ll Retaining wall 

Volume and capacity of storage of clinker. 

Storage 1 

Storage 2 

Two conveyors in opposite directions for inter 
changeability 

Slight staggering of center lines would help 
installing two conveyors 

Fig. 26.7 Storage of clinker for two kilns with 
inter changeabillity. 

1 dbc 
2 Covered storage 

3 Central shaft 

a stock pile 
b max. stock pile inside 
cover flow outside storage 

h = d/2 tan 35° 

35° - Angle of repose for clinker 

prevents over flowing of clinker on all sides and keeps 
the area clean. 
See Figs. 26.5 and 26.6. 

The central shaft should be so sized that it will 
accommodate two dbcs (including standby) and their 
drives and also the possibility of taking / receiving 
clinker to and from storage of the 2nd kiln. 
See Figs. 26.7 and 26.8. 

26.8 Interconnection of Two Storages 
It is advantageous to interconnect storages of two kilns 
so that if one over flows the other could be utilized. 

By staggering stoppages of kilns, over flowing and 
consequent double handling of clinker could be avoided. 

The conveyor for interchanging can be a reversible 
belt conveyor if clinker temperature is restricted to 
100-120 0c. Since at any time movement of clinker 
will be moving in one direction only, one reversible belt 
conveyor should suffice. 

It will have to be a pan conveyor if temperatures 
of cinker would be > 120°C. But if a pan conveyor 
cannot be reversible, then there would have to be 
2 pan conveyors moving in opposite direction. 
See Fig. 26.7. 



Fig. 26.8 

dbc 

2 
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Plan of shaft 

D D 
d 

D D 
D Elevation D Elevation 

1 Central shaft 2 dbc from kiln 

3 Belt conveyor to 2nd storage 4 Bag filter for venting 

h1 Height to suit - a) Belt conveyor I Pan conveyor 
b) One or two conveyors 

h2 Height to suit - Belt conveyor I Pan conveyor 

Dia 'd' to suit accommodating supports of 1 or 2 conveyors at top 

Clinker storage - feeding arrangements. 
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w 
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1-1 ~ b 

i t H 
1 

Case - no standby; 2 

w1 = b + 1000 mm d = c + 500 mm Case 2 with standby; 

~ 

t 1 
I 

'0 

t 

1 No standby 
2 Standby dbc 

b Width of dbc structure 
c Height of dbc structure 
d Depth of pit for dbc 

w1 Width of pit for dbc 

w2 =2b+1200mm d=c+1000mm 

Fig. 26.9 Standby for d.b.c conveyor and its impact on dimensions of pit for it. 

Fig. 26.10 Gantry for dbcs. 

2 

1,2 dbc 
5 Shaft of clinker storage 

Fig. 26.11 Gantry for dbcs. 

3 Supporting structure 
6 Clinker storage 

1 dbc 1 

2 dbc2 
3,4 Stair walkway with grills 

w Width 500 - 700 mm 

4 Platform for drive 
7 Conveyor to 2nd line 



26.9 Extraction 
Extraction of clinker from the storage is by feeders 
and belt conveyors arranged below ground level. There 
would be a large number of openings fitted with rod 
gates and feeders vibro or belt type or short pan 
conveyors. 
See Figs. 26.12 and 26.13. 

#§&~1° 0 o 0 oS:$ 
4 

0 0 0 

0 0 
1 Storage 2 Rod gate 

3 Vibro feeder 4 Belt conveyor 

Fig. 26.12 Extraction from storage. 

1 

~1;;;T;~,;--
rZZZZZZZZ/i 

- 4 
rZZZZZZZZ/i 

1 Storage 2 Rod gate 
3 Short pan conveyor 4 Deep bucket conveyor 

Fig. 26.13 Extraction from storage if clinker 
temperature is likely to be > 120 ac. 

The more the number of openings, less the dead 
stock of clinker inside. However, the increase in number 
also increases the cost of civil construction and 
equipment. 
See Figs. 26.14 and 26.15. 
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26.9.1 Extraction Eqipment 
The tunnels have to be waterproofed to prevent 
seepage and should also be vented and dedusted. Good 
maintenance space around belt conveyors and also 
good lighting in the tunnel has to be provided for. 
See Figs. 26.16 and 26.17. 

The layout of extraction equipment should be 
carefully designed to eliminate spillage. As this area 
would be seldom visited, spillage can go out of hand. 

Belts would be generously sized to allow for feed 
rates of capacity after expansion; say to one mill initially 
and to 2 or more mills later. 

The feeders can work in groups - Say 1 in each 
row - with 2 rows working at a time. 
See Fig. 26.15. 

Say 1 & 11 or 2 & 14 or 3 & 13 together. 
Capacity of each feeder can also be thereby reduced. 

Since the storage spreads over an area of 
4000-5000 m2, great care needs to be taken from civil 
engineering point of view taking into account: 

(i) Load bearing capacity of soil. 

(ii) Underground water table. 

(iii) Drainage. 

26.10 Shifting of Clinker 
Access is also required to be provided for bulldozers 
and similar equipment to enter into the storage area to 
shift clinker heaps. 

The plinth level should be such that rainwater would 
not go inside. 

For entrances provided for entry of bulldozers, a 
sloping roof cover or awning could be provided. Floor 
would be sloped to keep rain water outside. 
See Fig. 26.18. 

26.11 Storage of Under Burnt Clinker 
It is best to store under burnt clinker separately and 
extract it in a metered fashion. Only a small capacity 
is required to be provided, may be 6 hours' production
maximum 12 hours' . 

Thus a capacity of 1000-1200 tons should be 
sufficient. It is best to store it in a silo. 
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1 

1 Short cross tunnels 

2 Long tunnels 

2 Total depth = 1 + 1 + h m for belt conveyor; 
or to suit to pan Conveyors 

Fig. 26.14 Extraction from bottom cross and long tunnels. 

1 Clinker Storage 

5 Long tunnels 

2,3,4 Cross tunnels 

1',8,9 Belt/Pan conveyor 

6 Out lets with rod gates and feeders 

10 Main belt/pan conveyor to cement mill 

1 to 14 feeders 

Feeders can work in group I pairs like 

1&13,3 &11,2 &14 etc 

Fig. 26.15 Feeders can work in groups/pairs 
for even extraction. 

One way of providing such a storage would be to 
take clinker from discharge point of d.b.c. to the 
proposed storage silo by a belt or a pan conveyor. Ideal 
location for such a silo would be in line with the 
conveyor for feeding Cement mills. 
See Figs. 26.19 and 26.20. 

For a storage capacity of 1200 t or 1000 m3, a silo 
of 8 metre diameter and 20 metre high would suffice. 

It is also possible to divert under burnt clinker before 
it reaches clinker storage by splitting the d.b.c. 

It could be fed back to d.b.c. as shown. 
See Fig. 26.21. 

26.11.1 Facility for Drop Test 
When such a separate storage and extraction facility 
is created it could also be used to take 'drop tests' to 
measure the output of the kiln. 

It could also be used to take clinker to a 
supplementary storage facility, when the existing 
storage is full but kiln has to be kept running. 

26.12 Excess Clinker 
Many a plant spends substantial amounts in building 
up a clinker stock pile, for excess clinker and for 
withdrawing it when required. 

The piles are in the open and hence are covered 
with plastic sheets / tarpaulins. 

This contingency, which can arise at not too distant 
intervals, can be avoided if a planned storage for excess 
clinker is fitted in the general plant layout itself as 
described. 
See Fig. 26.22. 
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F'*3bW=:J~ 't:::::3 1 ~3 
1 Lighting points in tunnels 

4 Long tunnel 

3 4 

2 Vent pipes in short tunnels 

5,6 Cross tunnels 

Fig. 26.16 Ventilation and lighting in tunnels under clinker storage. 
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Fig. 26.17 Ventilation of tunnels. 

1 Bulldozer 

Fig. 26.18 Access for bulldozers to push clinker over clinker out lets. 

3 Vent pipe long tunnels 

1 Feeder 
2 Hood 

3,4 Vent pipes 

5 Fan pushing in cold air 
6,7 Pipe lines for cold ambient air 

8 Dust collector 
9 Fan 

o 
View-AA 
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To cement mill 

Fig. 26.19 Storage of under burnt clinker. 

Pan conveyor 
o 

Under burnt clinker 

Main clinker storage 

o 

Fig. 26.20 Metering arrangement for extraction of under burnt clinker. 

1 dbc from cooler 2 Two way chute 
3 dbc to clinker storage 4 Pan/dbc conveyor 

1 3 5 Silo for under burnt clinker 

6 Return belt conveyor to feed under burnt clinker to main dbc 

7 Conveyor to take clinker to auxiliary storage 

5 
This arrangement can also be used to take a drop test if bin is on load cells 

Load cell 
7 

Fig. 26.21 Silo for under burnt clinker before main storage. 
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IW 
4 III 

7 

1 dbc from cooler 2 Main clinker storage 

3,4 Belt conveyor 5 Throw off carriage 
6 Auxialary clinker stock pile 

7 Belt for extraction 8 Feeder 
9 Silo for under burnt clinker 10 To cement mill 

Fig. 26.22 Auxiliary storage of clinker when 
main storage is full. 

\ 
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26.13 Storing Clinker in Silos 
Clinker can also be stored in silos of steel or concrete. 

Taking the same example of 3000 tpd kiln and 14 
days' stock, i.e., 46200 Tons or 38500 m3. 

Let the silo be a flat bottom silo with height to 
diameter ratio of 3: 1. 

To store 46200 tons of clinker a silo of 25 metres 
dia and 85 metres tall would be required. 

This solution is ideal where floor space is at a 
premium and from point of view of pollution control. 
However, it suffers greatly in that there is no facility 
for over flowing and excess clinker must be conveyed 
and stored in auxiliary storage. 
See Figs. 26.22, 26.23 and 26.29. 

Conveyors - mostly dbcs required to reach top of 
silo would be very long requiring massive supporting 
structure. 
See Fig. 26.24. 

26.13.1 Extraction From Silo 
Extraction arrangements at bottom will be similar to 
that described earlier but on a smaller scale. Silo, if 

a, b, c, d - extraction points used 
alternately/sequantially 
so clinker remains distributed in silo 

1 dbc 2 Conveyor at top for distributing clinker 

3 Dust collector 4 Clinker silo 
5 Feeders for extraction 6 Belt to cement mills 

Fig. 26.23 Clinker stored in silos. 
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---1 
3m 

l 
75-80 m 
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3m 

1-01--------127-130 m--------I 

Fig. 26.24 Length of dbc required to reach top of clinker silo. 
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~.::::o 

X I 

1 Belt /dbc from Cooler 
2 Belt conveyor 

3 Throw off Carriage 
4 Extension for future 
5 Clinker Storage 

6 Feeders 
7 Belt for extraction 

It would be desirable to provide tunnel and belt of length 'X' in 1 st phase it self 
X Extension of gantry 

Fig. 26.25 Clinker storage for small plants. 

concrete, should be water proofed so that clinker dust 

does not harden. If lumps are formed extraction would 

be very difficult. 

In extracting from the silo care should be taken 

that, clinker is extracted evenly from four quadrants 

so that load does not come on one section of the wall 

ofthe silo. 

In a silo, hot clinker once stored, does not get cooled 

easily. This aspect should be looked into when taking 

a decision about storing in a silo. 

All in all, storing clinker in silos has not been 

preferred very much at least in India. 

26.14 Stroage in Small Plants 
Even in small plants, crane gantries are seldom used 
now and storages are scattered like for big plants. Small 
plants however use a simpler method. 
See Figs. 26.25 and 26.26. 

This arrangement is similar to the arrangement used 
for crushed limestone described earlier. 

26.14.1 Increase in Storage Capacity 
Storage capacity can be increased by extending the 
pile. 

Care should be taken to provide room for extension 
of piles and for installing 2nd mill also. 
See Fig. 26.27. 



1 Belt /dbc from Cooler 

2,3 Belt with throw off carriage 

4 Clinker storage shed 

6 Belt conveyor to cement mill 

7 Supports for feeder belt 

5 Feeders 

8 Gables 

Fig. 26.26 Clinker storage for small plants. 

1 Location of Cement Mill 
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Though this provision is more expensive in first 
capital costs, it saves considerable trouble and time 
and expenses when expansion is taken up. 

26.15 Covering Clinker Stored 
Clinker sheds would be covered to a great extent from 
sides also. Access would be provided for a bulldozer 
to shift clinker piles. 
See Fig. 26.26. 

In between the extraction points would be dead 
stock, which reduces effective capacity of stockpile. 
Hence in designing the pile allowance should be made 
for the dead stock also. 
See Fig. 5.1 in Chapter 5. 

26.16 Storing Gypsum 
In most cases gypsum would also be stored in a section 
of the stockpile. Gypsum would be brought in truck 
loads and unloaded manually for small plants. 
See Fig. 26.28. 

2 This location of cement mill, will allow expansion of clinker storage 

Fig. 26.27 To leave room for expansion 
cement mill should be located further. 

~ I) 

/ Clinker Gypsum 
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Fig. 26.28 Storage of gypsum in the same shed. 
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Fig. 26.29 Storage of clinker in silos and extraction therefrom to feed cement mills. 

Even for a large plant of 3000 tpd capacity, daily 
requirement Gypsum at design capacity would be 
between 85 to 150 tons depending on type and quality 
of gypsum used. 

A month's stock would be between 2550 Tons and 
4500 Tons. 

Gypsum can be brought by trucks or by wagons. 
Handling gypsum in rake loads would pose a great 
many handling problems. 

In large plants with circular clinker storage, gypsum 
would be stored separately under a shed. Handling of 
gypsum is dealt within the next Chapter. 



CHAPTER 27 

27.1 Coal and Gypsum 
Coal and gypsum could be received in truck loads. 
Wet materials like coal and gypsum are not free flowing 
and hence vibro feeders would not suit. Reciprocating 
feeder or Pan feeders would be more suitable. 
See Figs. 27.1, 27.2 and 27.3. 

For convenience, coal and gypsum handling systems 
when both are received by rail, would be common, 
being used alternatively to unload wagons and convey 
them to their respective storage areas. 

Large plants install wagon tipplers to unload coal. 
The same could be used for gypsum also. 
See Fig. 27.4. 

27.2 Quantities to be Handled 
If fuel consumption is 750 Kcallkg clinker and coal 
has a calorific value of 4500 kcal/kg, then consumption 
of coal would be 16.6 % that is 550 tpd at design 
capacity of 3300 tpd. On as received basis it would be 
600-620tpd 

Therefore if a rake load is 2200 tons, the plant would 
require a rake load every, 4 days or 7-8 rake loads per 
month. 

Thus coal handling would require large enough 
facilities to unload coal wagons. Hence investment in 
a 'wagons tippler' could be justified. 

Consumption of gypsum on the other hand at 4.5% 
(maximum) would be only150 tpd or 180 tpd on as 
received basis, assuming 20 % moisture. A rake load 
of gypsum would be required in approximately 12 days. 

Gypsum would come from Rajasthan area if 
natural gypsum is used and from nearest chemical and 
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fertilizers plants if synthetic gypsum is used. About a 
month's stock would normally be maintained. 

Thus the coal unloading facility could be used to 
handle gypsum also. 
See Fig. 27.4. 

27.3 Types of Storage for Coal and Gypsum 
Coal and gypsum storages would be covered. For coal, 
pre blending facilities are installed for large plants 
consisting of stacker reclaimer systems consisting of 
either circular or linear stockpiles. 
See Figs. 27.5 and 27.6. 

Coal would generally require crushing. Hence coal 
unloaded by a wagon tippler would be first taken to a 
coal crusher. The capacity of crusher would have to 
match that of the tippler. 
See Fig. 27.4. 

It is better to stockpile crushed coal because the 
voids are minimum and hence supply of oxygen is 
limited. This minimizes fire hazard. 

27.4 Wagon Tippler 
To unload a rake load of 2200 Tons in 5 to 6 hours, 
capacity wagon tippler has to be 

2200 / 5-6 = 440-370 tph. 

If there is no intermediate stockpile of uncrushed 
coal, then the coal crusher would have to match the 
capacity of the wagon tippler that is 450 tph. 

27.5 
Gypsum if natural, would need crushing. Synthetic 
gypsum would be very wet with 15-20% moisture. It 
is fine, not requiring crushing but it would be very 
difficult to flow. 
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Fig. 27.1 

Fig. 27.2 

Fig. 27.3 

Coal and Gypsum pushed inside with pay loaders 

Receiving coal and gypsum in truck loads. 

o o 
Concrete 

() 
4 

Gypsum received in wagons. 

Scraper feeder for gypsum. 

1 Wagon 

2 Track 

3 Hopper with steep slopes 

4 Feeder 
5 Belt conveyor 

Feeder - Reciprocating / pan feeder for natural gypsum 

Pan/scraper feeder for synthetic gypsum 

1 Hopper 
2 Scraper feeder 
3 Belt conveyor 
4 Stainless steel/ gur liner 



1 Wagon tippler for coal 

2 Wagon tippler for slag 

3 Coal/gypsum crusher 

4 Coal stacker 

5 Coal reclaimer 

6 Gypsum storage 

7 Slag storage 

8 Metal detector 

9 Magnetic separator 
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Fig. 27.4 

Fig. 27.5 

Fig. 27.6 

I loading platforms 

Worthwhile to have 2nd wagon tippler for slag only 
for large plants, making slag cement 

Accommodating coal and gypsum handling and storage facilities in general plant layout. 

Reclaimer --------------->~ 

Stacker ..rE- Room for expansion -;:.. 

Stacker reclaimer system for coal. 

_ Feeder belt Extraction belt 

Reclaimer belt 

A"<O.__- Stacking belt 

Circular stacker reclaimer system for coal. 



294 Section 6. LAYOUTS AND DETAILED ENGINEERING 

,. a -I 

/ L~ ~ 
I. b .1 1100------- ______ ..... .12 max. 3m 

Stock pile = 12000 T = 15000 m
3 

1) h = 2 m, b = 25. a = 20, I = 330-350 m 

2) h = 3 m. b = 30. a = 23, I = 200-250 m 

Fig. 27.7 Stock piles for coal. 

27.6 Stockpile for Coal 
To keep 3 week's stock of coal, the stockpile capacity 
would be 600 x 21 = 12600 Tons. If linear, 2 stock 
piles would be required one for building up and one for 
reclaiming when a stacker-reclaimer system is used 
to stock coal. 

In case of coal, pile height is restricted to 2, max. 3 m 
on account of fire hazards. 
See Figs. 27.7 and 27.5. 

Let height of pile h = 2 m and width of pile be 
25 m at bottom and 20 m at top. 

Cross sectional area = 45 m2 

Bulk density crushed coal = 0.8 T / m3 

:. volume of 12600 Tons stockpile 

= 15750 m 3 

length of pile = 15750/ 45 = 350 m 
if ends are ignored. 

If height of pile is kept as 3 metres, 

length will reduce to 230 metres. 

It is possible to reduce the stock to be maintained, 
depending on location of the plant vis-a-vis collieries 
and continuity of supply therefrom. 

The linear piles can be extended when plant 
capacity is expanded. Layout must provide room for 
such an expansion. 

27.6.1 Circular Stockpile 
In a circular stockpile, it is not possible to expand later. 
Therefore diameter of pile has to arrived at taking into 
account future expansion. 
See Fig. 27.6. 

The circular stock pile should not be more than 270 0 

arc of the circle. Pile is formed at one end and extracted 
from the other end. 

Assuming a pile height of 3 metres, the length of 
the pile for double the capacity (6000 tpd) would be 
460 metres. Mean diameter of the circular stock pile 
would be :::::: 195 say 200 metres. 

27.7 Number of Day's Storage 

To reduce investment in stockpiles, and storages it is 
not unusual to reduce the days' storage for expansion. 

Plant Capacity 
15t unit after 

expansion 

Tons per day 3000 6000 

Coal stocks number of days 21 14 

Stocks in tons 12600 17000 

The layout for stockpile can be designed on this 

basis i.e., instead of doubling the capacity, it is increased 
1.5 times when plant capacity is doubled. Experience 



Fig. 27.8 Plough feeder for extracting wet gypsum. 

gained in operating the 151 unit should indicate to what 
extent stocks could be reduced on practical basis. 

27.8 Precautions Against Fire 
It is necessary to provide facility for water spraying 
near coal stockpiles to extinguish fires that may bum 
in hot and dry months of the year. The coal stockpiles 
should be regularly consolidated by bulldozers to 

remove air pockets. 

27.9 Coal Blending 
Coal blending is equally or even more important than 

blending of raw materials as it would lead to kiln 

operating with reduced fluctuations in calorific value 
and ash content of coal fired. 

See Figs. 27.5 and 27.6. 

Piles would be formed in a different manner as 

compared to piles for limestone because height of pile 

is restricted. 

See Fig. 27.7. 

Coal will be withdrawn by the rec1aimer system 

and taken to coal mill hoppers. This belt should be 
provided with a metal detector and a magnetic separator 

to remove magnetic and non-magnetic metallic pieces 
before they reach the mill. 
See Fig. 27.4. 
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Plough feeder 

1 Plough feeder 

2 Belt conveyor 

Belt should also have a system to spray water to 
douse red hot lumps of burning coals if need be. 

Layout wise, it is convenient to feed more than one 
mill if belt is at right angles to the mills. 
See Fig. 27.4. 

27.10 Gypsum 
Gypsum being wet, flow through a hopper would be 
sluggish. Arching can take place. Hence hopper should 
have steep slopes. Valleys and comers should be 
rounded. Inner face of hopper may be lined with either 
stainless steel liners or special plastic-gur-liners for 
smooth flow. Alternately, bottom I metre or so of the 
hopper could be of steel for installing vibrators for 
actuating flow of gypsum. 
See Figs. 27.2 and 27.3. 

Wet gypsum could also be withdrawn from a hopper 
by a plough feeder as shown. 
See Fig. 27.8. 

27.10.1 Storage Shed for Gypsum 
Gypsum will also be covered under a covered shed. 
Size of shed will take into account expansion of the 
plant. 

In dry months, gypsum could be dried in the sun. 
The height of gypsum piles would also be restricted to 
3-4m. 



296 Section 6. LAYOUTS AND DETAILED ENGINEERING 

Sometimes coal and gypsum stockpiles are covered 

partly only. Stocks of 2 weeks would be put under 

cover and balance would be in the open. 

These arrangements would dry out coal and gypsum 

and hence in dry months, coal / gypsum would be drawn 

from open piles and in wet months from covered piles. 

See Fig. 27.9. 

Clinker 

~ 
n 

1 
Gypsum 

. ..... 
1 Covered storage 

I 

2 
Gypsum 

\ V \ 
...... Scraeer conveyor 

2 Open storage for sun drying 

Fig. 27.9 Gypsum storage and recovery. 



CHAPTER 28 

HANDLING SLAG TO MAKE SLAG CEMENT 

28.1 Blended Cements 
If the plant is proposing to make blended cements, then 
provisions are required to be made to store and extract 
pozzolana and or blast furnace slag used as blending 
materials. 

The two materials are quite different from each 
other though both are suitable as blending materials. 
They require very different arrangements for 
receiving, storing and extracting them. 

28.2 Granulated Blast Furnace Slag 
Slag is granulated by jets of water directed at molten 
slag. Granulation is done in the steel plant. Slag received 
from steel plant is therefore granulated but wet. Slag 
is very hard and brittle and is also very abrasive. It is 
like glass. Depending on facilities installed in the steel 
plant to drain water after granulation, slag as received 
could contain 10-15 % moisture. 

Dried slag 

Clinker 

A Main clinkering & grinding unit 

Market 1 opc and slag cement 

Cement Plants making blended cements, enter into 
contracts with Steel Plants to buy slag on a regular 
basis. If the quantity is substantial, cement 
manufacturers may decide to install a slag dryer in the 
premises of the Steel Plant itself and transport dried 
slag to their cement plants. 

If the movement is in the right direction from market 
considerations, they may even transport clinker to the 
Steel Plant and make slag cement in its vicinity. 
See Fig. 28.1. 

28.3 Drying of Slag 
In a large number of cases however, slag received 
would have to be dried in the cement plant before 
sending it to mills for grinding. 

Moisture of 10-15 % in slag and a clinker / slag 
proportion of 40 : 60 or 50 : 50 in most cases would 
require a substantial quantity of moisture content to 
be dried. 

B Slag producing unit 

Slag dryer 

Market 2 slag cement 

Fig. 28.1 Blended cements - movements of clinker and slag. 
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5 1 
Wet slag > 

( 2 

)1 
~ I 4 

Fig. 28.2 Using granulated slag for slag cement. 

Proportions % 

Clinker 

38 

Slag Gypsum 

58 4 

Moisture % -- 15% 20% 

resultant moisture = 9.5 % 

It will be difficult to dry this amount of moisture in 
a drying and grinding system even in a mill with a 
separate drying chamber. Therefore it becomes 
necessary to install a dryer for drying slag. 

28.4 Slag Dryer 
Installing a slag dryer requires double handling of slag. 

1. Receiving wet slag and storing it. 

2. Extraction and feeding to dryer. 

3. Returning dried slag to storage. 

4. Extracting and feeding dried slag to feed to 
C. Mill hoppers. 

Therefore, the total storage area for slag would be 
divided into bays of wet slag and bays of dried slag. 
See Fig. 28.2. 

Slag may be brought in either Wagons (rake loads) 
or in trucks. 

Wagon tippler installed for unloading coal wagons 
could be used for slag wagons. 

The tonnage of slag handled would be much more 
than that of coal and hence wagon tippler would be 
primarily installed to handle slag and used for coal and 
gypsum also. 

( 

~ I 

6 > 
3 ) 

1 Slag storage 

f 
2 Wet slag 

3 Dried slag 
4 Slag dryer 
5 Incoming wet slag 
6 Dried slag to cement mills 

Depending on the size of the plant separate wagon 
tipplers could also be installed for unloading slag and 
coal wagons. 
See Fig. 27.4. 

28.5 Tonnages of Slag to be Handled 
A 3000 tpd capacity clinkering unit, making slag cement 
would produce 7800 tpd Slag Cement when proportions 
of clinker and slag are 40: 60. 

Slag to be received per day = 1.15 x 4500 = 5200 T 

Thus each day 2 V2 rake load of 2200 Tons each, 
or 1 V2 rake loads of 4000 Tons each, would have to be 
handled. These quantities are sufficient to warrant 
investment in a wagon tippler. 

If same quantity is to be received in truck loads, 
daily receipt of trucks would be 540 trucks per day 
and assuming receipts round the clock, 23 trucks / hour 
or 1 truck every 2.6 minutes. It would well nigh be 
impossible to unload trucks manually on this scale. 

If trucks are self-unloading tipping trucks, which 
can tip trucks endways or side ways, then separate 
truck unloaders may not be required. 
See Fig. 28.3. 

However, to unload trucks which do not have self 
tipping facilities, truck unloaders which are like wagon 
tipplers would be installed. 
See Fig. 28.4. 

Trucks will be locked on the tilting platform. Truck 
unloader can be designed for end tilting or side tilting. 



Fig. 28.3 Wet slag brought in tipping trucks. 

1 Ramp for trucks 

5 Hopper 

2 Truck unloader 

6 Reciprocating Feeder 

Fig. 28.4 Crane gantry for storage. 

28.6 Stocks to be Maintained 
Even a day's receipts would be 5200 tons. Thus a 
minimum stock corresponding to 2 days' consumption 
or 10000-11000 tons is required to be provided for in 
layout. 

A stock of at least half a day's consumption should 
be maintained for dried slag also. 

All in all the gantry would need to stock 

10000 + 5000 = 15000 tons. 

A crane gantry with overhead traveling crane may 
be best suited for this purpose. 
See Figs. 28.3 and 28.4. 

Bucket elevators are not suited for handling slag, 
which is very abrasive. Belt conveyors are better suited 
but would require longer space. Dried slag can be taken 
either directly to mills or to gantry. 
See Fig. 28.5. 
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3 Gantry for storage 

7 Belt conveyor 

1 Slag storage 

2 Trucks self tipping 

3 Traveling crane 

4 Ramp 

5 Hoppers for wet 
and dry slag 

4 EOTCrane 

Hoppers for wet slag need to have steep sides and 

large openings to prevent arching. The feeders earlier 

described for wet gypsum could be used for wet slag. 

28.7 Slag Dryer 
Dryer for slag can be either 'rotary' or fluid bed' with 

hourly capacity to match daily requirements. 5200 tons 

of wet slag with 10-15% moisture would correspond 

to 4400-4700 tons of dry slag. 

Therefore, hourly capacity of dryer = 4500 / 24 = 187 

or rounding off 200 tph. 

28.8 Rotary Dryer 
A rotary dryer will generally be a 2 support, coal fired 
dryer. Hence, in the slag dryer installation pulverized 

coal would be either brought in from main coal mills 
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22 -

1 Raw coal belt 
4 Hot air genarator 
7 Cyclones 

10 Coal feeder 
13 Combustion chamber 
16 Dryer 
19 Bin & feeder 

22 Fan 

25 Screw 

2 Raw coal hopper 
5 Coal mill 
8 Screw conveyor 

11 PAtan 
14 Hood 
17 Hood 
20 Dust collector 

23 Belt tor dust 

26 Fan 

Fig. 28.6 Self contained dryer and coal firing system. 

14 

1 Crane gantry 

4 Dryer 

7 Fine coal bin 

10 Ventury 

4 

Dry slag 

6~Toc.mill 
12 

5 7,8,9,10 

2 Hopper 

5 Hood 

8 Feeder 

11 PA Fan 

3 Belt 

6 Belt 

9Air lock 

12 Pulverised coal from central coal grinding station 

13 Dust collector for coal 14 Dust collector for dryer 

15 Chimney 

Pulverized coal brought pneumatically from coal mills 

Fig. 28.5 Pulversied coal as fuel for 
burning in dryer. 

~ 

27 

3 Feeder 
6 Grit separator 
9 Fine coal bin on load cell 

12 Firing pipe 
15 Belt for dried slag 
18 Belt wet slag 
21 Screw 

24 Dust collector tor coal 

27 Chimney 

(in kiln section) or a separate coal mill will be installed 

to grind coal in the dryer building itself. 
See Figs. 28.6 and 28.7. 

A rotary dryer can be counter current or co-current. 
In a co-current dryer hot gases meet wet slag and dry 
it up fast. But towards discharge there is not enough 
heat in cooled gases to dry out residual moisture, which 
takes much, more heat for drying in kcal/kg water. 
See Fig. 28.8 a. 

Therefore co-current dryers would be used when 
a residual moisture of 1-1.5% would be permissible. 
For drying to bone dry conditions, counter current 
dryers would be used. 
See Fig. 28.8 b. 

The type of dryer chosen fixes the location of fuel 
firing system at feed end or discharge end and also 
that of dust collector on the opposite side. 
See Fig. 28.8. 

Hot gases used for drying would be vented through 
a bag filter. The gases would contain moisture and 
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Fig. 28.8 
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Bringing pulversied coal pneumatically from main coal mills. 
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1 Hopper & feeder 

4 Belt for dried slag 

7 Dust collector 

2 _ -
a) Co-current 

2 -----

3 

-4 

4 

b) Counter current dryer 

2 Dryer 

5Combution chamber 

8 Fan 

Co-current and counter current rotary dryers. 

i 
i 0 

8 

3 Discharge hood 

6 Coal firing 

9 Hood at inlet end 
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hence should leave the dryer at temperatures of 
100-11 0 °C so that the dew point is not too close 
(50-55°C) causing condensation in bags. 

As in case of all dust collectors, handling wet gases 
(raw mill, coal mill), the dust collector would be 
insulated and lagged to prevent condensation. 

Temperature of hot gases used would be limited to 
around 800°C. 

A complete dryer installation, would for a counter 
current dryer, be as shown. 
See Fig. 28.6. 

28.9 Fuel to be Fired 
The coal to be ground in the coal mill specially installed 
for the dryer would be required to be dried and would 
require an auxiliary furnace. 
See Fig. 28.6. 

If dry pulverized coal can be pumped from main 
coal mills, then, this installation would not be required. 
But capacity of main coal mill installation should allow 
for requirement of coal for drying slag. 
See Fig. 28.7. 

Let capacity of dryer be 200 tph. 

Water to be evaporated - drying from 15% to 
0.5% = 34 tph. 

Heat required to be supplied per hour at the rate of 
1200 kcall kg of water evaporated ~ 41 million kcallhr 

If useful calorific value of coal available is 4500 
kcal/kg then, coal required per hour ~ 9 tph. 

This is a fairly large quantity and the coal mill 
installation would be sizeable corresponding to 
requirement of coal for a 600 tpd cement plant. 

If the kiln is 3000 tpd and specific fuel consumption 
is 17% , coal mill capacity would be 28 tph. To include 
requirements of coal for slag dryer, the capacity of a 
common coal mill to be installed would be 37 tph 

28.10 Source of Hot Gas for Drying Coal 
Cooler vents have been commonly used to dry moisture 
in coal mills when they were located near coolers. It 
may be seen if they are adequate to dry moisture in 
enhanced capacity of coal mill viz 37 tph. Water to be 
evaporated from 10% to 2% = 3300 kg/hr. Heat 
required to be supplied at 1200 kcal/kg of water 
evaporated would be 3.96 million kcal/hr. Let 

temperature of hot air to be taken to coal mill be 300 °C. 
Heat content of 1 nm3 of hot air at this temperature 
would be 85 kcallnm3. Therefore quantity of hot air at 
300°C to be drawn from cooler would be = 46600 
nm3/hr. In terms of nm3/kg clinker it is equal to 
0.37 nm3. 

Total cooling air into cooler = 2.5 nm3/kg clinker 

Air taken into kiln and calciner = 0.9 nm3/kg. 

Air to coal mill = 0.37 nm3/kg 

Air to be vented 

See Fig. 28.9. 

= 1.13 nm3/kg. 

Thus quantity wise hot air from cooler vent would be 
available. It should be seen what would be the 
temperature of 0.37nm3 of air to be taken to coal mill. 
Using clinker cooling curve, see Fig. 28.9, it would 
be seen that its temperature would be about 350°C. 
Thus hot air would be available from cooler even for 
enhanced capacity of coal mill. 

28.10.1 Hot Gas from Preheater 
A similar exercise could be done to examine availability 
of hot gas from preheater and its temperature when it 
is used for drying in coal mill and coal mill is located at 
pre heater end. 

Raw mill capacity 250 tph. 

Moisture to be dried from 4 % to 1 %. 

Water to be evaporated 7800 kg/ hr; 

heat required to be supplied at say 1500 kcal/kg = 
11.7 million kcallhr. 

Let exhaust temperature from preheater be 

280°C. Its heat content would be 73.5 kcal/nm3 

:. gases required (ignoring heat of grinding) 

= 159000 nm3 hr. 

Total gases for raw mill and coal mill 

= 159000 + 46600 = 205600 nm3 / hr. 

Exhaust gases from preheater at 1.6 nm3 / kg clinker 
for a kiln of 3000 tpd = 200000 nm3 / hr. 

Thus hot gases from preheater may not be always 
sufficient for drying in coal mill of augmented capacity. 
Auxiliary hot air generator installed for start up may 
be required to be used occasionally to supplement heat 
content of preheater gases. 



Handling Slag to make Slag Cement 303 

1250 

1000 a = Sec & teritaty air b = Primary air when drawn from cooler 

c = Air to coal mill normal ci. 
E ~ 750 d = Vent air for c = 1.3 nm

3
/kg 

c1 = Air to coal mill when slag dryer installed 

d1 = Vent air for c1 = 1.13 nm
3
/kg 

500 

3 
1.3 nm Ikg 

3 
1.13 nm /kg 

1---------2.5----------1 

Cooling air nm
3
/kg clinker 

Fig. 28.9 Utilisation of hot air from cooler. 

28.11 Conveying Pulverized Coal 
It should be possible to pump pulverized coal over a 
distance of say 200 metres by FK Pump (or similar) 
systems avoiding necessity to have a separate coal 
grinding installation for the slag dryer. 

28.12 Fluid Bed Dryer 
Slag dryer could also be a fluid bed dryer as shown in 
Fig. 28.10. Feed to the dryer would be wet slag and 
crushed coal of - 6 mm size. Thus when using fluid 

bed dryer it would not be necessary to install a coal 
mill of higher capacity. It would be necessary to crush 
coal required for the dryer in a roll crusher of 10 tph 
capacity. 
See Fig. 28.10. 

28.13 Drying Slag in Small Plants 
In case of very small plants, slag would be dried in 
cement mill during grinding. However it may be required 
to restrict the quantity of slag to be added. 
See Fig. 28.11. 
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Fig. 28.10 

Fig. 28.11 

1,2 Belt bringing wet slag & crushed coal 

4 Fluid bed dryer 

3 Pendulum flap valve 

6 Dried slag outlet 

5 Fluidizing and combustion air 

7 Belt for dried slag 

8 Bag filter 

10 Screw for dust 

12 Chimney 

Fluid dryer for slag. 

8 

9 Rotary air locks 

11 Fan 

/( To cooler dust collector 

I 2 I 3 I 4 I 
~ 

1 

10 Dampers 

1 Cement mill to make slag cement 2,3,4 Hopper for slag clinker gypsum 

5.6,7 Belt feeders 8 Clinker cooler 

9,11 Hot air duct 10 Aux. hot air generator 

Drying slag in cement mill in a small plant using cooler vent gases. 



CHAPTER 29 

29.1 Pozzolana Portland Cement 
Pozzolana Portland Cements (PPC) can be made by 
blending clinker with 25-30% fly ash; more commonly 
in proportions, say 

Clinker 

72% 

Fly ash 

24% 

Gypsum 

4% 

Fly ash is a very fine ash collected in the dust 
collectors of power plants. 

It is generated dry but is available either wet or 
dry. In the thermal power stations, fly ash collected in 
settling chamber and in ESPs / bag filters is collected 
dry but is then mixed with water and pumped out as a 
slurry to settling ponds for disposal. Over a period of 
time water is drained out and / or pumped back for 
using again in the Thermal plant. Fly ash is then left to 
dry in the Sun. 

Fly ash so collected would have a moisture ranging 
between 10 to 15%. 

Wet fly ash is easy to recover from ponds and 
transport to the plant (including water) but water would 
have to be evaporated before it can be fed to Cement 
mills as in case of wet slag. Hence using wet fly ash 
would need a dryer to dry moisture to less than 3 to 
4%. 

29.2 Drying Wet Fly Ash 
Two schemes for drying wet fly ash have been shown 
in Figs 29.1 and 29.2. In Fig. 29.1, fly ash is dried 
in a fluid bed dryer receiving hot gas from fluid bed 
hot gas generator using - 6mm crushed coal as fuel. 

In Fig. 29.2, wet fly ash is made into briquettes 
before transporting. 

HANDLING FLY ASH TO MAKE 
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Briquttes are broken in a disagglomerator / crusher 
and dried in a flash drier. 

If fly ash contains 10-15 % moisture, it could be 
dried in a cement mill with a drying chamber using hot 
gases from cooler. 

% 

moisture % 

Clinker 

72 

o 

Fly ash 

24 

15 

resultant moisture = 4.4% 

Gypsum 

4 

20 

This moisture can be dried by using hot gases from 
cooler or through a hot gas generator. 
See Fig. 29.3. 

Rated capacity of plant 3000 tpd 

Design capacity 3300 tpd 

Clinker = 3300 

Fly ash 

Gypsum 

Cement 

= 1100 

= 200 

= 4600 Tons 

C.Mill capacity = 4600 / 20 = 230 tph 

water to be evaporated = 9200 kg / hr 
Heat required to be supplied = 9400 x 1600 

::::: 15 million kcal/hr 

Therefore gas required at 300 DC in nm3/hr 

= 176500 nm3/hr 

Quantity required would be higher at lower 
temperatures. 

It may be examined if such a quantity of gases 
would be available from cooler after supplying to kiln, 
calciner and coal mills. 
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§ Coal 

eio{ e3~~&', ,/ 
Reciprocating feeder rDl 

Coal crusher~ 

Wet fly ash feed 

Bucket 
elevator 

~o£....Joo£....Jo£..,...loU Screw conveyor 

Beltconve~ 
Dry fly ash 

Vibrating screen L::::::;;: 
Screw 
feeder Hot air generator 

Fig. 29.1 Flow chart of fluid bed, hot air generator and fluid bed dryer for fly ash. 

Wet fly ash ;] 
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,(0: : : : : ;~~)n conveyor ~"ter press 

~ Briquettes containing < 7-10% moisture 
o 0 

Belt conveyor 

Fan 

Flash dryer 

Briquettes from press 

-?---e Hot gas from generator 500°C 

/ 
Pneumatic conveying pump 

'---+--' Disagglomerator 

Fig. 29.2 Handling of wet fly ash - drying and transport. 
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Cooling air = 2.5 nm3/kg 

Less - 0.90 In kiln and ca1ciner. 

- O.l 0 Primary 

- 0.28 CoalMill 

- total 1.28 nm3. 

balance = 1.22 nm3/kg clinker and 

at design capacity of kiln = 167750 nm3/ hr and 
thus may be just adequate. 

Quantity wise cooler may just be able to supply hot 
gases but not temperature wise. It would be necessary 
to supplement heat of cooler gases by a hot gas 
generator. Since all cooler gases would be used up, 
venting from cooler will be minimum. 

If it were possible to dry fly ash in the mill, the 
installation would be very much simplified as no 
separate coal firing installation or bag filter for venting 
would be required. 
See Fig. 29.3. 

Hot gas generator coal - fired 

1 Grate cooler 

3 Cement mill hoppers 

5 Cement mill 

2 Hot air duct to cement mill 

4 Feeders 

6 Cement dust collector 

7 Cement dust collector fan 8 Hot gas generator 

Fig. 29.3 Drying pozzolona / fly ash in cement mill. 

Only disadvantage would be that fly ash which does 
not require much grinding would have to be passed 
through the mill. 

However presently fly ash is available dry in a 
majority of thermal stations. Handling wet fly ash will 
not therefore be very common in the future. 

29.3 Dry Fly Ash 
Collecting fly ash in dry form is advantageous in many 
ways. The only disadvantage is its transport. 

Dry fly ash is very fine and hence its handling 
generates fine dust. It cannot be transported in open 
trucks (if done, trucks would have to be covered with 
plastic sheets / tarpaulins). 

At unloading point, manual unloading of ordinary 
or tipping trucks would cause immense dust nuisance. 

It is best stored in silos. If stored in sheds, extracting 
could again cause dust nuisance while it is being 
conveyed to mill hoppers. 

Dry fly ash is best conveyed over long distance in 
closed, self unloading bulk carriers. Such bulk carriers 
are filled from a fly ash storage silo / silos at the thermal 
power plant. 

In such a case fly ash, which is generated dry, is 
conveyed from ESP hoppers and conveyed 
pneumatically / mechanically to fly ash storage silo/so 
Closed pneumatic systems are best suited as dust can 
be collected from air used for conveying easily in dust 
collectors located on top of silos. 

Fly ash being very fine, it is difficult to convey it in 
air slides. Chain conveyors are preferred under esps. 
See Fig. 29.4. 

29.4 Collecting Dry Fly Ash 
In large thermal plants there would be several boilers, 
each boiler may have ESPs with 6-7 fields. The first 2 
fields collect the maximum amount i.e., about 70-80% 
of the total ash which is rather coarse. Subsequent 
fields collect correspondingly less amounts but ash 
collected is much finer. 
See Fig. 29.5. 

Concentrations at inlets and outlets of successive 
fields would be approximately as shown in Table 29.1, 
assuming original dust burden as 100 gmlnm3. 

Table 29.1 

Concentration Concentration Fineness of 
at Inlet at Outlet ash collected 
gm/nm3 gm/nm3 in microns 

1st Field 100 20 +40 

2nd Field 20 4 +10 

3rd Field 4 0.8 +2.5 

4th Field 0.8 0.16 +1 

5th Field 0.16 0.032 -1 
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1 ESP 

3 Chain conveyor 

5 Pipe line 

8 Dust collector & fan 

10 Feeder 

12 Bulk Fly ash container 

5 

4 

2 Rotary air locks 

4 PS pump 

6,7 Fly ash storage silos 

9 Areation of bottom of silos 

11 Flexible connection 

13 Weigh bridge 

Fig. 29.4 Collection of dry fly ash at 
thermal power station. 

1 

Boiler 1& 2 

Boiler 3 &4 

1,2 ESP s for boilers 1 & 2 

5 Common chimney 

6,7 Pnumatic conveying fly ash 

3,4 Fans 

8,9 Fly ash silos 

Fig. 29.5 Multiple boiler-ESP 
thermal power station. 

Thus fly ash collected for 1 st field would need 
grinding; that collected in other fields needs only mixing 
with cement. But the quantity being small it is not 
convenient to collect and store and transport fly ash 
separately from each field of esp. 

But this disadvantage can be over come at grinding 
end by introducing metered fly ash first to separator 
and feed only the coarse fraction from it to the mill for 
grinding. 
See Fig. 29.6. 

12 
Flyash _ 

1 2 

~\n:::=:~~rfF;,::;...J 
5 

1,2 Clinker & gypsum hopper 

5 Belt in to cement mill 

7 Air slide 

9 Separator 

11 Fly ash feed 

3,4 Feeder 

6 Cement mill 

8 Elevator 

10 Coarse return 

12 Product 

Fig. 29.6 Fly ash first fed to air separator. 

29.5 Layout in Thermal Power Plant 
A thermal power station would have 2 or more boilers 
depending on its capacity. Fly ash can also be used for 
other purposes like making bricks, road surfaces, etc. 

Thermal Power Stations (TPSs) now provide 
facilities for collecting fly ash to their consumers who 
enter into contract with the TPS for buying it on a 
regular basis as in case of slag. 

As in case of blast furnace slag, if fly ash can be 
sold directly and immediately after its generation TPSs 
are saved the bother of disposing it off. 
See Fig. 29.5. 

Pollution problem is really solved only when fly ash 
collected from flue gases, is used without causing 
secondary pollution in its handling. 
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29.6 Bulk Carriers for Fly Ash 
A bulk carrier is a round or an oval tank, installed at an 
angle on a truck chassis. They have open air slides at 
bottom for fluidising and for initiating flow. 
See Fig. 29.7. 

1 Silo 2 Areation 

3 Cut off gate 
4 Rotary feeder flow control gate 

5 Bulk carrier 6 Compressor 
7 Connection of pipe line to silo for unloading 

8 Weigh bridge 9 Flexible connection 

Fig. 29.7 Loadings bulk carriers. 

4 

1 Silo bottom 
2 Inner chute 
3 Outer chute 

8 

4 Connection to 
dust collector 

Bulk carrier 

Fig. 29.8 Venting of flexible connection. 

29.7 Loading Bulk Carriers 
Bulk carriers are filled with the desired quantity of fly 
ash according to tank's capacity by installing a weigh 
bridge under the loading point. Tare or weight of empty 
carrier is noted and weight to which it should be filled 
is known. Towards closing or when tank is about to be 
filled feeding can be slowed down or cut off sharply. 
See Figs. 29.4 and 29.7. 

The flexible hose from the feeder has a venting 
pipe inside it to vent the air that is being displaced while 
filling the tank. 
See Fig. 29.8. 

Alternatively, a small bin holding a measured 
quantity of fly ash equivalent to the capacity of the 
container can be kept filled up. The container can then 
be emptied into the carrier. In this arrangement there 
is no need to install a weigh bridge at loading station. 
See Fig. 29.9. 

1 Main silo 

3 Flow control gate 

5 Bin on load cell 

7 Areation 

9 Flexible connection 

11 Dust collector & fan 

2 Cut off gate 

4 Flexible connection 

6 Scale showing weight 

8 Flow control gate 

10 Bulk carrier 

Fig. 29.9 Alternative method for loading. 
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1 

7,8 

ot1J ""--1 6----' 

A,B multiple unloading points 

Fig. 29.10 Unloading fly ash in storage silo; 
bulk carries with self unloading compressor. 

Venting is very important because fly ash is very 
fine. Bag filters are best suited for this application. 
Even these dust collectors should be insulated and 
lagged. 
See Fig. 29.9. 

29.8 Unloading Bulk Carriers 
At the unloading end also, dry fly ash would be stored 
in a silo I silos. Bulk carriers would be parked near the 
silo and their discharge would be hooked to the pipe 
conveying it to silo through a flexible connection. 
See Fig. 29.10. 

Small truck mounted compressor would be ideal 
but it means a lot of investment per truck. 

This can be avoided by installing blowerls for 
unloading under the silo and connecting them to the 
tanker bottom by flexible hoses. A large silo can have 
two or more unloading points. It would be best to 
provide as many blowers for connecting to carriers as 
the number of unloading points so that a carrier does 
not have to wait at site for aeration connection. 

Layout should provide for smooth movement of 
carriers, their reversing and exit. Ideally carriers should 
not be required to wait for unloading. 
See Fig. 29.11. 

1 Fly ash storage silo 

2 Permanent pipe along height of silo 

3 Flexible connection 
4 Bulk carrier 
5 Expansion chamber 
6 Dust collector 

7,8 Fan and chimney 

29.9 Capacities of Bulk Carriers 
Size and capacity of the bulk carrier is decided by the 
width of roads and terrains through which roads pass, 
sharp bends, inclination, tunnels and so on. 

Fly ash having a low bulk density (aerated fly ash 
would have even less) the size of tank would be much 
bigger than normal. 

The tanker should be carefully designed and 
mounted on the truck, the center of gravity remaining 
within the wheel base so that the tanker does not over 
tum while negotiating bends or slopes. 

29.10 
Fly ash can also be handled in plain ordinary self tipping 
trucks by closing the truck with plastic I tarpaulin or 
by spraying some water on its surface to make it wet. 

But this system though economical in capital costs, 
is labour intensive and prone to severe dust nuisance 
both at loading and unloading ends and hence should 
be avoided. 

29.11 Extraction of Fly Ash 
Fly ash would be extracted from the silo pneumatically. 
The bottom would be fitted with open air slides to 
fluidize fly ash and it can then flow into discharge 
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1 Silo 
2 Pipe 
3 Flexible connection 
4 Blowers for unloading 
5 Flexible connection for air 
6 Bulk carrier 
7 Expansion chamber 
8 Dust collector 

9,10 Fan and chimney 

1,2,3 Bulk carriers 
4,5,6 Compressors 

Fig. 29.11 Layout arround silo to facilitate handling a number of bulk carriers simultaneously. 

points. The area so covered would range between 
8-10% to 15-20% of the silo area depending on the 
construction of the bottom. 
See Fig. 29.12. 

The number of discharge points would depend on 
size of silo and also number of mills to which that silo 
has to supply fly ash. 

One silo with one or more discharge points can 
supply fly ash to one or more Cement Mills. 

Interchangeability and flexibility can be achieved 
with minimum capital investment in pneumatic 
conveying. 
See Figs. 29.13 and 29.14. 

29.12 Metering Systems 
Several options exist for metering systems to be 
selected and for pneumatic conveying. 

Main considerations in selection would be : 

1. Accuracy desired. 

2. Dependability and availability. 

3. Power consumption. 

4. Wear and maintenance. 

A typical system using solids flow meter is shown 
in Fig. 29.12. 

The layout should be designed to suit the system 
selected. In most cases, the silo will be on stilts and 
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1 

Silo of fly ash 

Areation2 

9 
.Ll.r---~---t-+--=----r---::::=----r--- To separator 

10 
8 

Straight to cement mill 

1 Silo of fly ash 

4 Aeration 

2 Aeration 

5 Feeder 

3 Outlets 

6 Solids flow meter 

9 Pipe line 7 Pnumatic conveyor 

10,11 Bin & feeder 

8 Compressor 

Fig. 29.12 Unloading fly ash from storage silo and feeding it to cement mills for grinding. 

~ 
G------E] 

7 

6 
B-3 

E±3 

1 ,2 Fly ash silo 3,4,5 Cement mills 

6,7,8 Fly ash bins near mills 

9,10,11 Clinker and Gypsum hoppers 

Fig. 29.13 Flexibility and interchangeability with 
multiple silos and cement mills. 

the equipment for extraction and metering including 
compressors and dust collectors would be installed 
under the silo. 
See Fig. 29.12. 

Venting of air displaced in unloading would have to 
be done as described earlier. 

1 

1,2 Fly ash bins 

4 Three way diverting valve 
5,6 Two way diverting valves 

3 Incoming pipe line 

Fig. 29.14 Pnumatic conveying multiple discharge. 

29.13 Feeding Fly Ash to Cement Mills 
The fly ash can be fed at inlet of mill or in separator. 

In option 1, fly ash is extracted from silo and 
conveyed pneumatically to a bin near the mill. A feeder 
under the bin, volumetric or weighing will extract fly 
ash from the bin and feed it to mill inlet chute. 
See Fig. 29.15. 
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1,2,3 Hoppers 4,5 Belt feeders 
6 Feeder for fly ash 

7 Belt to feed cement mill 
8 Fly ash introduced in to mill chute 

Fig. 29.15 Introducing fly ash in mill. 

If the fly ash is metered and conveyed from the 
storage silo then a bin is not required at the mill end. 
The conveying pipe can just empty into the feed chute 
of the mill. 
See Fig. 29.16. 

If fly ash is sent first to a separator then only coarse 
fraction would be sent to mill for grinding. Generally 
70 to 80 % of fly ash need not really be ground. 
Therefore there would be saving in energy as well as 
increase in output of the mill. 

Metered fly ash or To separator 

gg 
Feeders 0 0 0 0 

Fig. 29.16 Fly ash metered under main storage silo. 

29.14 Separate Grinding of Fly Ash 
A third option is also available in that fly ash could be 

ground separately to desired fineness and blended with 

ope in a metered manner. 

See Fig. 29.17 a, band c. 

This alternative of grinding, blending material 

separately is also available for blast furnace slag cement 

and will save power on a much larger scale because 

clinker to slag are in ratio of 40 : 60. 
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(a) OPC in closed circuit 

5 

(b) Grinding fly ash only 

8 opc 

7 'N\Nf:NVr1 
8 Pozzolona cement 

Grou~aSh 

20-25% 3 
5 

~8~75% 
o 

1,2 Clinker & gypsum hoppers 
3,4 Feeders 

5 Belt 
6 Cement mill opc 
7 Elevator 
8 Separator 
9 Coarse return 

10 Ground opc 

1 Fly ash from silo 
2 Separator 
3 Coarse return 
4 Mill 
5 Air slide 
6 Elevator 
7 Bag filter 
8 Product 
9 Fan 

10 Chimney 

1,2 Bins on load cells 
3,4 Rotary feeders 
5,6 Solids flow meters 

7 Conveyor 
8 Mixer/blender 
9 Pozzolona cement 

(c) Pozzolona cement made by grinding fly ash & opc separately and mixing them 

Fig. 29.17 Separate grinding of fly ash. 



CHAPTER 30 

30.1 Cement Mills 
Cement mills are dry grinding ball mills working either 
in close circuit or open circuit. 

Cement mills can also be vertical mills which are 
closed circuit mills with built in separators. 

As in case of raw mills, combinations of roller press 
and ball mill are also used to make cement. They will 
be operating in closed circuit with high efficiency 
separators. 

Vertical roller mills are increasingly coming into use 
to grind OPC and also Slag Cement. 

Slag being very abrasive, wear on rollers and table 
liners would be very high and allowance has to be made 
for more frequent replacement and more down time 
for this purpose. 

Vertical rollers mills would be heavy in capital cost 
but would save considerable power in operations. 

Separators come in two designs, one conventional 
also with variable speed dual drive and two, high 
efficiency separators which always have variable 
speed drives. 

New plants will, in all probability have only closed 
circuit mills because of ease with which different types 
and grades of cements which need grinding to different 
finenesses can be made. High efficiency separators 
after initial troubles are now well established. 

30.2 Roller Press and Ball Mill 
This combination is more suited for cement grinding 
because of hardness of clinker and slag. 

Clinker when passed through roller press under 
goes structural change and its grindability is reduced 
by 1/3rd . 
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3 

1 Fixed roller 2 Moving roller 3 Pressure curve 

Fig. 30.1 Action of roller press. 

Action of roller press is shown in Fig. 30.1. 

Thus clinker with a BWI of 16 after passing through 
the roller press will have a BWI of ::::::: 11. In passing 
through the roller press, approximately 1I3rd product is 
reduced to the desired fineness. Thus the power 
required to be put in for producing cement is reduced 
by about 45 % for mill only. Total system power 
required would be equal to : 

'Power of roller press + 0.55 x mill power + power 
for auxiliaries' . 

30.3 Saving in Power 
Power in auxiliaries in terms of kwhlt would be more 
or less same for ball mill and vertical roller mill circuits. 
It may be slightly more in case of roller press and ball 
mill circuit because roller press also works in closed 
circuit and number of auxiliaries are more. 
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Thus if a ball mill circuit required 35 units 1 ton 
consisting of 28 kwhlt for mill + 7 kwhlt for auxiliaries, 
with roller press it will be reduced to 2 K whit for roller 
press + 15.5 kwh for mill + 8.5 kwh for auxiliaries 

= 26 kwh 1 t i.e., a saving of 26 %. 

30.4 Layout of a Roller Press Plus Ball Mill 
The layout of a cement mill department is similar to 
that of raw mill being governed by the same principles. 

The ball mills will be longer for the same capacity 
because of differences in fineness to which raw meal 
and cement are ground and also because of differences 
in grindabilities of raw materials and clinker. The 
differences are compensated to some extent by the 
fact that 1.5 ton of raw material is required for making 
1 ton of clinker. 

Thus raw materials 

BWI 

10 

clinker 

BWI 

14 

Fineness of 14-16% residue 3000 Blaine 

Product 

Feed size 

on 90 microns 

-20mm 

Power kwh Iton 

of material ground. 16 

Per ton of Clinker 

K whiton of cement 23 

-20mm 

28 

27 

Mill capacity for a 3000 tpd capacity plant, with 
design margin of 10 % 

Therefore mill power 

Raw mill 

250tph 

4000kw 

cement mill 

175 tph 

4725kw 

Thus in all probabilities motors and gear boxes 
would be selected of higher ratings i.e., 4800 kw. 

However as explained earlier, cement mill will be 
sized to have additional margin of 10 %. Hence its 
capacity would be ~ 190 tph and mill power ~ 5130 kw. 
In this case also motor and gear box of higher rating 
would be selected both for raw mill and cement mill. 

30.5 Cement Mill Sizing and Power 
Since length 1 diameter ratios for raw mill and cement 
mill differ because of finenesses to which they are to 
be ground. lid would be 

For raw mill, = 1.8 - 2 

For cement mill = 3 - 3.5 

Ball mill power is a function of diameter, speed and 
% loading. Speeds of ball mills are generally between 
70 to 75 % of cirtical speed and % loadings for same 
type of mill are similar for raw and cement mills. 

Power = 0.515 x d x n x F x Constant 

F = Grinding media load in tons - both mills will be 
loaded to about the same percentage say 30 %. It is 
calculated from loaded volume and average bulk 
density of grinding media. 

n = mill speed in rpm 

n would normally be 31.73/d°.5 

d = diameter of mill inside liners 

Constant is a function of type of grinding media 
and lining plates and is also related to torque arm which 
in tum is related to % loading. For 30 % loading and 
raw and cement mills using balls as grinding media, 
Constant would be 0.44. Power drawn by a mill 
therefore could also be expressed as function of the 
diameter of the mill 

Power = 
K1 x d3.5 for raw mill 

K2 x d3.5 for cement mill 

Taking above example, sizes of raw and cement 
mills would be worked out as follows. 
See Table 30.1. 

Thus though motors will be selected corresponding to 
power of cement mill, diameters will not be the same. 
However, if motors and gear boxes can be the same 
and interchangeable, the spares 1 standby can be 
reduced. 

If mills were of different diameters their speeds 
would be different. To keep the same gearbox, gear 
pinion ratios would be different for two mills. 

All these points have an influence on layout and 
have been brought out for that reason. 



Table 30.1 

Sr. item unit Raw mill Cement mill 
No. 

1. loading % 30 30 

2. Ud ratio 2 3.5 

3. b.density t/m3 4.5 4.7 

grinding media * 
4. speed r.p.m. 31.731 d0 5 

5. Clear diameter m d d 

6. Grinding load tons 2.12 x d3 3.87 X d3 

7. constant 0.44 0.44 0.44 

8. Mill power kw 15.24 x d3.5 27 .83 X d3.5 

9. capacity tph 250 190 

10. Power at shaft kw 4000 5130 

11. Diameter d m 4 .9 4.4 

12. Grinding length m 9.8 15.4 

13. Dia. inside shell m -5.0 -4.6 

14. Total length m 10.5 16 

* bulk densities of grinding media would differ for raw and 

cement mills because in case of cement mills a large % of balls 

would be between 25 and 15 mms in diameter. 

30.6 Drives 
Mill can have a single or a dual drive. Single drive will 
be used to suit maximum capacities of motors and 
gearboxes available indigenously. Dual drive will be 
used so as to remain within the range of capacities 
thus available. 

Dual drive also has the advantage of being able to 
use gear and pinion of the same width i.e., if width of 
gear for 2500 kws is 750 mm, it would be the same for 
5000 kws with dual drive. 
See Fig. 30.2. 

Dual drive can be avoided if number of mills are 
increased. This would however be a very expensive 
proposition. 

The two motors should share load equally. But to 
be on the safe side a margin of 10% is added to motor 
rating when using dual drive. 

This example has become rather irrelevant, as ball 
mill would be seldom used for grinding raw materials. 
Gearbox of a vertical mill is totally different than that 
of ball mill. Hence, gear boxes would seldom be same. 
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3 
1 Girth gear-spur or helical 

4 Counter shafts with bearings 
5 Torsion shafts with gear couplings 

7 Motors 

2,3 Pinions 

6 Gearboxes 

8 Mill 

Fig. 30.2 Dual drive for ball mill. 

Perhaps motor ratings of two mills could match. 

If it is proposed to select a ball mill only for grinding 
cement, the size and rating of mill drive puts a limit on 
capacity of a single mill. 

For example cement mills of plants of 1000 to 3000 
tpd capacities would be as shown in Table 30.2. 

Table 30.2 

Plant capacity t.p.d. 1000 2000 3000 

With design margin and 1145 2290 3435 

Gypsum - 4% tpd 

Margin for Cement 1260 2520 3780 

grinding 10 % tpd 

Mill Capacity - tph 63 126 190 

Rounding off tph 65 130 200 

Motor at l.lx 27 Kwh I ton = 30 kwh/ton 

Motor kw 1950 3900 6000 

The most probable selection for mills and drives would be 

Single Mill Single mill 2 Mills 

Single drive Dual drive Single drive 

Thus in case of raw mill a single mill with auxiliaries 
would suffice for plants up to 4200 tpd capacity. In 
case of cement mills, for 3000 tpd and above it would 
be mUltiple mills - 2 or more particularly when blended 
cements are made. 
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30.7 Blended Cements 
Mills are also to be sized according to the cements 
that they are required to grind. This is particularly so 
when a plant makes blended cements regularly. 

Situation is very different for the two types of 
blended cements viz. PPC and Slag cement. 

In case of PPC, using fly ash, output of a mill will 
increase when making PPC by about 17 to 18 %. 
Hence mills should be sized for OPC and auxiliaries 
for ppe. 

In case of Slag cement, situation is very much 
opposite. 

Granulated slag is generally -6 mm in size and needs 
grinding. There is considerable difference in 
granulometries of clinker and slag and also in their 
grindabilities. Slag can either be inter ground with 
clinker to make slag cement or the two can be ground 
separately and blended to make slag cement. 

If the two are ground separately their respective 
mills could be sized and designed specifically to suit 
their properties and hence would give better results 
than in inter grinding 

30.7.1 Power for Slag Cement Mill 
Mill required to grind slag would be much bigger than 
that required to grind OPC because slag is difficult to 
grind and because it is required to be ground to a greater 
fineness. 

OPC - Blaine 3000 

Slag cement - Blaine 3400 

Let Grindability of clnker and slag measured in 
Bond's Work Index be 16 and 20 respectively. When 
inter ground, in proportions of 40 slag and 60 clinker, 
resultant B.W.I. will be 18.4. 

If the mill required 26 kwh/ton when grinding OPC 
of 3000 blaine, it will require ~ 36.6 kwh Iton when 
grinding slag only to 3400 blaine an increase of 45 %. 

When slag cement is interground, to a blaine of 
3400, power required would be 37.3 kwh/ton. 

For the same capacity, mill required to grind only 
slag or to make slag cement by intergrinding, will be 
much larger. 

A 3000 tpd plant making only OPC would need a 
mill of 175 tph and would require a drive of 175 x 30 = 
5250kw. 

When making slag cement by intergrinding, grinding 
capacity required would be 445 tph requiring driving 
power of 17355 kw. Thus if 2 mills of 100 tph were 
installed initially with a drive rating of 3000 kw each, 
then additional 4 mills drawing a total of 12000 kw 
would be required to be added when plant decides to 
make slag cement with a total drive rating of 18000 
kws. 

Grinding separately, plant would have to add 
grinding capacity of 270 tph requiring drive rating of 
~ 10200 kws requiring 3 more mills. 

30.8 Capacities of Silos 
Capacities of intermediate silos for ground slag and 
OPC would be minimum - 4 hours' and maximum-
12 hours ' mill capacities. 

Let Clinkering capacity be - 3000 t.p.d. 

Design capacity - 3300 t.p.d. 

Clinker % 38 - 3300 t.p.d. 

Slag % 58 - 5035 t.p.d. 

Gypsum % 4 - 350 t.p.d. 

Total rounding off - 8700 Tons Slag Cement 

Or - 3440 Tons OPC 

The layout must be arranged to facilitate feed of 
clinker, slag and gypsum to mUltiple mills. 

See Fig. 30.3 which is shown for intergrinding. 

30.9 Storage of Slag and Gypsum 
If slag and gypsum are stored in a common shed or in 
adjoining sheds, same conveyor could be used to feed 
gypsum and slag alternately. 
See Fig. 30.4. 

For a large installation however, there could be 
different storages and either a common belt or separate 
belts for, slag and gypsum. 
See Fig. 27.4 in Chapter 27. 

30.10 Hoppers for Clinker and Slag 
Clinker and slag hoppers would be of same size though 
proportions of clinker to slag would be 40 : 60. 

Gypsum at 4% would require much small hoppers. 
These gypsum bins could also be made of steel with 
conical bottom of steep angle and vibrators for ease 
of extraction of gypsum. 
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1 Clinker storage 

2,4,6 Clinker hoppers 

3,5,7 Gypsum hoppers 
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Layout - to make slag/pozzolona cement. 

Gypsum 

38 Fly ash pipe line 

Slag 

Clinker 
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Fig. 30.4 Making slag cement in a small plant. 

30.11 Making Slag Cement in a Small Plant 
In small plants, wet slag (in the absence of dryer for 
slag) is proportioned and fed on to clinker belt. Same 
would be the case of gypsum. Mixing of gypsum with 
clinker helps in flow of gypsum and clinker in the 
hopper. It would be better though to feed mill with 
dried slag. 
See Fig. 30.5. 

If slag is to be handled and ground wet, it would 
require hot gases to be made available for cement Mill 

to dry slag and gypsum. However, in this way a total 
moisture of 5-6 % only can be dried. Therefore it may 
not be possible to add full quantity of slag. 

These gases can come from cooler vent at 200 0c. 
But then the mills would have to be installed close to 
coolers. This may be possible for small plants but 
unlikely for large plants. 
See Fig. 28.11 in Chapter 28. 

It would be best to take gases for drying after the 
cooler dust collector otherwise it would carry clinker 
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1 Clinker + gypsum 

... --4----~~et ~ag 

6 

Hopper 

Cement mill 

1 Belt from clinker & gypsum stock piles 
2 Storage wet slag 3 Feeder 
4 Belt for slag 
5 Hopper - clinker + slag + gypsum 
6 Hot gas generator 7 Cement mill 

Fig. 30.5 Slag cement in a small plant receiving 
wet salg; 
drying of slag done in cement mill. 

dust. This is not a problem as such except that the 
dust would tend to settle in ducts. 

Another alternative would be to install a hot air 
generator, coal fired, to provide hot gases for drying. 
See Figs. 28.11 and 29.3. 

Which system to be adopted has to be decided in 
advance with the help of Consultants. This will 
facilitate firming of flow charts, departmental and plant 
general layouts. 

30.12. Conveying Cement 
It has been mentioned earlier that pneumatic conveying 
systems have been replaced by mechanical conveying 
systems like bucket elevators and belt conveyors. 

There should be a 'standby' for system conveying 
cement to cement silos so that production is not 
interrupted. 

For example : 

Two mills - 100 tph capacity can have 2 bucket 
elevators of 100 tph each + 1 elevator of 100 tph as 
standby. Alternatively, there can be two elevators of 
200 tph each. One will work and other would be a 
standby. 
See Fig. 30.6. 

rhfh M ~ 
345 

1,2 Cement mills each 100 tph 
a,b Cement mills each 100 tph 

c d 
3,4,5 Bucket elevators 

c,d Bucket elevators 200 tph either serves as standby 
4 Bucket elevator serves as standby 

Fig. 30.6 Standby for cement elevator in 
cement mill. 

In many cases, existing air lifts would be 
discontinued and bucket elevators used in their place 
for saving power. In such a case existing air lifts would 
be retained to serve as standby. 

30.13 Layouts with Roller Press and Ball Mill 
Flow chart 7.11 in Chapter 7 of Section 1 show the 
various ways in which Roller Press and ball mill could 
be used together to grind cement. As shown therein, 
there are three basic ways : 

1. Use roller press in open circuit as a precrusher 
only. 

2. Hybrid grinding in which both press and mill work 
in closed circuit. 

3. Use only roller press with a disagglomerator. 

Roller press operation necessitates that pressed 
cake at edges is separated from the cake in the middle 
and is returned to press for recrushing. 
See Fig. 30.7. 

This introduces more auxiliaries in the circuit. 

Therefore as compared to a V.R. Mills (even one 
with an external circuit), roller press -ball mill system 
will have more number of auxiliaries and would require 
more space also. 

Hoppers feeding roller press would be housed in a 
separate structure as would be the case with a 
Y.R. Mills. 

Roller press itself would be housed in a separate 
building with facilities for removing rolls and for building 
them up 'in situ' when worn. 

Ball mill and air separator and their auxiliaries and 
also dust collector would be housed in yet another 
building. 
See Figs. 30.8 and 30.9. 
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Fig. 30.7 Roller press - cake at edges collected 
seperately for recirculation. 
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Disagglomerator is used to break cake and circuit 
of roller press and disagglomerator has been shown in 
the system. Disagglomerator is part of high efficiency 
separator in Sepax design. 
See Fig. 30.10. 

This design is also used in circuits of roller press 
where ball mill is eliminated altogether. 

30.14 Layouts with V.R. Mills. 
Layouts with VR.Mills will be very similar to those 
for VRM used to grind raw materials except that when 
making only ope hot gas circuit will not be required. 

When mill has an external circuit and has a high 
efficiency separator, then also circuits and layouts 
will be comparable. 

Auxiliaries will be selected taking into account the 
fact that cement is more abrasive than raw meal. Bag 
filter used to remove product (ground cement) from 

Fig. 30.8 Flow chart of roller press and ball mill for cement grinding. 

Hopper 

~ 
Disagglomerator 

Belt 

Dust collector 
Elevator ball mill 

Fig. 30.9 Layout of roller press, ball mill and disagglomerator. 
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To bag filter 

Cage rotor 

Feed from elevator after mill 

Disaggolometer 

Grit separator 

Fig. 30.10 Sepax seperator cum disagglomerator and grit separator. 

air circuit will be sized by selecting a lower air/cloth 
ratio. It is also possible that a cyclone or at least a 
precollector would be installed before the bag filter to 
ensure longer life of bags. 
See Figs. 30.11 and 30.12. 

30.15 Pregrinding in Vertical mill 
Vertical mill can be used without air circuit to pregrind 
clinker before feeding it to ball mills for finish grinding. 
Such an installation would be practical where one 
pregrinding v. r. mill is used to feed two or more finish 
mills which will be much smaller in size. 
See Plate 13.2 in Chapter 13 of Section 2. 
See Fig. 30.13. 

In one system, a fluid bed separator follows a 
pregrinding mill. 
See Figs. 30.14 and 30.15. 

Vertical shaft impact crushers have also been 
developed as precrushers to reduce size of mill and 
system power. 
See Plate 13.1 in Chapter 13 of Section 2. 
See Fig. 30.16. 

30.16 Cooling of Cement 
It is necessary to keep temperature of cement produced 
within 100 to 110°C to prevent dehydration of gypsum. 
In the past cement mills were cooled externally by 
spraying water on the shells. 

Later water was also sprayed in the last 
compartment by inserting a pipe through the discharge 
end trunnion. 

If clinker was very hot then water was also sprayed 
in the first compartment. 
See Fig. 30.17. 

Cement coolers were also developed where cement 
was cooled indirectly by flow of water. 

An external cooler has been shown in a mill circuit. 
See Fig. 30.16. 

Its construction is shown in Fig. 30.18. 

These practices were prevalent when cement mills 
used to be open circuit mills. 
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Flow chart of V.A. Mill to grind cement/slag cement. 
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Fig. 30.12 Layout of vertical mill for grinding cement/slag. 
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5,6.7 Belt feeders 

10 Roller mill 

13 ESP 

Cement Silo 

Chimney 

Silo 

15 

1 Clinker hopper 2 Belt feeder 
3 Pre grinding vertical mill for finish grinding 
4 Elevator 
5 Belt conveyor for ground clinker ~WW cr--t> 6,7 Clinker & gypsum hoppers cr--t> cr--t> cr--t> 

0 0 ® 
8,9.10 Cement mills 

3 

~ 0 ~'-

Fig. 30.13 Using pregrinding vertical mill for a batch of finish mills. 
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From pregrinding mill 
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Fines to 
finish mill 

'V Coarse to pregrinding mill 
f1udised bed separator 

1 Feed hopper 

3, 6 Elevator 
5 Finish mill 

2 Pre-grinding mill 

4 Fluidized bed separator 

7 Separator 

Fig. 30.14 Fluidised bed separator in conjunction 
with pregrinding mill. 

Fig. 30.15 Mill circuit with pregrinding mill 
fluidized bed separator and finish mill. 

1 Hoppers 

4 Screen 

7 Grit separator 

10 Fan 

13 Fan 

2 Impact crusher 

5 Ball mill 

8 High efficiency separator 

11 Cement cooler 

Fig. 30.16 Grinding circuit with precrusher and external cement cooler. 

3 Elevator 

6 Elevator 

9 Pre collector 

12 Dust collector 
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Pressure gauge 
Air supply 

Pressure gauge 

Feed end 

+ 

Cement mill 

Rotary 
Junction box 

Shutoff 
Valve 

Shut off 
Valve 

Water pressure 
switch 

Water tank 

Water pump 

Fig. 30.17 Internal water cooling system for a cement mill. 

30.16.1 Cooling in Separators 
Cooling could be done in mechanical separators in mills 
working in closed circuit - reverse of drying in 
separators practiced earlier - by admitting cooling air, 
approximately 0.2 to 0.3 kg/kg of cement. 

In case of high efficiency separator, air is used for 
classification and its quantum is between 1-2 m3/kg of 
finish product. Thus cooling is easily and conveniently 
done in closed circuit mills with high efficiecy 
separators. 

With most cement mills being operated in closed 
circuit, internal water sprays are hardly required though 
they could be easily introduced in the circuits of ball 
mills as well as v.r. mills. 

30.17 
Fig. 30.19 shows a roller press preceding ball mill in 
a cement grinding circuit. 
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Material Inlet 

Cooling water outlet Cooling water inlet 

- Fluidizing air inlet 

Fig. 30.18 External cement cooler. 
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Fi9- 30.19 Layout of a Roller Press in cement mill circuit. 

• 

Note: Overhead lifting tackle for rollers 
Hoppers and feeders are also 
housed in the bulding. 
Ball mill will be in another building. 



CHAPTER 31 

31.1 Storing Cement 
Conventionally provision is made to store 7 days' 
production of cement. However, it could be as little as 
4 days' also. 

When different types of cements are made they 
will be stored in separate silos unless the different types 
are mutually exclusive. 
See Fig. 31.1. 

1 ope silo 

3,4 ope mills 

7,8,9,10 Elevators 

13,14Air slides 

ope 

Slag cement 

2 Slag cement silo 

5,6 Slag cement mills 

11,12 Receiving bins 

Fig. 31.1 Separate storage silos for different 
types of cement. 

31.2 Quantity to be Stored 
In deciding the storage capacity of cement silos, it is 
necessary to take into account : 

1. Types of cement to be made. 
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2. Schedule of production - quantities of each type. 

3. Minimum quantity to be stored for each type. 

Though the same mills could be used to make 
different types, the outputs would differ according to 
the cement made. 

For example: 

A 3000 kw cement mill may produce : 

100 tph - 0 P Cement 

120 tph - P P Cement 

60 tph - Slag Cement 

Daily production in each case would be 2000, 2400 
and 1200 tons respectively. 

It is not often that a plant would be making both 
Slag Cement and ppe but the possibility cannot be 
ruled out for locations that are close to steel plants 
and also to thermal power stations. 

31.3 Separate Grinding Mills and Storage Silos 
If the plant is required to supply OPC and Slag cement 
and or PPC simultaneously, it would have to use some 
mills to produce OPC and others to produce Slag and 
Pozzolana cements. 

However, it would be desirable that all mills should 
be able to produce all types of cement. Therefore 
feeding systems to mills should be common. 

Ifhowever some mills are earmarked for OPC only, 
and others for blended cements only then the respective 
silos can also be earmarked to hold these types of 
cement. Some plants make special cements like oil 
well cement, cement for railway sleepers and such 
special cements in small quahtities; hence may require 
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1,2 Main cement storage silos 
3 Silo for special cements 

4,5 Main cement mills 
6 Small mill for special cement 

7,8,9 Mill Hoppers 

Fig. 31.2 

10 Main feed belt 
11 Feed belt for special cement 

Grinding and storage facility for 
special cements. 

smaller silos / packing facilities for such special 
cements. 
See Fig. 31.2. 

Civil construction wise it would be desirable to 
construct all silos of same diameter; heights differing 
according to capacities. This would also make it 
possible to use identical equipments for aeration and 
extraction. This may not however always be possible. 

31.4 Silos and Dispatches 
Silos are a link between production units and 
dispatches. 

Dispatches can be in bulk and or in bags. The layout 
must also provide for both according to the market for 
each. 

Let total annual production be 1,000,000 Tons with 
break up of types of cements made; of bagged and 
bulk cement and also of dispatches by road and rail. 
See Fig. 31.3. 
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In effect it means storage capacities would be as 
follows: 

OPC 4,00,000/360 1110 TPD x 7 days 
:::::: 7800, say 8000 tons 

Slag 6,00,000/360 1670 TPD x 7 days 
cement 12,000 Tons 

total = 20,000 Tons 

Out of this OPC, bulk cement = 

80,000/ 360 = 220 t/day 

Therefore silo for bulk cement = 1600 Tons 
(7 days' stock) 

Thus, 8,000 Tons of OPC storage to be divided into 
6400 t for bagged cement and 1600 t for bulk cement. 
See Fig. 31.3. 

slag cement = 6,00,000 t ; 3,00,000 t bagged and 
3,00,000 t in bulk 

3,00,000 tons - bulk dispatch = 833 tons/day. 

7 days' stock = 6000 t for bulk and 

6000 t for bagged cement 

The plant can also opt out for 6000 Tons for road 
and plan for, 

3 - 6000 tons silos 

2 for rail/road and opc & slag cement 

1 for bulk dispatches - slag cement 

1 - 2000 Tons silo bulk dispatches by road 

Total = 18,000 + 2000 = 20000 Tons. 

or 

2 - 6000 tons silos 

1 each for road / rail dispatches for bagged opc & 
slag cements, and 

4 silos of 2000 t each for bulk dispatches 

I for opc and 3 for slag cement. 
See Fig. 31.4. 

31.4.1 Grouping of Silos 
Whereas silos used for rail and road dispatches of 
bagged cement would be linked together along with 
packing machines, silos used for bulk dispatches could 
be grouped together as in this instance bulk dispatch is 
by road only. However, it is possible that bulk dispatches 
can also be by rail since there is a railhead. 

31.4.2 
If the demand for special cements is small but regular, 
it may be worth while to install a separate small mill to 
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10,00,000 TPA Cement 

I Tons 
Total cement 

I I Types 4,00,OOOOPC 6,00,000 Slag cement 
I I I I I I 

80% Baaged 50% Bagged 50% Bulk 
Dispatches Bagged/Bulk 3,22,00 20% Bulk 3,OP,OOO 3,00,000 

J t 80tOO 

1 J 1 Rail 50% Road 50% Road 
1,60,000 1,60,000 Road 50% Rail 50% Road 100% Road/rail 

1,50,000 1,50,000 3,00,000 

Total dispatches - rail - 3,10,000 T 
Total dispatches - road - 6,90,000 T 

4,00,000 OPC 6,00,000 Slag cement 

I 
I 

I I 
I 

I 

6400T 1600T 6000T 6000T 
* 

A B C D 

I 
Bilk 

I B~lk t Bagged J 
Rt 

Bagged 

Jad 

Road Road 

Rail Road 

• For practical reasons silos A, C & D would have same capacity -
say6000T 

Fig. 31.3 Storages provided according to quantities produced and mode of despatches. 

2000 Teach 

For bagged cement For bulk despatchs 

Packing plant 

Fig. 31.4 Alternative pattern for storage of opc and slag cement for despatches of bagged and bulk cement. 

grind it together with a small storage silo and bagging 
facilities. 
See Fig. 31.2. 

Storage capacities of cement silos thus have to be 
arrived at carefully. 

At one end is the market the plant is serving and its 
share in it. 

At the other end are the production units - clinkering 
and grinding - which produce cements. 



31.5 Share of Market and 
Fluctuations in Demand 

A storage silo is a buffer, which maintains continuity 
of supply. The size of the buffer is determined by the 
frequency and periods of interruptions. 

If the share of the market, a cement plant has, is 
steady and regular the off take from the cement plant 
will also be steady and regular. 

But markets are anything but regular. There are 
seasonal fluctuations of demand which can however 
be anticipated. 

Supposing the market a plant serves, covers 3 States 
with a total demand of 4.0 x 106 tons / annum. 
(For simplicity we deal with only opc). The plant 
expects a 40% share of the market i.e., 1.6 m.t.p.a. 

Total demand is distributed season wise as shown 
in Table 31.1. 

Table 31.1 

Summer Rainy Winter Spring 
Demand 20% 20% 40% 20% 
In million 0.8 0.8 1.6 0.8 
tons 
Plant's 0.32 0.32 0.64 0.32 
share mt 
Monthly 
demand 
tons 106700 106700 213300 106700 
Daily 
dispatches 
tons 3560 3560 7120 3560 
Hourly 
dispatches 
tons 240 240 480 240 

Installed capacity to produce 1.6 million tpa of 
cement annually with 7200 running hours for mills and 
10 % design margin and 10 % margin for cement 
grinding capacity would be 1.6 x 1.1 x 1.1 :::: 1.94 say 
2.0 mtpa. 
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Cement grinding capacity daily 

= 2,000,000/7200:::: 280 t.p.h. = 5600 t.p.d. 

Rated Clinkering capacity of the plant would be 

= 4850 t.p.d. 

Or rounding off 5000 tpd. 

Kiln in operation = 5000 t.p.d. Clinker 

C.Mills in operation = 5600 t.p.d. Cement 

Despatches = 3600 t.p.d. for 9 months 

= 7200 t.p.d. for 3 months 

It will not do to reduce grinding capacity. But for 
such a pattern of seasonal demand, storage capacity 
could be reduced to 3-4 days' storage instead of 
7 days'. i.e., :::: 22000 tons. 

Since grinding capacity is adequate for season's 
maximum demand, even if one mill is down, stocks of 
20000 tons would be adequate to tide over. 

31.6 Availability of Trucks for Transport 
There are other factors, which can affect 'off take' 
from the plant. 

If the off take is dependent entirely on truck 
transport, the trucks may not be available due to factors 
like strike, or their diversion to seasonal application 
like transport of fruit in appropriate seasons. 

In such cases, for days on end, off take would 
dwindle to zero. 

If however, plant has enough storage capacity, silos 
could be filled up so that when truck supply resumes, 
dispatches can be made in full swing. 

3.17 
The plant has to take them also into account to work 
out storage capacity that would be adequate yet 
economical. 

The product mix decides the number of silos and 
storage capacity of each type of cement as explained 
above. 



CHAPTER 32 

32.1 Layout of Packing Plant 
The layout of 'cement storage and packing' has 3 
sections: 

1. Extraction from storage silos and feeding to 
packing machines. 

2. Packing machines with feeding arrangements 
for bags. 

3. Conveyor systems leading to truck and or wagon 
loading. 
See Fig. 32.1. 

15 

9 
14 

--4 

CEMENT STORAGE AND PACKING 

32.2 Silos 
Cement storage silos, except for very small capacities, 
will have flat bottoms. Bottoms have fluidizing facilities 
consisting of open air slides to fluidize cement and 
facilitate its flow through openings or discharge points 
same way as in case of silos for raw meal. 
See Fig. 32.2. 

32.2.1 Aeration of Silo Bottom 
The aeration area may be 10-12% or more of cross 
section of the silo. Aeration air should be free from 

~
3 

12 

/1 

~ 10 11 

1 Hopper above packing 
machine 

2 Packing machine 
3 Spillage hopper 

4 Screw conveyor 
5Air slide 
6 Air slide from storage 

silo 
7 Elevator 
8 Screen 
9 Air slide/screw to 

hopper 
10 Slat conveyor 
11 Belt conveyor for 

r-:L---Mesh to arrest foreign 
I""-?<!Ho.,......,.,.......,........,.......,.......,.P; bodies 

5 

Fig. 32.1 Layout of packing plant including recovery and return of spillage. 

332 

packed bags 

12 Dust collector 

13 Fan & chimney 
14 Cement silo 

15 Elevator to feeding silo 



Elevation 

Plan 

Fig. 32.2 Aeration of flat bottom silo. 

moisture as cement is apt to harden when it comes in 
contact with water. 

Formation of lumps inside silo is not unusual and 
periodic inspection and cleaning of lumps should be 
done. 

32.3 Sectionalized Silos 
A sectionalized silo can also be used to store cements 
of different grades / types. This is a ring silo. The central 
small silo can be used to store special grade cements, 
which is required now and then. The outer annular 
area will have several outlet points. It can store the 
type of cement mainly produced and sold. 
See Fig. 32.3. 
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1 Central silo 

8 
r 

3 to 7 Outlets for extraction 

8 ~ Aeration of outer silo 

9 Aeration of central silo 

2 Outer silo 

Fig. 32.3 Cement silo to hold different types 
of cements - ring silo. 

Another commonly used sectionalization is to have 
4/ 6 sectors with a central shaft. Aeration of its bottom 
is also shown. 
See Figs. 32.4. 

It can store say 5-7 grades of cement. But can be 
used to store at least 2 /3 grades. 

The principal advantage of sectionalization would 
be that the storage is divided into smaller capacities 
and can be emptied out for cleaning and operations, 
cyclically. 

32.4 Extraction Arrangements 
The extraction arrangements would consist of rotary 
valves, flow control gates and air slides to bring cement 
to the bucket elevator/so 
See Figs. 32.5 and 32.6. 

32.4.1 Extraction at Different Levels 
Extraction can also be at different levels in 
sectionalized silos of large diameter and capacity 
storing more than one type of cement. This is 
advantageous for simultaneous loading of cement in 
trucks and wagons. 
See Plate. 32.1. 

Two sets of transport and extracting systems would 
be needed if two types of cement were to be bagged 
simultaneously. They could also serve as standby so 
that continuity is maintained. 
See Figs. 32.6 and 32.7. 
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Plan 

Elevatton Section AA 

8 Central ring silo 

15 Outlet 

2 - 7 Sectional compartments 

9 - 14 Outlets 

16 Open air slides for aeration 

Fig. 32.4 Aeration of sectionalised silo for 
storing cements. 

2 

10 

Section - M of Fig. 32.8 

2 to 8 Outlets from sections 9, 10 Air slides 

All outlets can feed either of two air slides 9 & 10 

h should allow cross connections 

Fig. 32.6 Extraction from multi compartment 
silo to allow flexibility. 

32.5 Elevators for Delivering Cement 
The elevators can feed either of the two packing 
machines. If one elevator is feeding two packing 
machines, its capacity shall be the capacity of 2 
machines so that one elevator always remains as a 
standby. 

Heights of elevators should permit cross connection 
to ensure interchangeability. 
See Fig. 32.8. 

TYPE2 

• 

1 Rotary valve 

2 Flow control gate 

3Air slide 

.. 
TYPE1 

Fig. 32.5 Extraction arrangements for a flat bottom silo to handle more than one type of cement at a time. 



opc Blended cement 

1 Silo 2 - 8 Outlets 9,10 Airslides 

11 ,12 Elevators 13,14 Packing machines 

Fig. 32.7 Extraction arrangements for a flat 
bottom silo to handle more than 
one type cement at a time. 

r 
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32.6 Packing Machines 
The layout of the packing machine is relevant to its 
number of loading points and number of discharge points 
and how they are arranged. 

Basically there are two types of packing machines. 

1. Stationary: where loading spouts are in a line. 
Number of spouts in a line are limited to 4-6. Thus 
capacities of stationary machines are limited and they 
are suitable for small plants. Typical weighing 
mechanism of a stationary machine is shown 
See Fig. 32.9. 

2. Rotary: where filling spouts rotate, bags get 
filled during rotation and are discharged at a fixed point. 
Typical weighing arrangements of a rotary packer with 
conventional weighing and with electronic weighing 
are shown. 

See Figs. 32.10 and 32.11. 

Source : From an article by H.U. Schalkhauser in ZKG 

Plate. 32.1 Extraction from different levels in multi compartment silos for loading and blending of cement. 
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A B 
1 Elevator 2 Screen 
3 Packing machines 4 Spillage screws 

A, B - Two production lines 

Fig. 32.8 Height of elevators should 
permits interchangeability. 
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5 

1 Equal-arm weigh beam 
3 Upper guide rod 
5 Sack support 
7 Damping system 

9,10 Proximity switch 

4 2 

2 Weight box 
4 Lower guide rod 
6 Filling spout 
8 Fine feed control devic 

Fig. 32.9 Stationary packing machine equal-arm 
weighing mechanism. 

Packing machine and its auxiliaries are shown in 
Flow chart 7.12 in Chapter 7 of Section 1. 
See also Fig. 32.1. 

32.6.1 Screens in the System 
Elevators receiving cement from silos deliver it to 
screens, rotary or vibrating, to remove foreign bodies 
and grit from cement. This is necessary because 
spillage from packing machine is returned to the 
elevators. 

In the layout provision has to be kept for expansion. 
It would be logical to assume a second production line 
with a second machine. 

As mentioned in paragraph 32.4.1 there should be 
interchangeability between two production lines. Thus 
elevators should be able to deliver cement to either 
packing machine. 
See Fig. 32.8. 

32.6.2 Components of a Packing Machine 
A rotary packing machine consists of a bin with level 
indicators. This in turn feeds the built in bin with outlets 
equivalent to number of spouts. The speed of rotation 
can be changed. 

Each bag has a self closing valve. Bag is slipped 
over the nozzle or spout. It gets filled as the machine 
rotates. The weight of the bag is measured all along 
during the process of filling with weights or with 
electronic load cells. 

The feed is stopped when bag is full and the support 
and nozzle tilt for bag to slip out and fall on the slant 
conveyor below. 
See Fig. 32.12. 

The machine has a hood surrounding the spouts to 
collect and vent dusty air. 

Spillage is collected in a hopper under the packing 
machine and is conveyed by a screw conveyor back 
to elevator. 

32.7 Feeding Empty Bags 
The layout must also provide for feeding empty bags 
to the loading point of the packing machine. 

There are twenty bags to a ton. Therefore, a 
packing machine of 100 tph capacity would need to be 
fed with 2000 bags / hour or 10,000 bags / shift of 5 
hours or 30,000 bags in one day plus a small % of 
surplus. 
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3,4 Quick action cut off system 

5 Equal arm weigh beam 

8 Weight box 

11 Fine feed control device 

2 Paddle Feeder 

6.7 Damping system 

9 Filling spout 

10 Sack saddle 

Fig. 32.10 Rotary packing machine equal-arm 
weighing mechanism. 

Bags are received 'branded' showing type of 
cement, BIS certification, name and brand of Company, 
name of unit, etc. Bags are obtained and stored in bags 
godowns. Bags whether jute or polythene are 
inflammable and hence bags godown should, for 
safety's sake be a separate building fitted with fire 
fighting (extinguishers) equipment. 
See Figs. 33.1 and 33.2. 

32.8 Venting of Packing Machine 
and Auxiliaries 

The packing machine, elevator, screen, air slides and 
other auxiliaries, need to be vented. A bag filter is 
installed to vent the displaced air. 

Dust collected in the bag filter is also returned to 
the screw conveying spillage. Bag filter is located at a 
suitable place in the packing house along with its fan 
and chimney. 
See Fig. 32.1. 
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1 Filling spout 2 Valve sack 
3 Sack saddle 4 Sack support 
5 Compression spring (overload protection) 
6 Mounting frame 7 Flexural bar 
8 Flexural bar attachment 

9 Machine frame 10 Weight indication 

11 Guide rod 12 Tare relieving spring 

13 Tension adjusting screw 14 Fixing aperture 

15 Stop 16 Stop screw 

Fig. 32.11 Electronic weighing system. 

Suppliers of packing machine should furnish data 
on vent volumes to be provided for packing machine 
and auxiliaries. Dust collector and fan would be sized 
and procured accordingly. 

Spout ------

:;;----

50 kg capacity bag 

Support - which 
drops and allows 
loaded bags to fall 
down when 50 kg 
weight is filled 

Slat conveyor 

Fig. 32.12 Filling of cement in bags -
automatic discharge of bags. 



CHAPTER 33 

33.1 Bag Godown for Empty Bags 
Bales of empty bags will be received in wagons or in 
trucks. They have to be unloaded from trucks and 
wagons as the case may be and shifted to a bags 
godown. The bags godown must therefore have 
mechanized facility to handle bales of bags from 
wagons and trucks. 
See Figs. 33.1 and 33.2. 

7 

BAGS GODOWN 

33.2 Quantity to be Stored 
Number of bags to be stored would depend on the 
delivery period from the date of placing the order. The 
buffer stock to be maintained should tide over any delay 
in receipts so that packing operation does not come to 
a stand still for want of bags. 

A million tons plant will require 20 million bags / 
year or 1.78 Million bags/month or 60,000 bags per day. 

1 Empty bag godown 

3 Hoist & trolley 

5 Wagon 

7 Bales stacked in godown 

2 Mono rail 

4 Platform 

6 Truck 

Fig. 33.1 Empty bags godown - receipt of bags from railway wagons or trucks. 
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Space for opening bales 
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Fig. 33.2 Bags god own layout for handling bags inside godown. 
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1 Godown 

2 Mono rail inside godown 

3 Turn table 

4 Mono rail outside 

5 Hoist & trolley for placing bales 

[ = j Room for expansion 



Thus even a 15 days' stock would require 9,00,000 
bags to be stored. 

33.3 Sizing the Godown 
The size of bales and number of bags in it and its weight 
should be ascertained and godown should be sized to 
hold these bags plus 20-25% more and room for 
maneuverability. Space should also be provided for 
expansion. 
See Fig. 33.2. 

The bags are to be fed to the packing machines for 
bagging. 

Approximately 20-25% area of the godown is left 
vacant to unload bales and load empty bags on to the 
empty bags conveyor, which will take them to the 
packing machines. 

33.4 Empty Bags Conveyor 
The empty bags conveyor runs in all three planes
horizontally and vertically also- as bags would have to 

be brought from ground level to the loading platform 

of the packing machines. It consists of pans as shown 

to hold empty bags. The chain carrying pans moves in 
different planes as shown. The bags will be loaded in 
bags godown and unloaded at loading platform. A small 

stock should be maintained on loading platform so that 

2 

For expansion 

New bales 

4 

Conveyor for taking empty bags 
to packing machine 

1 Bags godown 2 Stacks of bales 

3 Mono rail for incoming bales 

4 Empty bags conveyor 

Fig. 33.3 

a - Area for expansion 
b - Area for stacking bales 
c - Area used to open bales 

Layout of bags godown for empty bags. 

Bags Godown 339 

in case the conveyor stops for some reasons, the 

packing operation does not stop immediately. The 

feeding rate of conveying should match the loading 
rates of the machines; it should be a little higher. 

See Figs. 33.3 to 33.6. 

2 

r134~ 
1 

5 

1 Bags godown 2 Packing plant 

3,4 Packing machines 5 Empty bags conveyor 

Fig. 33.4 Conveying empty bags from godown 
to packing platform. 

2 

1 Bags godown 2 Packing plant 

3,4 Packing machines 5 Empty bags conveyor 
7,8 Space for empty bags stock 

9,10 Loading pOints 
11,12 Belts for packed bags 

Fig. 33.5 Layout of conveyor for empty bags. 

33.4.1 Machines with Two Loading Points 
For matching with 2 loading points the conveyor would 
go round the machine for supplying the bags to the 
second point. 
See Fig. 33.5. 

33.4.2 
Another alternative to supply bags on loading platform 
is by means of a lift. 
See Fig. 33.7. 
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Fig. 33.6 Multi level and direction conveyor for empty bags. 

4 

6 

1 Bags godown 

2 Fork lift truck 

3 Trolley with empty bags 

4 Lift 

5 Floor of packing machine 

6 Packing plant 

Fig. 33.7 Lift and forklift truck for conveying empty bags to packing machine. 

33.5 Location of Bags Godown 
Of necessity, bags godown would be located near the 
packing plant. 
See Fig. 33.8. 

33.6 Safety - From Fire Hazard 
Bags whether made of paper or jute or polythene are 

a fire hazard. Bags godown should therefore be 

declared a 'NON SMOKING ZONE'. 

Further it should be provided with fIre extinguishers

manual or sprinkler type and also stands with buckets 

fIlled with sand. 

It should be mandatory to test that the equipment 

installed is in working order periodically. 

See Fig. 33.9. 
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1 Cement silos 
2 Packing plant 
3 Bags godown 

4 Railway siding 
5 Loading platform 

6 Mono rail to shift bales 
to bags godown 

7 Belts for loading 

Relative positions of bags godown and packing plant. 

Plan 

1 

3 

Elevation 

preventing fire in bags godown. 

2 
1 Bags godown 

2 Stand with sand buckets 

3 Over head sprinkler system of inert gas 

or 

4 Fire extinguishers fixed to wall 



CHAPTER 34 

LAYOUT OF PACKING PLANT AND DESPATCHES 

34.1 Basic Considerations 
The plant must know its market, its size and its 

fluctuations and how that market is served i.e., the 

demand pattern and how it is to be satisfied. 

As has been pointed out earlier it must know inter 

alia: 

1. Proportions of types of cement produced / 

cements dispatched. 

2. Proportions of loose and bagged cement. 

3. Proportions of road and rail dispatches also sub

divided into loose and bagged. 

The plant can then arrive at quantities of total cement 
bagged and total sent in bulk / loose. 

Having arrived at these quantities, the bagging 

capacity can be arrived at. 

Say out of 1,000,000 tpa Cement, 

60% is bagged = 6,00,000 tpa 

40% is sent loose = 4,00,000 tpa 

6,00,000 tons are to be bagged per annum. Packing 

plants generally work in all 3 shifts of the day. Effective 
working hours / shift are taken as 5. This is to allow 
for placing of wagons / trucks, change of loading gangs, 
diverting bags from one loading point to other etc. 

Thus maximum number of effective hours per year 

= 15 x 360 

= 5400 (360 working days assumed in 1 year) 

Therefore hourly packing capacity required 

= 6,00,000/5400 

= 111 tph 
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After allowing a margin of::: 20 %, packing capacity 

to be installed will be!::: 135 tph. 

See Chapters 9 to 11 in Section 1. 

However, Company may opt to install bagging 

capacity for total production of 1000,000 tons; in which 

case, capacity of bagging machines to be installed will 

be!::: 225 tph. 

34.2 Selection of Packing Machines 
Packing machines come in standard sizes and machine 

capacity to be selected would be from them. 

If standard sizes of machines available are in 

capacities of 100, 150 and 200 t.p.h. options for 

installing packing machines would be : 

1. 2 x 100 tph. 

2. 1 x 150 tph. 

Option with 2 machines would be preferred as 

packing operation and dispatches would not come to a 
stand still even if there is a breakdown of one machine. 

Depending on the size of the machine it would have 

1 or 2 loading points. Unloading points when bag 

becomes full would also be 1 or 2. 

See Fig. 34.1. 

Cement is packed in 50 kgs bags jute / polyethylene 

for Indian markets. Paper bags would be used for 

export markets. 

Thus a 100 tph machine has to receive and fill 2000 

bags / hr. The number of loading spouts would depend 

on the capacity of the machine. A filled bag would fall 

off the machine every 1.8 seconds. 



Loading 
point - 1 -

Discharge 

Discharge 
point 2 

Loadi~ 
point-1 Y 

Loading 
point 2 

Discharge 
point 

point 1 _..1.-. __ ..1.-. ____ .. 

For despatches 

Fig. 34.1 Bagging of cement. 

Packing machines can be stationary with stationary 
spouts numbering between 1 to 4. In stationary 
machines, spouts are arranged side by side. This limits 
the maximum number of spouts and hence capacity of 
a stationary machine. Each spout loads roughly at the 
rate of 15 tph. Loading rate increases for paper bags 
as compared to jute bags. 

While ordering packing machines, the supplier 
should be specifically asked the capacities with each 
type of bag. 

Thus, for a 100 tph capacity number of spouts would 
be 100 /15 = 7 

Machines come in standard number of spouts like, 
6, 8, 10, 12 etc. 

1 Packing machine 2 Loading spouts 
3 Counter weight 4 Spillage hopper 
5 Grilled platform 6 Slant conveyor 
7 Belt conveyor for loading - 600 mm flat belt 

Fig. 34.2 Packing of cement in bags. 
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Thus the layout around the packing plant would have 
to be designed to suit the packing machine selected. 

Bags automatically drop off when they are filled 
up within the tolerance ± 0.5 kg for a 50 kg bag. 

A 'slat conveyor' takes them to the loading belt. 
This conveyor allows for collecting spillage if any during 
the fall in a hopper under the packing machine so that 
it does not gat carried with bags. 
See Fig. 34.2. 

34.3 Loading Belts 
The loading belt is a flat rubber belt on which bags 
travel with their width across the belt as shown. The 
common size for a 50 kg bag is 500 x 700 mm. 

Therefore generally speaking a 600 mm flat belt is 
adequate when bags are carried on to the belt correctly. 

The speed of the belt must match the rate at which 
bag would fall on it. 

100 tph = 2000 bags per hour 

No. of bags / second = 0.55 

Let centre to center distance between two bags be 
900mm. 

Speed of belt should be = 0.90 x 2000/3600 
= 0.5 mlsecond. 

When a machine has two loading points, capacity 
of the belt carrying total output of the machine will be 
200 tph and its speed would 1.0 mlsec. 
See Fig. 34.3. 

900 

20l rl 200 r - Belt carrying ba gs 
ags d [j b Cement b 

700 700 700 700 

Loading rate 100 tph 

:. Bags/hr = 2000 = 33.3 bags/min 
:. Distance to be moved/min 

= 0.9 x 33.3 = 30 m/sec 

B I d 0.9 x 33.3 0 5 / e t spee = 60 =. m sec 

J 

Fig. 34.3 Belt speed to suit loading rate. 
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For keeping margin in belt capacity, speeds of 
0.6 m/sec and 1.2 m/sec respectively, could be selected. 

34.4 Dispactches 
The dispatches can be : 

I. By Road only. 

2. By Rail only. 

3. By Road and Rail simultaneously. 

4. By Road or Rail. 

If the plant has no rail link whatsoever nor is it 
likely to have any in future the layout would have to 
suit dispatches of bagged and bulk cement by road 
only. 

In this case, the layout would be designed to suit 
truck loading, manual or mechanized and bulk loading. 

The bagged cement may be conveyed in standard 
trucks or on long trailers. 
See Fig. 34.4. 

1 Loading belt 

3 Chute 

5 Truck positioned for loading 

Fig. 34.4 Loadings trucks. 

34.5 Manual Loading 

2Diverter 

4 Truck being loaded 

Manual loading is becoming exceptional and 
mechanized loading is becoming popular even in small 
plants. 

Truck loading machines are made to suit: 

1. Standard trucks. 

2. Long trailers. 

The plant may thus select the loading machines to 
suit its needs. If cement is conveyed in standard trucks 

as well as in trailers, it would be wise to install at least 
one jumbo loading machine. 

Alternatively if the plant is small, it may install a 
jumbo loading machine and use it for loading both 
standard trucks and trailers. 

There will be minimum of two loading points with a 
di verter shifting flow of bags from one to the other 
when one truck / trailer is full. 
See Fig. 34.5. 

Bag diverters thus play an important part in the 
loading layout. They are pneumatically or electrically 
operated. 

A diverter can also direct bags alternatively to 2 
loading points by getting lifted off the belt to allow a 
bag to pass underneath it. 
See Fig. 34.5. 

I 
) --

Diverter 2 lifted to let bags pass under it 
Loading possible simultaneously at 4 & 5 

1 Loading belt 2,3 Diverters 

4,5 Chutes to load trucks 

Fig. 34.5 Diverters permitting simultaneous 
loading at two pOints. 

This may be necessary if trucks are manually loaded 
and hence loading rate is lower than the bagging rate. 

If the bagging rate is 100 tph, it means it has to load 
10 No.s trucks of 10 t capacity. 

Each truck would get loaded in 6 minutes. If there 
is only one loading point, with manual loading, it is 
equivalent of shifting and placing and stacking 200 bags 
in 6 minutes or I bag every 1.8 seconds. 

In manual loading, there are 2 gangs with 5 to 6 
loaders in each. The two gangs load alternately. One 
gang loads while the other gang rests. Thus man power 
requirement is virtually double. 
See Fig. 34.6. 



10 tones capacity truck = 200 bags 

Fig. 34.6 Manual loading of trucks. 

1 Movement of belts 

2 

1 Truck Loading Machine 2 Truck 

Fig. 34.7 Mechanised loadings of trucks. 
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Fig. 34.8 

5 bags in stack 

5 bags in a row 
across width of truck 

Movement of belts 

Mechanised loadings of trucks. 

L •• 
tl: = = = = = = = = =r = = = ::11:1:' ============::::1)0 

- -
3 

1 Loading trailer 2 Jumbo truck loading machine 3 Loading platform 

Fig. 34.9 Jumbo truck loading machine. 

34.6 Mechanised Truck Loading 
In mechanized loading, the loading machine has 3 
movements. 

1. Backward and forward to take bags into the 
truck. The length and movement of belt would 
correspond to dimensions of the truck. 

2. Tilting - Vertically to facilitate stacking so that 
it is not necessary to lift a bag while stacking. 

3. Angular motion to reach corners of truck to 
eliminate shifting of bags. 
See Figs. 34.7 and 34.8. 

The number of men engaged can thus be reduced 
to 2 or maximum to 3. 

Since the manual work and efforts are very much 
reduced, there need not be 2 gangs (one loading and 1 
taking rest) even if it were so, the total number of men 
employ will be reduced from lOin case of manual 
loading to 6 in mechanized loading ; a reduction of 
40%. 

To accommodate loading of trailers a long platform 
is required for the belt to go inside the trailer and out. 
See Fig. 34.9. 
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Therefore this platform for loading a trailer would 
generally be installed at the end of the loading platform. 
See Fig. 34.10. 

-

1 Belt from packing machine 2,3 Diverters 

4 Jumbo truck loading machine 5 Long trailer & truck 

6 Truck loading machines 7 Standard 10 t trucks 

A - Platform for loading 10 t trucks 
B - Platform for long trucks & trailers 

Fig. 34.10 Loading trucks and trailers with 
loading machines. 

34.7 Mechanized Wagon Loading 
Mechanized wagon loaders are also now available to 
suit door dimensions of wagons of Indian Railways. 
See Fig. 34.11. 

Wagons loaders have same elements as truck 
loaders: 

1. Enter wagon and be maneuvered to reach 
corners of wagon. 

2. Backward and Forward movement. 

3. Tilting movement. 

4. Swivel motion of the last belt. 

Wagon loader comprises of three belts with 
independent drives. 

When jute bags are used there is more spillage and 
dust nuisance. 

The drives and moving mechanisms of belts need 
to be protected against dust. 

Some kind of 'venting' may also be provided. 

1 

8 2 

c=) 0::: 
(----

5 

Elevation 

1 Main loading belt 

3 Wagon loading machine 
5 Platform 

2 Divertor 

4 Wagon 

000000 
000000 

5 

Plan 

1 Loading belt 
3 Wagon loader 
5 Platfom 

t 
'!J 

2 Diverter 
4 wagon 

Fig. 34.11 Loading wagons by wagon 
loading machine. 

34.8 Platforms for Loading Wagons 
Platforms for wagon, loading would be different than 
for truck loading. 

It should be wide enough so that wagons can be 
loaded on both sides in case of manual loading and 
wide enough to move the wagon-loading machine along 
the platform and to shift it from one wagon to the other. 
See Figs. 34.12 and 34.14. 

Main loading belt may also be supported from 
trusses of roof over the loading platform. The wagon 

loading machine can then go under it and be moved 
along the platform. 
See Fig. 34.13. 



It can also happen that if the plant has its own 
locomotives, wagons can be shifted instead of wagon 
loading machines. 

In wagon loading, it is customary to place half rakes 
on either side of the platform to avoid very long lengths 
of the loading platforms. 
See Fig. 34.15. 

D-

o 
b 

c 
a 

a - Overall layout of wagon loading on 
both sides of platform 

b - Diverters arranged suitably 

c - Diverter raised for permitting wagon loading 
at two pOints simultaneously on same side 

Fig. 34.12 Manual wagon loading on both 
sides of platform. 

It also helps loading operations to be close to the 
packing machines and belt conveyor systems. 
Supervision is facilitated there by. 

The long belt on the platform may be reversible if 
feeding point is in the middle. But a long reversible 
belt can easily go out of alignment and hence it 
would be best to load the belt at one end and it is 
unidirectional. 

For loading the wagons on either side, diverters are 
installed on either side of the belt as shown. This will 
save time in shifting diverter. The same diverter is 
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1 Wagon loading machine with telescoping belts 

2 Main loading belt along platform 

3 Supporting structure for belt 

4 Platform 5 Wagon 

1a,1b,1c,= Telescopic belts out in loading operation 

Main belt can be supported from top 
from trusses along platform 

Wagon loading machine can go right 
under main belt as shown 
w = Width of platform much reduced 

) 

Fig. 34.13 Loading wagons with loading machines. 

raised and lowered to allow bags to pass under it to be 
able to load more than one wagon simultaneously. 
See Fig. 34.12. 

As in case of truck loading, it should be possible to 
have more than one loading points for loading wagons 
simultaneously. 
See Fig. 34.12. 

34.9 Maneuverability of Loading Machines 
Maneuverability of wagon loading machine is of utmost 
importance. 

The belts of the loading machine telescope - the 
minimum and maximum lengths should be known. A 
G.A. drawing of wagon loader with minimum space 
required to maneuver it, should be obtained from 
Suppliers. 
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Extension for expansion 

1 Belt from packing machine 
2 Supporting structure 
3 Belt along platform 
4 Wagon loading machine 
5 Wagons 
6 Platform 

w = Platform width 
h - Height of supporting structure 

above rail level to clear wagons 

Fig. 34.14 Another arrangement for wagon loading machines. 

I· _P I 
. 0000000000. 

l Yo rake length .I 
Loading platform 

Generally half rake load is positioned for unloading on one or both sides 

Y:z rake length Y:z rake length 

Belt from packing machine 

Y:z rake length 

~mpties 
./ Engine -+ Escape """-.... 

"'-----------------------~----------------',, 

I. Full rake ~= rerum .1 
Fig. 34.15 Layout of a railway siding. 

34.10 Data on Types of Types of wagons : 

Wagons to be Loaded normally closed wagons would be used. 

Rates of loading and hence number of loading points 
and also capacity and number of feeding points have 
to be calculated. Data should be collected on types of 
wagons to be loaded, their capacities and dimensions. 

8 wheeler wagons with 40 T capacity. 
4 wheeler wagons with 23 T capacity. 

Capacities of above wagons are for broad gauge. 
Similarly capacities for metre gauge wagons should 
also be obtained. 
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Table 34.1 

B.G. 
Sr Type Code Length Capacity Nosl Length Rake remarks 
No of no metres tonnes rake of load 

Wagon rake tonnes 

1 4 CRT 8.8 27.5 40 362 1100 Closed 
wheeler 80 724 2200 wagon 

2 8 BCXN 15.75 52.7 40 645 2100 Closed 
wheeler 60 960 3160 wagon 

Length is buffer to buffer in metres. 

1 Over head structure for loading belt 

3 Diverters 

5 Belt on loading platform 

7 Second loading platform 

For Broad Gauge 
c=4570 mm 
a = 2515 mm from columns 
h = 5050 mm without electric traction 

For Metre Gauge 
c = 3810 mm 
a = 1980 mm from columns 
h = 3810 mm without electric traction 

2 Belt from packing machine 

4 Toboggan 

6 Loading platform 

h - Height, a - Distance and c - Center distance 
between tracks maintained as per railways' norms 

Fig. 34.16 Loading platforms for wagons. 

34.10.1 Rake Loads 
Data on rake loads of wagons of different types and 
gauges should also be collected. It is useful in design 
of railway siding. 
See Table 34.1. 

34.10.2 
Data on wagons should be available from Railways' 
R.D.S.O. Luclmow. Such details should be procured 
as they are useful for preliminary design of railway 
siding and loading platforms. 

34.11 Layout of Loading Belts 
When a belt is crossing a railway line, it will be at a 
considerable height and bags must drop from it on to 

the loading belt on the platform. This fall may be several 
meters and bags can be damaged. 
See Figs. 34.14 and 34.16. 

Toboggans which are spiral chutes can be used to 
guide bags from upper belt on to lower belt safely. 
Toboggan can also change direction. 
See Fig. 34.17. 

If the fall is too much a serrated belt with a slope 
can be used to feed the bags gradually on to the loading 
belt. 
See Fig. 34.18. 

In this situation belt will be too high for truck loading 
also. Hence a luffing belt will have to be introduced 
between main belt and trucks. 
See Fig. 34.19. 
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?)~ 
r~1 (~.-----

1 Toboggan to change direction as well as 
negotiate difference in height 

2 Toboggan to break fall- both belts in same direction 

Fig. 34.17 Toboggan to break fall from height 
and change direction. 

34.12 Spillage 
In use of jute and polyethylene or h.d.p.e bags spillage 
at transfer points is inevitable. The seams of bags get 

stuck occasionally at transfer points. Hooks are used 

..c: 

II 
I 0 

to pull bags clear off the obstructions. This also causes 

spillage. At the end of the day, considerable spillage 
accumulates on loading platfonns, under loading belts etc. 

This is now cleaned up by mobile industrial vacuum 
cleaners and sent back to cement storage. 

A system should be installed to return cement either 
to storage silo or to elevator feeding packing machines. 
In doing so, the collected material should screened so 
that items like cotton waste, nails, iron pieces, welding 
rods, etc., do not find their way into the silo. 

The best place to return spillage would to return it 
to spillage collected under the packing machines. 

Also see layouts of packing plants with truck and 
wagon loading facilities in Chapter 14 of Section 2. 

- 4 

1 Belt from packing machine 
2 Toboggan 
3 Belt - inclined downwards 

4 Belt on wagon loading platform 

Total = Difference 'h' in height is negotiated in stages Belt 3 has serrated rough surface 

Fig. 34.18 Breaking fall between belt from packing machine and loading belt on loading platform. 

~---------~-
..c: 

5 

h1 - To clear wagons h2 - To clear trucks 

1 Belt from packing machine 

2 Toboggan 

3 Hinged luffing belt to load trucks 

4 Motorized chain block to raise or lower discharge 
point of belt so trucks can pass under it 

5 Truck being loaded 

Fig. 34.19 Loading of trucks with luffing belts which can change their inclination. 



CHAPTER 35 

SIMULTANEOUS LOADING OF TRUCKS AND WAGONS 

35.1 Dispatches by Road and Rail 
About 70 % of cement produced is now sent by road. 
The plant has therefore to provide facilities for truck 
loading as well as wagon loading. Often these 
operations are simultaneous and rarely mutually 
exclusive. 

The layout must therefore provide for facilities for 
truck and wagon loading both. 

Since railway siding is long and has several tracks, 
it is best to keep it at the extreme boundary of the 
plant in the general layout. The truck loading facilities 
are therefore fitted between packing machines and 
wagon loading. Belts for wagon loading go over truck 
loading facilities. 
See Figs. 35.1 and 35.2. 

As mentioned in previous Chapter, luffing belts with 
rough surfaces are used as intermediate belts. 
See Figs. 35.3, 35.4 and 35.5. 

Trucks are positioned and moved backwards / 
forwards for filling and placing bags. 

It is also possible to use standard truck loading 
machines. 
See Fig. 35.5. 

35.2 
Whatever the layout, it should satisfy the following 
norms: 

1. The paths of trucks should not cross. 

2. There should be room for backing, reversing and 
making 'U' turns. 

3. Some parking place should be provided in case 
all loading points are busy. 
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4. In flow of trucks into the plant premises should 
be regulated at the gate. 

5. Railway lines and truck routes should not cross 

See Figs. 35.1, 35.2, 35.6 and 35.7. 

35.3 Working Out Requirements 
If a million tpa plant dispatches 1 million tons of cement / 
annum by road only, it would have to dispatch 
3000 tpd of cement. 

It would thus have to handle 300 trucks (10 tons 
capacity) in a day of 15 effective hours or 20 trucks / 
hour. 

Though loading takes place in all 3 shifts, trucks 
would not be coming in evenly. 

At an even rate of loading, each truck would have 
to be loaded in 3 minutes. 

But trucks may come say: 

20 truckslhour between 7 a.m. to 9 a.m.; 

30 trucks / hour between 9 a.m. to 11 a.m., 

40 trucks / hour between 11 a.m. to 2 p.m. 

Bagging rate is already fixed according to capacity 
of packing machines, say 200 tph. 

Thus trucks would have to wait for their tum to 
come for loading. Therefore, a well designed parking 
space large enough to hold 50 to 80 trucks should be 
provided. It should have facilities for drivers' needs 
like toilet / resting / canteen, etc. 

It is best to provide this parking space outside the 
boundary wall of the plant. 
See Figs. 35.6 and 35.7. 
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Fig. 35.1 

11 

Fig. 35.2 
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13 

1 Cement mill 
2 Elevator 
3 Pneumatic conveying system 
4 Cement silos 
5 Pneumatic conveying pipe 
6 Silo for bulk loading of wagons 
7 Silo for bulk loading of trucks 
8 Packing plant 

9,1 0 Belts 
11 ,12 Wagon loading platform 

13 Railway siding 

A - Truck loading bags ] Despatches by 
B - Carrier loading bulk road 

C - Wagon loading bagS] Despatches by 
D - Wagon loading bulk rail 

Facilities for simultaneous truck and wagon loading of bagged and bulk cement. 
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Simultaneous truck and wagon loading 

Railway siding 

1 Entrance 
2 Dividers 
3 Time office 
4 Security 
5 Parking yard outside 

the plant for trucks 

6 Weigh bridge 

7 Truck loading platform 

8 Parking for trucks 
9 Railway siding 

10 Wagon loading platforms 
11 Belt from packing machines 



1 Packing plant 2 Loading belt 
4 Tilting or luffing belts 5 Trucks 

3 Diverters 
6 Gantry 

7 Inclined belt / tobbgan 8 Loading belt on platform 

9 Wagon loading machines 10 Wagon 
11 Loading platform 

Fig. 35.3 Simulataneous truck and wagon 
loading of bags. 

Loading platform 

3 

-
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1 

Fig. 35.4 

2 

• 

1 Belt from packing machine 

2 Diverters 

3 Tilting belt 

4 Truck being loaded 

Loading trucks with overhead 
luffing belts. 

1 Main loading belt 

2 Diverters 

3 Belt to reduce height 

4 Loading belt for trucks 

5 Truck loading machine/s 

6 Truckls 

7 Jumbo loading machine 

8 Trailer 

9 Intermediate belt 

10 Loading belt 

11 Wagon loading machine 

12 Wagons 

Fig. 35.5 Using truck loading machines along with machanised loading in wagons. 

35.4 Other Traffic by Trucks 
When slag / fly ash etc., is also received in truck loads, 

it may be better to provide a separate entrance and 

exit for these trucks out of the way of main traffic for 

cement. 

See Fig. 35.S. 

It would also be desirable to keep the truck traffic 

out of the way of traffic of the plant itself like workers 

and staff coming and going in, cars, cycles, scooters, 

trucks, etc. This will greatly reduce risk of accidents. 

Separate gates may be provided for factory traffic and 

for loaded / unloaded trucks. 
See Fig. 35.7. 

35.5 Railway Siding for Loading Wagons 
Truck traffic should not have to cross railway lines. 
There would be too many hold ups in addition to risks 
of accidents. 
See Figs. 35.1 and 35.2. 

Railways lines should be far away from factory 
traffic so that workers going from colony to works 
and back do not have to cross one / more railway lines. 
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Fig. 35.6 
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Fig. 35.7 
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1 Main entry 
2 Main gate 
3 Time office 
4 Security 
5 Large parking lot outside the plant 

6 Rest rooms I toilets 
7 Small waiting area inside the plant 
8 Loading platform 
9 Loading pOints 

10 Weigh bridge 

Truck loading traffic - waiting and parking arrangements. 
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Separate entrances for trucks and other factory traffic. 
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Time office 

1 Main parking lot for trucks 

2 Rest rooms 
3 Gate for truck traffic 
4 Gate for factory traffic 

5 Gate for pedestrians 

6 Time office I security 

7 Weigh bridge 
8 Truck loading 
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1 Raw mill hopper 
2 Raw mill 
3 Blending silo 
4 Preheater 
5 Kiln 
6 Cooler 
7 Clinker storage 
8 Cement mill 
9 Cement silos 

10 Packing plant 
11 Loading platform for 

trucks 
12 Loading platform for 

wagons 
13 Railway siding 
14 Truck traffic for slag 
15 Truck traffic for cement 
16 Slag storage 
17 Slag dryer 
18 Slag belt 
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Fig. 35.8 Layout showing relative positions of railway siding and clinker and slag 
storages; separate entries for traffic of slag and cement. 

Wagons are shunted and moved all along and at all 
hours along the railway line. Accidents can happen 
and should be avoided at the layout stage itself. 

If it is not possible to do so then manned crossings 
should be provided to avoid accidents. 

35.6 Automated Truck and Wagon Loading 
It is possible to automate packing and loading 
operations when paper bags are used. It has already 
been done. 

Automation is not confined to the machines used 

like packing machines, truck and wagon loaders but 

covers total operation beginning with receiving orders, 

placing of trucks and wagons for loading and also 

raising invoices. Systems of automation are shown 

schematically in Figs. 35.9 and 35.10. 

When operations are thus automated, provisions for 

parking lots for trucks may sound outdated or 

unnecessary. Still there are many a plant and many a 

country which use jute and h.d.p.e bags where full 

automation is difficult. Provisions suggested above 

would apply to such situations. 
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Disk unit 
63 M bytes 

Works 1 

Works 2 
Magazine for 
23 diskettes 

Computer system 

System printer ..,.--v. 

Operator's desk 1 
- logging of orders 
- system maintenance 

Fig. 35.9 Central system configuration. 

Works 3 

Works 4 

Long-distance data transmission between 
works and central office and works 

Operator's desk 2 
- scheduling 
- communication with the works 

< Works exit Vehicle weigh bridges 

Fig. 35.10 

Delivery note printer Delivery note printer 

Long-distance data 
transmission between 

works and central office 

system 

System 1\<> 1'E=~t-_--.J Operator's desk 1 Operator's desk 2 

Works system configuration. 



CHAPTER 36 

BULK LOADING AND TRANSPORT BY ROAD AND BY RAIL 

36.1 Bulk Receipts and Dispatches by Rail / 
Unloading Wagons 

Bulk dispatches of cement by rail would normally 

require special self-unloading wagons. However, on 

occasions, loose cement has also been transported in 

common closed or even open wagons. 

For common wagons without built in unloading 

facilities, wagon un-loaders are used which convey 

loose cement in the wagon pneumatically to storage 
silo. Else, cement can be unloaded manually into trough 

4 

5 

2 
3 

a With the help of cement un loader 

Fig. 36.1 

1 Railway track 
2 Wagon 
3 Cement unloader 
4 Storage silo 
5 Pipe line 
6 Compressor 

7 Platform 

Cement / fly ash unloading from wagons. 

5 

357 

hoppers by the side of rail tracks and cement conveyed 

pneumatically therefrom by FK Pumps. 

See Fig. 36.1. 

Bulk cement received in special wagons can be 

unloaded pneumatically. 

See Fig. 36.2. 

36.2 Loading Bulk Wagons 
Wagons can stand under the silo or silo can be by the 
side of the track. 

b Unloading manually 

1 Track 
2 Wagon 
3 F. K. pump 
4 Hopper above pump 
5 Pipe 
6 Cement silo 

7 Compressor 
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5 
1 Special wagon with sloping air slides 

2 Flexible chute 

4 

A 3 F.K. pump 
4 Pipe 
5 Storage silo 
6 Compressor 

or 

B 7 Ejector 
8 Blower 

-C 7 ::=J-
To silo 8 

From blower I compressor 

A B 

Fig. 36.2 Pneumatic unloading of cement from special wagons. 

In this case, a weigh bridge of suitable capacity 
(weight of loaded wagon) would be installed under the 
track. 
See Fig. 36.3. 

Loading rate should be adjustable reducing quickly 
and with a sharp cut off as wagon is getting filled up 
See Fig. 36.4. 

It may also be possible to install silo in such away 
that truck and wagon loading could be possible 
simultaneously. 
See Fig. 36.5. 

36.2.1 Bins on Load Cell 
Installing weigh bridges can be avoided if a measured 
quantity can be held in an intermediate bin for unloading 
into truck / wagons. 
See Fig. 36.5. 

Various possibilities of bulk dispatches by road and 
rail have been shown in photos attached to Chapter 15 
of Section 2. 

36.3 Bulk Dispatches by Road 
Dispatch of dry fly ash in bulk carriers has already 
been dealt with in Chapter 29. 

Cement is dispatched by road in similar bulk carriers 
in a similar fashion. Scale would be much larger. 
See Figs. 36.3 and 36.5. 

If the storage silo is large enough, instead of a flat 
bottom, it can have an inverted cone with several 
outlets. More than one bulk carrier can stand under 
the silo and can get filled. Dust collector for venting 
can also be installed under the silo. 
See Fig. 36.6. 

36.4 Venting 
Filling operation of cement would need venting. The 
flexible pipe used to connect carrier with loading point 
of silo will have a facility to suck vent air. It will be 
passed through a dust filter. 
See Figs. 36.3, 36.6 and also Fig. 29.9 in 
Chapter 29. 

36.5 Separate Terminal 
If the dispatches in bulk are regular it is best to provide 
a separate silo with bulk loading facilities either 
common for road and rail dispatches or separate silos 
for the two. 
See Figs. 36.3, 36.5 and also Fig. 35.1. 

Chapter 35. 
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1 

1 Cement silo 

2 Aerated hopper for extraction 3 Rotary valve 

4 Flow control gate 

6 Special bulk wagons 
8 Weigh bridge 

6 Bulk carrier - truck mounted 

5 Flexible connection 

7 Railway track 

9 Dust collector 

1 

8 Weigh bridge 

Fig. 36.3 Bulk loading of wagon and truck 
directly from cement silo. 

36.6 Automation 
Automation is much easier for bulk loading and has 
been adopted almost everywhere in different degrees. 
See 35.9, 35.10 and also Paragraph 35.6 in 
Chapter 35. 

~ ---i-----,.------..... 
OJ 
c: 

] t 

B 
-Minutes 

Time 90% Cut off 
100% 

A 90 % load filled - feed reduced 
B 100 % load filled - feed reduced 

Fig. 36.4 Rate of filling reduced to fill exact 
weight in wagons, bulk carries. 

10 

1 Cement silo 

2 Cutoff gates & flow control gates 

3 Hopper on load cell 

5 Railway special bulk wagon 

7 Aerated hopper 

8 Rotary valve & flow control gate 

9 Flexible connection 

o Road - bulk carrier 

r+r-_-rh 5 

6 

4 Flow control 

6 Railway track 

11 Weigh bridge 

Fig. 36.5 Simultaneous bulk loading in wagons 
and trucks. 
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Fig. 36.6 Bulk loading in carriers under a silo with an inverted cone. 

1 Cement silo with inverted cone 
2,3 Outlets from silo 
4,5 Cutoff gates and flow control gates 

6 Flexible connection 

7 Bulk carriers 
8 Weigh bridges 

9 Dust collector 

10 Open air slides for aeration 

36.7 Extraction from Different Levels 
In Chapter 32, while dealing with section ali zed silos 
it was mentioned that it was possible to extract different 
cements simultaneously from different levels. 

Such an arrangement would be very pertinent in case 
of simultaneous bulk loading described above. 

See plate 32.1. 



CHAPTER 37 

37.1 Dispatches of Clinker 
Many plants now sell clinker to small grinding units; 
others have split locations and hence transport clinker 
in large quantities to the location where grinding unit is 
situated. 

There are also plants that have a two-way traffic 
of bringing in slag and sending out clinker. 

Some plants export clinker. In all such cases 
provision has to be made to load clinker in bulk in trucks 
and or in wagons because clinker is sent loose. 

37.2 Loading Clinker in Trucks 
For loading clinker in trucks, the possibilities are to 
use: 

1. shovel or pay loaders, 

2. grab cranes, 

3. belt conveyors, 

1 and 2 would cause considerable dust nuisance. 

In a small plant which store clinker in a shed with 
belt conveyor, it may be possible to extend the main 
conveyors for loading trucks with either fresh or stored 
clinker. 
See Figs. 37.1 and 37.2. 

Clinker goes to the stockpile when trucks are not 
loaded or during the change over time when loaded 
truck is replaced by an empty truck. Loading hot fresh 
clinker would generally be avoided. The transfer point 
will consist of a two way chute operated manually or 
electrically. 

Loaded trucks will pass over a weigh bridge (having 
noted weight of empty truck as they come in) and 
weight of clinker loaded can be found and recorded. 
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37.3 Separate Bin for Loading Clinker 
Frequent shifting of clinker route can be avoided if a 
small bin with a feeder is installed. If the bin is on a 
load cell, so much the better because the clinker loaded 
can be weighed while loading. 
See Fig. 37.2. 

The splitting of belt for installing bin or a take off 
point would require a head room of 2 to 3 meters which 
should be provided in the layout. Alternately the loading 
point may be shifted close to the clinker hoppers. 
See Fig. 37.3. 

This arrangement would avoid splitting but would 
bring loading point close to mill building blocking access 
to it. 

An alternative to this would be to install a belt 
conveyor at top of hopper to convey clinker to a loading 
point at a convenient distance from the cement mill. 
See Fig. 37.4. 

In this arrangement dust nuisance could be 
controlled by installing a dust collector on the bin. 

In arrangements shown of loading without a bin, 
dust nuisance during loading can not be avoided. 

37.4 Loading Wagons 
If clinker is to be sent in wagon loads for plants with 
split locations then arrangements are required be made 
near the rail tracks for loading wagons. 
See Fig. 37.5. 

If the bin provided is on load cells, weight of clinker 
loaded can be known. 

Otherwise, wagons would have to pass over a weigh 
bridge to find out clinker loaded. 
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a 

b 
a Loading fresh clinker 
b Loading clinker from stock pile 

Fig. 37.1 Loading clinker for dispatch in small plants. 

4 

2 

1 Clinker storage 
2 Clinker stock pile 
3 Belt for extraction 
4 Throw off chute 
5 Truck 
6 Cement mill hoppers 

1 Clinker storage 

4 Throw off chute 

7 Truck 

2 Clinker stock pile 

5 Bin on load cell 

3 Belt for extraction 

6 Feeder 

8 Cement mill hopper 

Fig. 37.2 Loading clinker for dispatch through bin on load cell and feeder. 

Fig. 37.3 Alternative location for loading clinker in trucks. 

Plant capacity 

3 Belt from clinker storage 

4 Two way chute 

5 Bin on load cells 

6 Vibro feeder 
7 Truck 
8 Cement mill hopper 

The structure to hold bin and feeder above the track 
would have to be designed according to norms laid 
down by Railways regarding heights and clearances. 
See Fig. 37.6. 

Say 50% clinker dispatched 

3000tpd 

= 1500tpd 

37.5 Loading Rates 
Loading rates and number of loading points would 
depend on quantity of clinker to be dispatched and time 
available for loading. 

Wagons to be loaded per day 

22 t capacity 

55 t capacity 

Time available for loading 

68-70 

27 

= 6 Hours. 
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3 Belt from clinker storage 

4 Three way chute 
5 Cross belt 

6 Bin on load cell & feeder 

7 Truck 
8 Cement mill hopper 

Fig. 37.4 Bin for loading clinker at a distance from cement mill. 

I I 

1'1 1 I I 

2 
4 

~::J -
3 

Fig. 37.5 Loading clinker in wagons. 

Therefore number of wagons to be loaded per hour 

22 t wagons ::: 12 

55 t wagons ::: 5 

Loading rates required would be : 

1 point 300 tph 

2 points 150 tph 

3 points 100tph 

In tum it would mean that clinker withdrawn from 
stock pile should also have corresponding extraction 
capacities, i.e., 300 tph - regardless of capacities of 
Cement Mills. 
See Fig. 37.7. 

8 

6 

1 

1 Clinker storage 

2 Belt 

3 Bin with feeder 

4 Belt to bins 

5 Cross moving belt reversible 

6 Track for belt 

7 Bins with feeders 

8 Railway track 

9 Open wagons 

Cement Mill hoppers can be filled as and when 
they are emptied. But wagon-loading hoppers must be 
full when wagons are available. Thus at that time, 
clinker cannot be sent to Cement Mill hoppers unless 
extraction rates from stock pile are higher. 

Installing very large capacity hoppers above railway 
track for dispatching clinker is one solution but is 
expensive in equipment and civil costs. 

37.6 Bulk Dispatches in Barges/Ships 
Bulk dispatches of clinker for sending clinker in barges / 
ships. 

Cement plants in Gujarat, send clinker to ports on 
West coast of India to places like Surat and Ratnagiri. 
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1 7 

10 

Clearances c, d as per railway norms 

1 Belt from clinker storage 

2 Hopper 

3 Feeder 

4 Belt to bins on railway track 

5 Moving cross reversible belt 

6 Track 
7 Bins on load cells 

11 8 Feeders 
9 Open wagons 

10 Railway track 

11 Structure for bins and belts 

Fig. 37.6 Clinkers loading for despatches in wagons for large plants. 

1 Clinker storage 

2 Clinker stock pile 

3 Feeders 

4 Belt 

5 Two way chute 

6 Belt to load wagons 

7 Belt to cement mills 

Fig. 37.7 Clinker loading in wagons exclusive to filling cement mill hoppers. 

If the clinkering unit is located near the coast, 
double handling of clinker could be avoided. 
Alternatively, an intermediate storage and extraction 
facility could be created at the port. 

Clinker would be best conveyed by belt conveyors 
because it is granular and abrasive. 
See Fig. 37.8. 

If the barges are owned by the Company, loading 
time can be adjusted to suit. 

37.7 Tides and Coast Line 
Sea has tides and hence water levels fluctuate. The 
jetty should be designed to be able to load barges at 
low tide. 

The difference in high and low tide levels and the 
distance by which sea goes out at low tide depends on 
the contours of coast line. 

In a gradually sloping coastline, even a small 
difference vertically between high and low tides would 
mean considerable difference horizontally. 
See Fig. 37.9. 

In case of steeply sloping coastline, the horizontal 
difference would be small. 
See Fig. 37.10. 

Draft available would decide size and capacities of 
barges. For larger barges, jetty would have to go further 
into sea. 



Fig. 37.8 

Fig. 37.9 

2 

3 

5 8 
4 

A 

or 

B 5 
0 

10 8 

Loading clinker in barges. 

--- ~----------------~ 
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1 Clinker storage in plant 

2 Transfer point 
3 Overland conveyor to port 

4 Transfer point 
5 Belt 
6 Moving belt 

7 Barge 
8 Jetty 
9 Hoppers at port 

10 Feeders 

A - Loading directly into barge 

B - Hoppers at port 

h- Vertical difference in heights between high and low tides 

I - Horizontal difference in positions at high and low tides 

d - Minimum draft required for barge 

High and low tides charge pOSitions of barges; shallow slope of coast line. 

All these factors would have to be considered in 
locating the jetty and its projection inside the sea so 
that largest barges can be docked without getting 
grounded at low tide and can be loaded even then. 

The tons of clinker loaded into the barge should be 
metered or a barge loaded till it sinks up to a line 
marked on its side. 
See Fig. 37.11. 
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d "- Draft required for barge 

I - Much shorter with steep shore line 

h - Vertical difference between high and low tides 

Fig. 37.10 Steep slope of coast line. 

1 

2 
----~------------------~~-- 3 

1 Maximum load 2 Usual safe load 3 Empty 

Fig. 37.11 Lines marked on sides of barge 
can indicate tonnage loaded. 

37.8 Unloading Ships and Barges 
Barges need to be unloaded at the destination port. 
Portable belt bucket conveyors can be used for the 
purpose. 

The barge holds should have a built in bucket 
elevator / dbc to facilitate unloading. 

For a granular and abrasive material like clinker it 
would be difficult to use pneumatic systems like airveyor / 
airstream. Hence, mechanical unloading systems like 

one described above would be suitable. 
See Fig. 37.12. 

37.8.1 Grab Bucket Crane 
Another alternative would be to use grab bucket cranes 
for emptying the barges. 
See Fig. 37.13. 

3 

4 

1 Barge 

3 Belt to plant 

2 Belt bucket conveyor 

4 Jetty 

Fig. 37.12 Unloading from barge at desitination. 

The capacity of crane would depend on the 

capacity of the barge and time available to unload it. 

Unloading operations are also affected by tides and 

the unloading facilities should serve during high and 

low tides both. 

See Fig. 37.14. 

Time for one trip consists of 

Travel to load empty bucket 

Filling & Lifting bucket 

To come to unloading position 

Unloading 

Number of trips / hour = 30 

~ 30 seconds 

~ 30 seconds 

'" 30 seconds 

~ 10 seconds 

100 seconds 

say 2 minutes 

Time available to unload a 10,000 Tons barge -
say 24 hours 

Unloading rate in tph = 415 say 420 tph 

effective bucket capacity = 420/30 = 14 tons 

say 15 tons 

37.9 Barges Available for Dispatches 
If the company owns barges, they can all be of uniform 
size and capacity. Hence, the position of jetty to dock 
barges and the EOT crane overhead can be designed 
with certainty. 
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1 Jetty 2 Crane gantry 

3 Over head traveling grab bucket crane 
4 Barge 5 Hopper on jetty 

6 Feeder 7 Belt to grinding plant 

Fig. 37.13 Unloading barges with overhead grab 
bucket crane - plan. 

3 

Max 
reach 

High-U-__ +--T"---:;(7 
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Low -++--l~tr7 
ide 

1 Jetty 2 Crane gantry 

3 Overhead traveling grab bucket crane 
4 Barge 5 Hopper on jetty 
6 Feeder 7 Belt to grinding plant 

Fig. 37.14 Unloading barges with overhead 
grab bucket crane - elevation. 

But if barges happen to be of different capacities 

and size, the unloading arrangements would have to 

be designed for the largest barge. 
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If the barge has a self unloading conveyor, it would 

also have to be of high capacity of 450-500 tph 

The clinker unloaded from the barge should go direct 

to clinker storage facility of the grinding unit. 

See Figs. 37.13 to 37.15. 

37.10 Location of Grinding Unit 
It would thus be advantageous to locate the grinding 

unit near the port. If this is not possible, an intermediate 

storage capacity has to be created at port and clinker 

conveyed there from to the plant by truck loads. This 

is double handling at both ends. 

See Figs. 37.16 and 37.17. 

In planning a split location for grinding at port. These 

aspects should be taken into account to minimize capital 

costs and operational costs. 

37.11 Exporting Clinker 
When clinker is exported, the loading arrangements 

would have to be made on a much larger scale as the 

ocean going cargo ships would have a much higher 
holding capacity. Loading time available would be 

limited and detention would attract demurrages. 

Hence the capacity of the ship, its size and draft 

should be known to design the jetty. This jetty would 

have to go far into the sea so that the ship can be 

docked against the jetty at low tides also. 

The lifting arrangements or super structures at jetty 

should be suitable for heights reached by empty ship 

at high tide. 

The reach of the lifting arrangements should be 

suitable to reach bottom of the hold at low tide when 

ship is empty. 

However, in most case ships that can transport bulk 

granular materials like clinker / grain would have their 

own loading facilities. The exporter would have to bring 

clinker up to this point. 

See Figs. 37.18 and 37.19. 

Various possibilities of bulk loading can be seen in 

photos in Chapter 15 of Section 2. 
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Loading rates would have to be high to complete 
loading within the time available. 

earlier, tides and the level difference in high and low 
tides should also be taken into account and the distance 
by which ship will have to stand further from the coast 
at low tide without grounding should also be 
ascertained. 

The exporter would have to obtain all this 
information about ships, their sizes, capacities, loading 
and unloading arrangements that are built in, minimum 
time that would be available for loading. As mentioned 

2 
~~~~==========3 

1 Overland conveyor from port 

2 Throw off carriage 
3 Clinker gantry 

4 Clinker stock pile 

5 Feeders 
6 Belt to cement mill 

Fig. 37.15 Clinker brought in from jetty to clinker storage at works. 

1 Jetty into sea 2 Crane gantry 

3 Barges 4 EOT grab bucket crane 

5,6 Small hopper feeder 7 Belt 

8 Gantry on shore 9 Crane 

10 Clinker stock pile 11 Trucks to grinding unit 

4 

Fig. 37.16 Conveying clinker from port to works by trucks. 
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1 Belt from Jetty 
2 Belt to stock pile on shore 
3 Throw off carriage 

4 Clinker stock pile 

5 Feeders 

6 Belt to loader 
7 Hopper 
8 Feeder 

9 Truck 

Fig. 37.17 Gantry can be replaced by a stock pile and belt conveyor. 
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1 Belt from dock 

3 Tracks for above 

2 Reversible cross belt 

4 Tracks on hold 

5 Moving carriage across hold 

6 Movable flat belt on carriage 

7 Movable diverters on belt 8 Ship's hold 

Fig. 37.18 Loading clinker in ship's hold - plan. 

3 6 - 4 

8 

Fig. 37.19 Loading clinker in ship's hold - elevation. 



CHAPTER 38 

38.1 Export of Cement 
If a plant exports cement to take advantage of its 
location near the port (or because it has to export when 
domestic market is saturated, then it has to provide for 
dispatching cement by ships. Export market can be 
for bagged cement but mostly it would be for loose 
cement. 

Cement can be sent to countries in immediate 
neighborhood in trucks or by rail or along the 
waterways. 

38.2 Export of Bagged Cement 
Bagged cement would be sent in paper bags. Paper 
bags are easy to handle and can be fed automatically 
to the packing machine. Thus if a plant is exporting 
bagged cement regularly it would be worthwhile to 
install mechanized feeders to feed packing machines. 

Feeders are of two types. In the first type, 
pneumatic suction in cups lift one bag at a time and 

.. .. • -5 

U4 1 3 1 }-
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6 I 
I 

EXPORTING CEMENT 

feed it to the spout of the machine. Movements are 
synchronized so that the cycle of device returning to 
the stack and bringing back one empty bag coincides 
with the movement of the spouts of the packing 
machine. 

In another type, bags are received in a roll, and 
removed one by one and fed to the packing machine. 
See Figs. 38.1 and 38.2. 

Filled bags can be loaded into trucks by truck loading 
machines. 

However, for export purpose, it is convenient to 
handle a number of bags together say, 10 or 20 
(y2 t, It). 

This is possible by stacking bags on wooden pallets. 
Pallets are handled by fork lift trucks. 
See Fig. 38.3. 

This way, handling is faster. Loaded pallets can wait 
on a platform and can be loaded into trucks when trucks 
are available. 

r-a- 1 Trolley 
2 Paper bags 

7 
3 Suction cups 4 Grip to hold bag 

I 5 Movement towards and 
+-- from packing machine 
I 6 Bag L ___ ...J 

7 Spout for filling 
I". L-o 8 Packing machine 

Fig. 38.1 Loading paper bags automatically into packing machine. 
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Fig. 38.2 When bags are received in rolls. 

3 

Fig. 38.3 Handling of packed bags on pallets. 

o 

Fig. 38.4 Loading pallets in containers. 

38.2.1 Pallets and Containers 
For export purpose trucks loaded with pallets can reach 
port; pallets would be unloaded by fork lift trucks from 
them and loaded into containers and containers are 
loaded into ships. 
See Fig. 38.4. 

o 
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1 Trolley 
2 Roll of paper bags 
3 Cutter 
4 Holder 
5 Bags turned for correct 

orientation 
6 Bags slipped on spout 

1 Pallet 
2 Filled paper bags 
3 Forklift truck 

1 Loading platform 
2 Forklift truck 
3 Container 
4 Truck carrying container 
5 Pallet with cement bags 

If the export volume is sizeable, containers can be 
brought into the plant itself and bags loaded into them 
with the help of fork lift trucks. 

At port containers are simply lifted from the trailer 
and lowered into ship's hold. 
See Fig. 38.5. 
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Fig. 38.5 

Fig. 38.6 

I 

Fig. 38.7 

Loading containers on ships. 

1 Sealed bale 

2 Cement bags 

Sealed bale of packed paper bags 
1 - 1 Y2 or 2 t capacity. 

I • I 
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I 
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I 
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1 
1 1 
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I 
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1 

1 

2 

Shrink wrapping for palietless despatches. 

1 Truck 
2 Container 
3 Dock crane 
4 Swing boom of crane 

5 Ships hold 

Pallets are a recurring expense and they mayor 
may not be 'returnable'. 

38.2.2 Shrink Wrapping, Jumbo Bags 

I 

I 

I 

In another method, bags are shrink wrapped into a 
plastic sheet and sealed and the bale so formed is lifted 
either by crane or by fork lift trucks. 
See Figs. 38.6 and 38.7. 

Cement can also be sent loose in jumbo bags of IA, 
Y2 and I ton capacities. 
See Fig. 38.8. 

38.3 Export of Loose Cement 
90% of export business though would be in bulk i.e., 
loose cement is sent in ships. 

As in case of clinker, detailed information should be 
available as regards ships, capacity, size and time available 
for loading and interval between arrivals of ships . 
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Fig. 38.8 Jumbo bags %, 1 T capacity to 
ship loose cement. 

2 

Dock/Jetty 

1 Pipe bringing in loose cement 

2 Flexible connection 

3 Hold of ship 4 Dust collector and fan 

Fig. 38.9 Loading loose cement in ships. 

It would be necessary to hold or store cement in a 
silo at the port. The silo capacities should be such that 
it will hold enough cement, so that loading of ship would 
not be interrupted when begun. 
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Loose cement is best conveyed pneumatically into 
ship's holds. The holds would have arrangements to 
vent the displaced air through dust collectors. 
See Fig. 38.9. 

The hold would be covered and precautions taken 
to prevent rain water from going into it. 

38.3.1 Bringing Cement from Plant 
Cement will be brought in bulk from the plant to be 
stored in the silo/s at the port. 

Bulk carriers would bring in cement and these would 
be unloaded in the silo. 

System would be the same as for bringing in fly 
ash described in Figs. 29.10 and 29.11 in 
Chapter 29. 

It would be extracted from the silo, which would 
have one or more outlets (silo would be aerated at 
bottom to facilitate flow of cement) and brought by 
bulk carriers to silo at port. From the silo it would be 
conveyed pneumatically to ship's hold. 
See Fig. 38.10. 

38.3.2 Equipment for Loading 
FK Pumps are quite suitable for this purpose. Other 
pneumatic conveying systems could also be used if 
the conveying distance and capacity is within their 
respective ranges. 

A standby must be provided so that loading 
operation is not interrupted while ship is docked. 

This operation is however, discontinuous -
intermittent by nature - in that this installation works 
when the ship has docked. 

However, it would be good to know when the ship 
is going to dock so that the silo/s can be kept filled in 
anticipation. 

Suppose a plant exports 2,00,000 tons of cement in 
a year. 

Ship has a capacity of 20,000 Tons 

i.e., 10 ships in a year or say one every month. 

To erect a 20,000 tons silo at port would be 
expensive space wise and cost wise. It would be best 
to install a 10,000 tons silos or 2 x 5000 tons silos. 
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3 

2 

" I--+--_L.....J-I Empty position , 
Full position 

7 

Dock/Jetty 

1 Bulk carrier bringing cement from plant 

3 Dust collector 

5 Pneumatic pump 

7 Hold of ship 

Fig. 38.10 Cement silo at docks for loading into ships. 

Thus when a ship is docked and say has to be loaded 
in say 48 hours, loading rate would be 20,000 Tons / 
48 = 416 tph requiring a design capacity of 500 tph. 

10,000 tons silos would be unloaded in 10,000 / 
500 = 20 hours. 

It should therefore receive cement from works also 
at a similar rate of 500 tph. 

If capacity of bulk carriers is 15 tons, then number 
of bulk carriers to be received and unloaded round the 
clock = 500 /15 = 33 Nos per hour. 

The plant must thus have bulk loading facility to 
load bulk carriers at this rate i.e., 500 tph. 
See Fig. 38.11. 

38.4 Development of Scheme 
When export is considered the whole scheme is to be 
integrated from silos and bulk loading facilities at plant 
to the extraction and unloading facilities at port. 

If practicable, silos at port should be emptied after 
loading the ship as they would be required only next 
month. If the arrival of ship is known, silos can be 
filled up but time taken for it can be longer - 4 days or 
even a week 

Assuming 4 days of filling round the clock, loading 
rate at works need be only half that is 250 tph and 
would require only about 17 bulk carriers per hour. 

2 Cement silo at port 

4 Feeder 

6 Pipe line 

From plant at 500 tph 

~1 _ 
Designed stock = 10,000 t 

To ship 

500tph 

C)('---_~.-~ 
1 Cement silos at port 

3 Round trip 

2 Silo at plant 

4 Silos at port 

Fig. 38.11 Fleet of bulk carriers. 

The costs of loading equipment for 500 tph or 250 tph 
would not differ much. Therefore, equipment 
corresponding to loading rates of 500 tph can be 
installed. 

38.4.1 Fleet of Bulk Carriers 
The size of fleet of bulk carriers required for 
transportation of cement to plant would depend on the 
time taken for the round trip. 

If the cement plant is located hinter land and still 
plans to export cement, it is best for 2 or 3 such plants 
or companies to join hands and create a common bulk 
handling facility at port. 



Fig. 38.13 

o 
2 

1 Ship 

Fig. 38.12 

Bulk loading of cement in ships at port. 

From plant2 

2 Docks 3 Railway yard near port 

Cement brought from hinterland 
for export to port city. 

Even then cement would have to be brought to the 
port city from hinterland in rake loads in bulk carriers 
(wagons). 
See Figs. 38.12 and 38.13. 

38.5 Common Facilities for a 
Number of Companies 

Companies joining in this project would have to 
co-ordinate dispatches of their respective rake loads 
so that they can be unloaded in turn into their respective 
silos without bottlenecks. 

From plant 3 
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1 Railway siding at port 

2 Special wagons 

3 Silos at yard for different 
plants/companies 

4 Pipe lines 

5 Ship 

For maintaining identity of exporters cement from 
different sources would be stored in different silos. 

It would be difficult if not impossible to load cement 
from more than one source simultaneously in a ship. 
See Fig. 38.13. 

38.5.1 
Please see plates 15.3 to 15.6 in Chapter 15 of 
Section 2 showing actual bulk loading installations. 

Fig. 38.16 shows the layout of a handling facility 
for bulk cement. 

38.6 Bulk Cement Within Short Distances 
Delhi has had a bulk depot for more than 30 years. 
ACC's bulk depot at Okhla was a pioneering step in 
bulk handling of cement in India. 

The depot received loose cement in closed wagons 
for their plants in rake loads. Cement was unloaded 
by cement un-loaders and pumped into silos by the 
side of the railway lines. From the silos cement was 
filled in Y2 Tons, 1;4 Tons capacity returnable containers. 
Containers were placed on weighing scales for filling 
and lifted into trucks. The trucks conveyed loose 
cement to users' places, unloaded them and returned 
with empty containers. 
See Fig. 38.14. 

38.7 Ready Mix Concrete 
Cement companies have started supplying 'ready mix 
concrete' in metropolitan cities like Mumbai, Delhi, 
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Cement Gr vel 

1 2 3 

6mm Omm 
to to 

12 mm 6mm 

Sand 

4 

/77 

1 Cement silo 
2,3 Gravel silo 

4 Sand silo 
5 Feeders 
6 Dosing valve 

7 Truck mounted concrete mixer 

.... .... 
~ ~ To construction site; 

.... A -:;:r to be added at site 

Fig. 38.15 Spply of ready mix concrete to construction sites. 

2 

1 Hook for lifting 

4 2 Door for filling 

3 Hinged door for discharge 

4 Portable returnable 
containers of 
1/4 T, 1/2 T capacities 

Fig. 38.14 Using bulk cement in cities for small 
construction sites in small returnable 
container. 

Chennai among others. Cement would be transported 
in bulk carriers into the city from the cement plants 
and stored in silos. The plant would bring in and store 
other constituents of ready mix concrete like sand, 
gravel, etc. These would be metered in given 
proportions and loaded into a truck mounted 'ready 
mix' vessel. The mix is kept in agitation by rotating the 
drum slowly. Requisite quantity of water would be 
added at construction site and concrete poured by tilting 
the drum. 
See Fig. 38.15. 

There are about 60 installations of Ready Mix 
Concrete operated by 16 Companies in 15 cities of 
India. Some companies have them in more than one 
city. 

Thus future will see more development in handling 
of bulk cement and layouts would have to be designed 
to incorporate these facilities. 

38.8 Future of Bulk Cement 
Bulk handling facilities in cities and at ports would also 
see considerable development. In India this is one area 
where lot needs to be done yet. 

For several decades till 80s cement was in short 
supply. 

Loose cement was avoided for fear of adulteration. 
Therefore dispatches were almost wholly in bagged 
cement. Now that cement is available in plenty there 
is no such fear. Savings due to using loose cement 
have become significant. 

Therefore future will see more and more of loose 
cement in large consumer centers. 

38.9 
A list of bulk handling facilities and ready mix concrete 
fac1ities in India at ports and in cities is furnished in 
Annexure 1. 
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Annexure 1 

Ready Made Concrete and 
Bulk Cement Installations 

Sr. No. Company No .of installations No. of cities 

ACC 9 6 

2 L&T 13 7 

3 Madras Cement 2 

4 India Cement 1 1 

5 Grasim Industries 6 4 

6 Godrej 2 2 

7 Unitec Prefab 6 4 

8 Priya darshini 2 1 

9 Manjalankal 2 1 

10 Termat Infrastructural 

Engineering 3 3 

12 RMC Readymix 6 6 

13 Fletcher Pioneer 3 2 

14 Termac India 2 2 

15 GL.C onstructions 1 

16 Ashok Buildcon 1 

17 Bharat Construction 1 1 

Annexure 1 cont... 
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City Wise Distribution 

Sr. No. City No.of units 

Mumbai 13 

2 NaviMumbai 3 

3 Delhi 3 

4 Kolkata 

5 Chennai 9 

6 Bangalore 12 

7 Hyderabad 6 

8 Faridabad 

9 Noida 1 

10 Haldia 1 

11 Coimbatore 1 

12 Pune 3 

13 Thane 1 

14 Madurai 1 

15 Gurgaon 2 

16 Trrpur 1 



CHAPTER 39 

39.1 Quality of Indian Coals 
India has large reserves of coal and is very self
sufficient in this respect. On the whole Indian coals, 
except for collieries in Bengal and Behar / Zarkhand, 
have high ash and low calorific values. Ash content 
ranges from 25% to 40% and useful calorific values 
range between 3500 to 4500 kcallkg. Coals of calorific 
values of 4800 / 5000 kcal/kg or above are seldom 
available to cement plants in India. 

Volatiles in coals range between 25-30%. 

Moisture ranges between 8-15%. 

Fixed carbon ranges between 48-50%. 

Except for coals found in Assam, Sulphur is low, 
less than 0.3 %. 

Coals have been classified into A to E categories 
according to calorific value and ash. 

Power plants get worst coals 35-40% ash and 
calorific values 3500-4000 kcal/kg. Next come cement 
plants. 

While ash content is high, coals are not difficult to 
bum because of high volatiles. 

39.2 Problems with Indigenous Coal 
The problems of coals received from collieries are 
mainly their inconsistency and fluctuations in quality 
in terms of ash content and calorific value and 
moisture. 

Supplies of coals are often erratic, marked by 
stoppages and curtailment of production. Many cement 
plants suffer from shortages of coal for long periods 
every now and then. 

Proposals were on board for installing common 
'coal washeries'. However, they did not really take 
off. 
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IMPORT OF COAL 

39.3 Import of Coal 
After liberalization, it has been possible to import coal 
from countries like Australia, South Africa and China. 
Coal is received at ports like Chennai, Visakhapatnam 
and others and plants take it from there according to 
their requirements. Imported coal may be taken in rake 
loads by large plants and in truck loads by small plants. 

Even small cement plants began to use imported 
coal when its cost in rupees per kilocalorie was 
comparable to indigenous coals. 

Many plants used imported coal to blend it with 
locally available coal to bring about stability in quality. 

39.4 Facilities at Port 
At ports stock piles are built up very much like stacker 
reclaimer systems. Coals would get blended while being 
reclaimed for dispatches. 

Such facilities if used on a 'co-operative basis' i.e., 
a number of cement companies joining together to 
import coal, become viable propositions. However as 
these matters are outside the scope of the 'design of 
cement plants' they have not been dealt here. 

Same kind of facilities are required to be created 
to receive and store imported coal as are required for 
indigenous coal. Cement plants may choose to 'blend' 
imported coal with indigenous coal. 

Stock piles of imported and indigenous coals may 
be kept separately. Coal from them could be drawn in 
measured quantities for 'blending' purposes. It would 
need double handling. Therefore plants may also 
choose not to segregate two coals. 

Handling of coal has already been dealt with in 
Chapter 27. 



CHAPTER 40 

40.1 Railway Siding 
Design of railway siding is a specialized job and expert 
advice should be taken to design it. 

There are minimum three lines. 

1. Incoming. 

2. Outgoing. 

3. Engine escape. 
See Fig. 40.1. 

It is also required to carryout shunting and 
positioning operations after the rake has come in and 
the Railways' engine returns. 

A diesel engine / engines, is/are used to shift wagons 
inside the plant break and form rakes again so that idle 
time is minimized. 

Railways give a specific time for loading wagons 
after rake has been delivered. 

The exact position with respect to starting of time 
allotted and its end should be known. 

"h rake length "h rake length 

RAILWAY SIDING 

If this time is exceeded, railways charge 
demurrage. It is quite heavy and hence should be 
avoided as far as possible. 

40.2 Rakes for Loading 
As has been mentioned earlier, a rake would be broken 
into two for loading wagons. 
See Fig. 40.2. 

The lengths of the 3 main tracks should of course 
be long enough (and more) to hold complete rakes. 
See Fig. 40.1. 

Additional lines are required when there are more 
than one loading platforms. 
See Fig. 40.2. 

40.3 Coal, Slag and Other Materials 
When coal and other commodities also come by rail 
then additional tracks should be provided to place 
wagon rake loads for these materials. 

Belt from packing machine 

"h rake length 

I 

~~~r~Pt; .. 
.. " .. --................................. ~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~~~~~~:::::::=:::~~~~:::::::::::::~~-::::::::: ................ . 

I. 
Loaded return .1 

._ Full rake length _. 

Fig. 40.1 Simplified layout of a railway siding. 
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From packing plant 

y1- Rake 10a~1 

1,2 Loading platforms 

Empties incoming 

Engine escape line 

Loaded return 

Fig. 40.2 Railway siding for wagon loading on more than one loading platform. 

Loading platform I 

L 

a - Center distance between tracks 
I - Half rake load lengths 

Coal,slag 
storage 

Wagon tippler 
Slag 
storage 

c[:J Separate wagon tippler for slag - dependent on volume to be handled 

L - Overall length of siding ::: 680-700 meters for broad gauge 

Fig. 40.3 Railway siding for loading and unloading coal and 
slag - by wagon tipplers for large cement plants. 

Typical Railway sidings have been shown for 
dispatches of cement and receipt of coal. 
See Fig. 40.3. 

Since railway siding is capital intensive, the lengths 
of tracks and their number should be kept as short and 
few as possible but not so short or few as would 
become bottlenecks. 

It should also be possible to add number of tracks 
when the plant expands. 

40.4 Design of Railway Siding 
Spacing between the tracks should be as per norms 
laid down by the Railways. The siding should be 
straight and level. If a gradient cannot be avoided, then 
it should be minimum again as per Railways' norms so 
that wagons do not start rolling on their own. 



Railway Siding 383 

C 
Gauge A B C Wt 

t E mm :. Kg/m 
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Fig. 40.4 Dimensions of rails for railway tracks of different gauges. 
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e - Min. head room above rail without electric traction 
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Fig. 40.5 Converson of metre gauge to broad gauge. 

Allowance for expansion would require more 
loading platforms. 

Belts would be crossing railway lines. Norms laid 
down by Railways should be followed as regards 
overhead clearances for supporting structures of belts. 
Minimum clearances on sides should also be 
maintained. 
See Fig. 34.16 in Chapter 34. 

40.5 Data on Railway 
Wagons and Tracks 

Annexure 1 furnishes broad guidelines for railway 
tracks and wagons. It "also furnishes dimensional data 
and capacities for more commonly used wagons. Broad 
dimensions of rails are furnished in Fig. 40.4. 

Details of center distance between tracks, 
minimum overhead clearance, and from columns and 
sides have been furnished in Fig. 40.5. 
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40.6 Conversion of Gauge 
A situation often faced by cement plants in this country 
was the conversion of meter gauge railway lines into 
broad gauge. Many a plant has had to cope with this 
contingency. 

Conversion from meter gauge to broad gauge 
involved among other things: 

1. Broadening of tracks (sleepers and rails); 
minimum distance between tracks and lengths 
of lines to handle rake loads of broad gauge 
wagons. 

2. Heights and widths ofloading platforms and their 
lengths to suit broad gauge wagons. 

3. Re-alignment of belts with respect to their 
heights and lengths. 

4. Wagon loading machines to suit broad gauge 
wagons. 

If the plant does not have a railway line to start 
with, it has to provide for truck loading facilities initially. 
However, if the railways have plans for providing rail 
links, for commercial traffic in that area, then the plant 
should take note of such plans and provide for a railway 
siding in the layout. It would be difficult to acquire 
land at a later date. 

40.7 Assistance from Railways 
Divisional offices of Railways can furnish information 
on their plans for new lines and projected dates of 
undertaking the rail link, and the completion thereof. 

Indian Railways are engaged in converting metre 

gauge into broad gauge all over the country. Therefore 
it is unlikely that new rail links would be metre gauge. 

The problem is for the plants who have a meter 

gauge and are required to convert it into broad gauge. 
Broad differences between broad gauge closed 
wagons commonly used to dispatch cement have been 
furnished in Fig. 40.5. 

Thus, for the same capacity of plant, the size of 

railways siding even for same number of tracks would 
be considerably longer for a broad gauge line. 

The conversion has to be undertaken without 
disrupting traffic on existing meter gauge line. 

The 'siding' outside the plant between Railways', 
take off point on the main line and the plant also has to 
be changed. 

40.7.1 Railways Expertise 
Railways have expertise to design and even install the 
siding. They may take a contract to do the changes or 
install a new siding including broadening of culverts, 
bridges, etc. 

It is best to entrust this task to the experts that is 
Railways themselves - of course at a price. 
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Annexure 1 

GUIDE LINES ABOUT RAILWAY WAGONS AND TRACKS 

1 Railway standard gauges 

Broad gauge 5' 6" 

Metre gauge 1 metre 

Narrow gauge 2' 6" 

Metre gauge is being phased out except in hilly areas 

2 Commonly used railway wagons 

4 wheelers - open and closed 

8 wheelers - open and closed 

special sink type 

special for container 

special for bulk dispatch of cement 

3 Data on wagons 

Type of Length Carrying width 

wagon between length 
buffers 

Broad gauge 

height tare 

metres metres metres metres tons 

BCN 15.43 14.5 25.51 
covered 

BCXN 15.78 14.85 28.5 
covered 

CRT 8.82 7.89 13.1 
Covered 

BoxN 10.7 9.78 3.2 3.22 22.47 
Open 

BoxT 14.1 13.15 26.3 
open 

BoxC 13.73 12.8 3.14 3.16 25.1 
open 

Pay Gross No.of Rake 
load load wagons load 

Per rake 

tons tons number tons 

57.7 81.3 40 2250 

52.8 81.3 35 1850 

27.5 40.6 65 1800 

58.8 81.3 58 3350 

55 81.3 40 2200 

56.2 81.3 40 2250 
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4 rake lengths - broad gauge 

Rake 

nonnal 

Jumbo 

5 

6 

7 

8 

a Nonnal rake with single engine 40 wagons (BCN,BoxT,Box C) 

b Jumbo rake with double engine 58 wagons ( Box N) 

Rake length in metres 

wagon nos. length buffer to buffer engine guard 

BCN 40 631 20 6 

BOXN 58 622 40 6 

Railway line requirements and minimum lengths 

A incoming line 680 metres 

B inspection line 680 metres 

C dispatch line 680 metres 

D engine escape line 600 metres 

Speeds 

Mainline 100-140 kmph 

Mainline 60-100kmph 

Inside plant 30 kmph max. 

Radius of curves 

Mainline 250 metres 

Mainline 220 metres 

Inside plant 200 metres 

Gradient in yards 

Broad gauge 1 in 400 max. 

Metre gauge 1 in 400 max. 

extra van total length 

10 667 

10 678 



CHAPTER 41 

41.1 Venting 
Every cement plant has to cope with process gases 
like kiln and cooler exhausts, and system gases like 
those in grinding systems. 

But there are also substantial volumes of gases to 
be handled and cleaned of dust known as 'vent gases' . 

'Vent gases' arise when materials are conveyed 
from one point to another and displace air in doing so; 
like when conveyor for crushed limestone discharges 
it in a bin or a hopper or even on to another conveyor. 
An equivalent amount of air is displaced. When 
pulverized raw meal, coal and cement are conveyed 
pneumatically, conveying air needs to be 'vented' when 
the material is discharged into bins. 

Venting does not mean only provision of outlet for 
such airs but also providing facility for cleaning the 
dust carried away with them, collecting it and returning 
it to the system. 

Venting is thus a must for all material conveying 
systems and equipments. Some equipment like rotors 
of crushers , buckets of elevators act like fans and 
displace air when in motion. Venting is thus necessary 
in all departments of a cement plant. 

41.2 Vent volumes 
Amounts of 'vent volumes' and their dust content vary 
in each case like: 

1. when bins are filled, 

2. when materials are conveyed pneumatically, 

3. for different types of equipment and their sizes. 

It is necessary to provide venting points at suitable 
locations to collect displaced air and take it to a dust 
collector. 
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VENTING 

When a conveyor empties into a bin, air is displaced 
and is required to be vented. Vent volume is dependent 
on the rate of filling, which in tum is related to volume 
the material occupies (bulk density). Corresponding 
volume of air is displaced. 
See Fig. 41.1. 

Fig. 41.1 

4 

I~V/~ 

1 Belt 
4 Dust collector 

Displaced air 

2 Silo 
5 Fan 

Why is venting necessary. 

5 

3 Feed 

However, it is difficult to be precise in such matters 
and a 'multiplying factor' is used for designing vent 
systems. 

Alternatively, vent volume is related to the volume 
of the bin. 

Multiplying factor is maximum for small rates of 
discharge and minimum for large rates. 

41.3 Dust burden in vent gases 
The dust content, measured in gmlm3 (or nm3) varies 
from case to case being typical of type equipment and 
the granulometry of material carried. Finer the material, 
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greater would be dust burden in air to be vented. The 
particle size distribution also varies from case to case. 

41.4 Process Gases 
Gases passing through mills could be treated as 
'process' gases because they are used for drying as in 
raw mills and coal mills and for cooling in cement mills. 

Air swept mills use air / gas to carry half finished 
product out of the mill. 

Even if mills do not do drying / cooling or air lifting 
like in air swept mills, venting is necessary to keep 
slots of diaphragms clean and to lift very fine dusts 
out of the mill. 

Rotors of hammer and impact crushers act like fans 
and displace volume of air at every revolution. 

Kiln process gases are exhausted, vented through 
kiln dust collector in direct operation. 

Cooler process gases which are surplus of cooling 
air over combustion air are exhausted / vented through 
dust collectors. 

41.5 Vent Air 
Technically vent air may be that which arises because 
of displacement. Others may be treated as 'process 
gases' . 

Except for cooler vent, vent air temperatures would 
generally be at ambient or at temperatures of 60-70 dc. 
In case of cement mills they could go up to 110°C. 
They can therefore be treated in bag filters. 

41.6 Design of a Venting System 
To design a venting system, it is necessary to know: 

1. Flow chart of the system. 

2. Sizes and capacities of major machinery and 
auxiliaries. 

3. Vent volumes recommended by suppliers for 
their respective machinery. 

4. Dust burden in gases to be treated. 

5. Temperature of gases. 

6. Moisture content. 

7. Sieve analysis of dust. 

It is better to obtain this information directly from 
the respective Suppliers. 

In absence of such data forthcoming from suppliers, 
vent volumes and dust burdens can be estimated from 

size and type of machinery from reference tables and 
charts - available in reference books like Otto Labahn, 
Duda and others. Please see rs 111 and 112 in 
Reference Section. 
See also Annexures 1 and 2. 

The system flow chart will, together with 
departmental drawings, help in selecting: 

(i) Location of vent points. 

(ii) Clubbing or grouping of a number of vent points 
to be taken to the dust collector/so 

41.6.1 Separate Dust Collector for 
Venting 

It is advisable to use separate bag filters for venting 
auxiliaries. Process gases and main machinery should 
be treated separately in the main dust collector. 
See Fig. 41.2. 

Vent points are best located near feed and discharge 
points of the machinery when material is transferred 
from one machine to another. 
See Figs. 41.8, 41.9 and 41.10. 

In circuit shown in Fig. 41.2 hot gases are taken 
to mill for drying. These could be treated as process 
gases. Volume wise they would be substantial as 
compared to other vent volumes. 

This system thus could have: 

Bag filter 1 - for venting feed belt and 
hoppers - VI 

Bag filter 3 - for venting mill and separator-
V6, V7 and Vs 

Bag filter 2 - for venting other auxiliaries -
V2, V3, V4, Vs 

Bag filters 1, 2 and 3 would be sized to suit respective 
vent volumes. They would be located close to the points 
to be vented to reduce lengths of ductings. 

Since a Bag filter would have only one inlet and 
outlet, ducts carrying volumes V2 to V5, will be joined 
and led to bag filter. 
See Fig. 41.3. 

41.6.2 Venting through Separator Dust 
Collector 

In closed circuit mills with conventional separators, 
auxiliaries will be vented through a separate bag filter 
(BF2 in Fig.41.2). In mills with high efficiency 
separators, vent volumes of auxiliaries and mill are 



Fig. 41.2 Venting systems in grinding circuit. 

BF2 

Volumes to be vented m
3
/min 

V Capacity of bag filter BF2 m3 
/ min 
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1 Belt bringing in raw material 
2 Hoppers 
3 Feeders 
4 Mill 
5Air slide 
6 Elevator 

7 High efficiency separator 

8 Coarse return 
9 Screw 

10 Air lift 

BF1 Bag filter & fan for mill hoppers 

BF2 Bag filter & fan for auxiliaries 

BF3 Bag filter & fan for product 

V1 to V8 Venting points in system 

Vent volumes of 

v2 Feeders 

v3 Coarse return 

v4 Air slide 

v5 Elevator 

Ducting Dia. in mm 
ae 500 
be 850 
cf 920 
dg 850 
ef 970 
fg 1300 
gh 1520 

1800 
V = v2 + v3 + v4 + v5 + margin for leakage + margin for design 

ij 

Fig. 41.3 Sizing bag filter for venting. 

taken to separator as primary and secondary airs. They 
emerge out of the separators as V8 to enter bag filter. 
See Fig. 41.2. 

41.6.3 Velocities in Ducts 
Velocities VI, V2, V3, etc., or for that matter for all 
ducts carrying dusty vent air would have to be 
maintained between 18-20 mlsec. 

If dust is coarse and dust concentration high, 
velocity may have to be as much 20-22 mlsec. 

Ducts will be sized accordingly. 
See Fig. 41.4. 

41.6.4 Pressure Drop in System 
Location of the bag filter in the layout fixes lengths 
of ductings, number of bends, and their angles. This in 
turn determines the pressure drop in the respective 
ductings. 
See Figs. 41.2 and 41.5. 
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V6 V7 

V3 v6 = 20 v7 = 16 

V2 

d6 r-------, d7 

~--~-----r--~ ~--~ 

V1 
v1 =20 

d1 

Diameter is calculated as follows 

Vlv = area = 7tl4 x i 
d = J 1.274 V/v 

Fig. 41.4 Duct sizing according to volumes and velocities. 

B 
C -250 mm 

3 
-200mm llP 

IIp 

80mm 
llP 

+50mm 
4 100mm 

V7 
5 

V4 

-120 mm 

r-''--o......., -100 mm 
D 

V1 to V7 Volumes in m
3
/sec 

v1 to v7 Velocities in m/sec 
d1 to d7 In respective duct sections 

1,2 Vent collection points 
3 Bag filter 

4,5,6 Dampers 

D 

Fig. 41.5 Layout of vent ductings (dampers are used to balance pressure drops). 

Length of duct AB 

No. of bends 
= 25 mts. 

= 1-90° 

Radius of bend = 1 mt. 
Temperature = 90°C 

Dust concentration 200 gmlm3 

Volume in V 7 = 500 m3/min. 

= 8.03 mlsec. 

Velocity 

Therefore Duct size 
= 18 mlsec. 

= 770mm 

It would be necessary to calculate pressure drop in 
ducting from A to B. 

Vel. pressure = vel. head x density; and 

Vel. head = (v2/2g) 

Density of air at 90°C and conveying 200 gm I m3 

of dust would have to be worked out. 

V4 = 1000 m3/min. at 90°C 

dust concentration - 400 gmlm3 
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Table 41.1 

{Fig. 41.3) 

Sr.No. Length Volume Velocity Dia. 
of duct m3/min M/sec mm 

1 ae V2 200 18 500 

2 be V3 600 18 850 
3 cf V4 800 20 920 

4 dg V5 600 18 850 

5 ef V2+V3 800 18 970 

6 fg V2 to V4 1600 20 1300 
7 gh V2 to V5 2200 20 1520 

8 ij V2 to V5 + leakage 2400 16 1800 

Length of duct BD = 15 mtrs. 

Number of bends = 1-1200 

Velocity in duct B = 20 m/sec. 

Size of duct = 1050 mm. 

Pressure drop in this leg would have to be worked 
out since draught at B is common. 

Say draught at A 

Pressure drop in duct AB 

draught B 

Thus if draught at D 

= -120mm 

= 80mm 

= -200mm 

= -100mm, 

pressure drop in duct DB should be 

200 - 100 = 100 mm 

To draw desired volumes through the two legs of 
the circuit, this condition should be satisfied. 

For balancing purposes, resistances are introduced 
in the circuit through dampers in both legs. 

This method has to be followed for bag filter BF2 
in Fig. 41.3 also which draws vent volumes V2, V3, 
V5 etc., the ducting would be arranged as shown. See 
Fig. 41.3. 

Duct sizes would be as shown in Table 41.1. 

Pressure drop would be calculated in each length 
by taking into account length and number of bends, 
their angle and velocity pressure as explained above. 

41.7 Fan in Venting System 
The fan of bag filter would be designed for pressure 
drop in bag filter plus maximum pressure drop in ducting 
plus margin. Most bag filters would have an operating 
pressure drop of 150 mm; design pressure drop may 
be taken as 200 mm. 

For ducts handling clean air velocities can be low 
of about 15-16 m/sec. This will keep pressure drops 
low. 

41.8 Design of Hoods 
An important design aspect in venting systems is design 
of 'hoods' or intake facilities provided to collect vent 
gases to lead them to the bag filter. 

The vent duct itself is very small because the velocity 
in it is 18-22 m/sec but the area from which vent gases 
are to be collected is large. The intake or hood should 
cover the cross sectional area of a discharge chute, so 
as to collect dust evenly from across the width. 
See Fig. 41.6. 

For example, for a belt conveyor of 1000 mm width, 
discharge hood would be say 1200 mm wide. The in 
take should be designed to cover the width of the belt. 
Assuming vent volume to be 3000 m3/hr/m belt width, 
the vent volume is 3000 m3/hr or 0.833m3/sec. 

If velocity in duct = 18 m/sec, 

size of vent duct would be 250 mm dia. 

If velocity at in take is to be is say 6 m/sec, 

cross section at intake would be 0.139 m2 
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For 1m width (width of belt), breadth of intake 
would be 140 mm. 

The intake should be tapered gradually to reduce 
pressure loss while increasing its velocity from 6rn1 
sec to 18 /sec. 
See Figs. 41.6 and 41.7. 

41.9 Vent Collection Points 
The vent collection points are generally at feed / 
discharge points of conveyors. 

They are combined in that discharge point of one is 
feed point of another. 

Point A should serve as vent point for belt 1 
(discharge end) and belt 2 for feed end. 
See Fig. 41.8. 

For pneumatic conveyors like air slides, where air 
is continuously admitted in air chamber throughout its 

2 

length, it is good to provide vent collection at 
intermediate points in the length of the conveyor in 
case of long air slides. 
See Fig. 41.9. 

In designing vents of air slides, air admitted for 
fluidizing is also to be added to the air displaced by 
feed. 

When elevators are tall say more than 20 metres, it 
is desirable to provide vent points at hood and at boot 
both. 

41.10 Multiplying Factors for Venting 
Pneumatic Conveying Systems 

When raw meal/coal/cement are conveyed 
pneumatically to bins, by either FK pumps / fluxo / 
dense phase system, the air to be vented is not only 
the air used to convey the material. The quantity of 

1 Belt conveyor 

2 Discharge chute 

3 Intake hood 

a = Area at inlet of hood 

d = Dia of duct going to dust collector 

Fig. 41.6 Intake hoods to collect vent volumes. 

n H 
Vel. at intake = 4 to 6 m/sec 

Vel. in duct = 20 to 22 m/sec 

I. axb .1 I .. axb .1 
X V 

Wrong Right 

Fig. 41.7 Avoid excessive pressure drop at intake points of hoods. 
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Feed 

- -
V1 + V2 = a1 + a2 + air displaced due to feed Discharge 

Fig. 41.9 Venting airslides - (intermediate vent point if airslides are too long). 

Fig. 41.8 

-
Hood designed to collect vent gases 
from both belts. 

this air is usually expressed in 'Free air delivered' i.e., 
at 20°C and sea level; whereas when introduced to 
conveying system, it would be at pressures varying 
between 7 kg/cm2 for 'fluxo' pumps to 1- 1.5 kg/cm2 

for air lifts for example. It would be also at high 
temperatures. 

During conveying, the air would tend to expand as 
pressure is reduced to near atmosphere pressure at 
discharge points. Therefore, an allowance or 
multiplying factor is used to convert FAD into actual 
volume at discharge end. 

Instead of working this out from first principles it is 
customary to use multiplying factors ranging between 
1.5 to 2 to FAD depending on distance over which 
material is conveyed. 

While venting silos and bins the conveying air 
mentioned above plus aeration air introduced in the 
silo for blending I and or aeration should also be 
included. 

Assume a blending silo 10m dia - area 78.5 m2 

Blending air at 1.5m3/minlm2 = 7065 m3lhr. 

Conveying air to bring raw meal = 3000 m3Jhr. 

Use a mUltiplying factor of 1.5 for conveying air, 

Therefore, 

total air to be vented from silo = 1.5 x 3000 + 7065 
= 11565 m3Jhr + air 

for distribution air 
slides 

See Figs. 41.10 and 41.11. 

41.11 Expansion Chambers 
Expansion chambers are provided at end of conveying 
pipe lines, which separate raw feed I coal I cement I 
conveyed from conveying air. There are many designs 
of expansion chamber. 
See Figs. 41.10 and 41.12. 

41.12 
Dust collector and fan would be installed on silo. Many 
a time dust collector is mounted flush on the silo to 
eliminate screw conveyor and rotary air lock. 
See Fig. 41.11. 
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From air 
lift 

".---- To bag filter on silo ---
Vent air 

Silo 

Fig. 41.10 Venting of air lift pump at 
discharge point. 

41.13 
It is comparatively simple to design hoods or in take 
pipes for bins, conveyors etc. It is more difficult when 
the equipment is large like feeders, crushers, crusher 
hoppers, etc. 

41.14 
Vent volumes would normally form a small proportion 
of total gases, (process and system gases plus vent 
gases). Therefore, often there is temptation to use a 
common bag filter for system gases and vent gases. 
However, as explained earlier vent system is to be 

9 

1 Continuous blending silo 2 Pipe from air lift 
3 Expansion chamber 4 Spider air slides 
5 Aeration air slides inside silo 6 Blowers for aeration 
7 Bag filter for venting, air lift, silo, and spider air slides 
8 Fan for filter 9 Air lift 

Fig. 41.11 Venting of continuous blending 
silo and air lift. 

designed and balanced to collect vent gases from a 
number of points corresponding to different types of 
machines. A common dust collector often neglects vent 
gases. It is therefore better to install small dedicated 
dust collectors for auxiliaries. 

A venting system has to be properly designed to 
be effective. 



F 

G 

Fig. 41.12 

Sufficient preliminary dedusting of the conveying air, 

dedusting rate approx. 85 to 90% 
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Not always sufficient preliminary dedusting of the conveying air, 
dedusting rate approx. 75 to 80. 
Suitable for high-abrasive conveying material 

Efficient prelimanary dedusting cyclone 
dedusting rate approx. 95 to 98 
Pressure loss of 6 to 8 mbar must be taken into account 

Direct feeding into the silo by a baffle head 

cross section F2 = 2 x F1 at least short chute. 

1. Direct feeding into the silo. 

2. Vertically into the silo, baffle plate should be installed 2nd from 
the silo ceiling 

Direct blowing-in into the preheater; V 20 m/sec to minimize pulsation 

Air slide with higher upper box 
only appicable if material is fed 
directly into a vented silo 

Various arrangements to separate material from conveying air. 
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Annexure 1 

ESTIMATION OF VENT AIR VOLUMES 

1.0 
Estimation of vent air volume is the first step in engineering a venting and dust collection system. The air volume to 
be vented from any machinery hood or transfer point depends on many factors such as the physical nature of the 
material handled, air currents and surges created by the movement of machinery parts and materials, the type of 
enclosures provided. Therefore, certain accepted standards which give rule-of-thumb methods have to be followed. 
The following recommendations have been extracted from: 

1. Industrial Ventilation -

Published by American Conference of Government 

Industrial Hygienists, U.S.A. and could be used as a guideline in estimation of air volumes. 

It may be noted here, for guidance, that when the venting volume is expressed in cubic meters, this refers to 
actual operating conditions at site under consideration. However, if the volume is expressed in nm3, then this 
volume is to be corrected for actual operating temperature and altitude above mean sea level. 

1. Closed top bins 

Volume = K x volume of entering material. 

The value of K ranges from 1 (for large bins, Low feed rates, coarse feed) to 50 (small bins, High feed 
rate, fine material). 

The minimum rate is 3600 m3/hr1 m2 of bin opening. 

2. Bucket elevators 

1800 m31 hr I m2 of elevator casing section. 

For elevators over 10m height, connect exhaust to both top and bottom 

3. Belt Conveyors 

1950 m3/hr/meter belt width for belt speeds under 1 mlsec, 

2800 m3/hr/metre belt width for belt seeds over 1 mlsec. 

Additional volume for greater than 1 meter fall and dusty material: 

1200 m3/hr for belt width 300 mm to 1000 mm, 

1700 m3/hr for belt width above 1000mm. 

4. Flat Deck Screen 

3600 m3/hr/m2 through hood openings, but minimum 900 m3 /hr/m2 of enclosure opening. 

5. Cylindrical Screen 

1800 m3lhrl m2 circular cross section of screen, but minimum 7200 m3/hr/m2 of enclosure opening. 

6. Airveyor and Pneumatic Screw Pump Systems 

Multiply free air volume of the system as follows :-

For conveying distances upto 150 m 1.5 times. 

For conveying distances over 150 m 1.75 times. 

7. Pneumatic Gravity Conveyors and Blending Systems 1.0 times free air volume of the system. 
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8. Screw Conveyors 

If dust tight, ventilate feed point only. Use 1100 m3 /hr per meter of nominal conveyor diameter corrected 
for height of fall of feed. 

9. Crushers 

At feed end: Minimum of 2700 m3/hr/m2 of feed hood opening. 

At discharge: Measure air current surges and allow 50% excess. 

10. Hammer crushers I Impactors 

These act as fans. Restrict ingress of air at feed point. 

Measure air quantity at discharge and add 50%. (Crusher Manufacturers recommendations to be 
called for). 

11. Grinding mills 

Use the larger of the following: 

A. 0.5 m/sec to 0.6 m/sec through the cross section area of the mill. 

B. 1m/sec through each aperture. 

C. 8.5 m3/hrIh.p. of Raw Mill motor rating. 

D. 13 m3/hrIh.p. of Cement Mill motor rating. 

(N.B. These figures are for operating temperatures of the mills) 

12. Mechanical Air separators 

Where cooling or drying is carried out in Separator, use outlet volumes from detailed calculations. 
Maximum air volumes at 88 0 C are indicated below for Air Separators: 

Separator Size. *Volume at Sea Level. 

diameter in m m3lhr 

4.267 31,300 

4.877 44,000 

5.486 59,500 

6.096 74,000 

6.706 83,300 

7.315 92,700 

For any other temperature or altitude correct the volume suitably. 

13. Grate openings 

A. (Floor or bench dumping - not enclosed) 

2700 to 3600 m3/hr/m2 of grate area. 

B (Enclosed three sides and top) 

2700 m3/hr/m2 of net face area. 

14. 60 tIhr Rotary Packer 

(i) Packer Guard .. 100 m3/min 

(ii) Top of Packer 

(iii) Control Screen 

15 m3/min 

20 m3/min 
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Annexure 2 

VENTING 

DUST BURDENS IN VENT AIRS IN VARIOUS SYSTEMS 

Sl.No Location of Dust Burden 

Dust Collector gm/m3 

Max. Min. Remarks 

A Crushing Plant 

1. Primary & Secondary Crushers. 45 25 Fine Limestone dust 

B. Raw Mill Department 

2. Cyclone Dust Collector after 280 150 -do-

the Air Separator. 

3. Bag type Dust Collector for 30 20 -do-

auxiliaries. 

C. Blending and Storage Silos 

4. Flush bottom Dust Collector 60 35 -do-

Blending Silos 

D Kiln Feed, Kiln, Preheater 

and Cooler 

5. Hopper bottom Bag-type Dust 60 35 -do-

Collector for Kiln Feed Section 

6. Electrostatic Precipitator or When Preheater 

Bag type Dust Collector for 70 45 gases are taken 

Preheater exhaust gases directly to ESP via 

conditioning Tower 

7. -do- 150 90 Fine limestone 

powder, when the 

preheater gases are 

used for drying 

raw Material in 

raw Mill circuit. 

8. Bag or ESP Dust Collector for 15 10 coarse clinker dust. 

Grate Cooler vent gases. 
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E. Coal Mill Department 

9. Cyclone Dust Collector in hot 

air duct between Grate Cooler 15 10 coarse clinker dust. 

and Coal Mill inlet. 

10. Bag filter or ESP for 50 30 Fine Coal Dust. 

venting Coal Mill circuit with 

cyclon before dust collector 

11. Bag filter or ESP without cyclone 500 250 Fine coal dust 

F. Cement Mill Department 

12. Electrostatic Precipitator or 

Bag-type Dust Collector for open 250 150 Fine Cement Dust. 

circuit mill. 

13. Electrostatic Precipitator or 

Bag-type Dust Collector for 400 200 Fine Cement dust. 

closed circuit mill. 

G Cement Storage and Packing Plant 

14. Flush bottom Bag-type Dust 

Collector above Cement Storage 60 35 Fine Cement dust 

Silos 

15. Hopper bottom Bag-type Dust 

Collector for Packing Machine 30 20 Fine Cement dust. 

and auxiliaries. 



CHAPTER 42 

42.1 Chutes 
Chutes are connecting pieces that carry solids as 
against ducts which carry gases. 

Chutes are used to convey materials - crushed, 
granular, or pulverized - so that they convey desired 
quantity without spillage. Chutes are comparatively 
short in length. Commonest examples are: 

1. From apron feeder to crusher. 

2. From feeders to mill inlets. 

3. From Mill discharge to conveyors. 

4. From Belt conveyors / screw conveyors / chain 
conveyors to other similar equipment or hoppers and 
bins. 

Where as ducts would normally be round, chutes 
are normally found to be rectangular / square. 

There are also many instances of round chutes. 
Inlet chutes to ball mills would be round to fit the 
circular inlets ofthe mills. 

In Preheater, raw meal is conveyed from one stage 
to the stage below by a round pipe. Technically this is 
also a chute. Similarly, clinker dust collected in dust 
chamber before the tertiary air duct is conveyed to 
cooler in round chutes. 

Chutes from air separators in closed circuit grinding 
systems conveying coarse and fine fractions are also 
round. 

It can therefore be said that chutes are square, 
rectangular or round according to the shape of opening 
of the hopper, bin, cyclone from which they originate. 

42.2 Sizing of Chutes 

As chutes convey materials they should be: 
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CHUTES 

1. sized to suit tonnage to be delivered. 

2. installed at an angle greater than the angle of 

repose of material so that smooth flow is ensured. 

But the angle should not be too steep as 

otherwise the velocity at discharge would be 

too high. 

3. dimensioned so as to prevent arching, if material 

contains moisture. 

4. facilitating venting of air that is displaced. 

42.3 Design of Chutes 
Design of chutes is governed by properties of material 

being conveyed like its: 

42.3.1 Grain size 
Chutes should be so sized that largest pieces do not 
form a bridge and hinder flow. If material is wet, 
'arching' can take place at outlets of hoppers and at 
exit of chutes. 

42.3.2 Moisture 
Wet material does not flow easily. Hence chutes 

conveying it should have much steeper slopes not only 

on surfaces but also in valleys. Valley angles should 

be grater than angle of repose. 

42.3.3 Abrasiveness 
Abrasiveness causes wear. Therefore chute should 
have wearing surfaces when carrying abrasive 
materials 

42.3.4 Flow Characteristics 
Some materials are naturally sticky. Others like clay, 
gypsum become sticky when wet. In case of sticky 



materials slopes should be steep as in case of wet 
materials but carrying surfaces should be smooth. 

42.3.5 
Chutes should also take into account size and dimensions 
of inlets and outlets provided on connecting machines. 

Chutes are used at transfer points to change 
direction of flow, wholly or partially like between belts, 
between elevator and belt and screw conveyor. 

Fig. 42.1 Belt to bin/hopper. 

... 
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In majority of application of chutes connecting 
conveying machinery, chutes would have wider inlets 
like small hoppers. Outlets would be dimensioned to 
suit the dimensions of the receiving machine. 

Chutes can be combined to form discharge hoods. 

Slopes of tapering section of the chute should not 

be less than the angle of repose of the material. 

See Figs. 42.1 to 42.4. 

<1= 45-50° 

1: 45°- 50° 

This arrangement is preferred 

Fig. 42.2 Bel t to belt same direction. 
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Fig. 42.3 

Fig. 42.4 

Belt to belt with change of direction. 

__ 1 _ 

1 Belt 

3 Hood cum chute 

w = Width of belt 

2 Head pulley 

4 Scraper 

w 

w1 

w1 = Width of pulley = w + 50 

w2 = Width of hood cum chute = w1 + 50 

a = Width of chute to suit rate of flow of material 

e 1- 50° - to suit trajectory of falling material 

chute for belt conveyor discharge 
scraped dust falls in chute 

Chute cum hood at discharge of belt conveyor. 

... 

42.4 'V' Pieces 
Chute can be used to divert the route of the material 
intermittently. 

indicate approximate division ratio of between two 
routes. The dividing damper can be locked in any desired 
position. Division will not be very accurate. 

This is done by introducing a 'Y' piece in the chute. 
A 'Y' piece also helps to divide the flow between two 
routes when the hinged Plate is kept in an intennediate 
position. A scale can be fixed suitably on the face to 

See Fig. 42.5. 

If the flow is to be divided equally then a 'Y' piece 
with partitions could be installed. 
See Fig. 42.6. 



I~ 

Scale 

/t\ 
I 

I e -t 50° 

A B 

Chute 

1 Ypiece 2 Dividing damper 

Flow directed from I to either A or B or 
divided between both 

Area at inlet I = area at outlet A & Beach. 

Fig. 42.5 Dividing "Y" piece. 

42.5 Chutes on Conveying System 
Chutes used in conveying systems are to be designed 
to suit characteristics of flow imparted to the material 
by the conveyor. 

For example, material is thrown off a belt at 
discharge point in a trajectory; so is the case at the 
discharge chute of centrifugal elevators. 

Chutes should be designed so that material smoothly 
flows in the chute. They should be angled according 
to trajectory of flow. 
See Fig. 42.7. 

In a wrong design, material will hit the opposite 
plate and wear it out. 

42.6 Wear in Chutes 
Flow of material on the surface of the chute causes 
wear. Some materials like clinker, slag are naturally 
abrasive and hence wear is heavy. 

The wearing surface of a chute should be identified. 
That face would be either made of a thicker plate or it 
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d 

B 

I 

I ~ 

~ I 
I ~ 

~ I 
I 

Chute 

Incoming flow divided equally to outlets A & B 

Fig. 42.6 Dividing "Y" piece for equal divisions. 

would have replaceable liners. Replaceable lines are 
good in concept but difficult to maintain in practice. 
Hence a thicker bottom or wear plate is a better option. 
See Figs. 42.S and 42.9. 

If the impact of material hits the opposite surface 
of chute that surface should also have a thicker plate. 
See Fig. 42.7 b. 

When abrasive materials are conveyed in chutes, 
a simple way to protect it from wear is to weld small 
angles on carrying surface, so that falling material slides 
over the accumulated material, rather than the steel 
plate. 

This is also true of hoppers where rings of angles 
are welded on the inner surface to protect the steel of 
hopper. 
See Fig. 42.10. 

42.7 Angles of Chutes 
In layout, chutes connecting hopper or bin and a 
machine or connecting two machines, should be 
straight and direct between connecting points. Bends 
and comers promote hold up of material and dust. 
See Figs. 42.11 and 42.12. 
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Fig. 42.7 

Trajectory of 
falling material 

a) Flow hits back plate of chute; 
it would need thick back plate 

Thicker plate 

b) Flow hits front plate of chute; 
it would need thick front plate 

c) Correct design 

Trajectory of 
falling material 

Chutes of belt conveyor should be 
angled according to trajectory of flow. 

If bends cannot be avoided, they should be at least 
in one plane only as real angle is very much reduced 
hampering flow. Ends should be vertical. 
See Fig 42.13. 

42.8 Basic Guidelines 
Basic principles in sizing and layout of chutes are 
illustrated in Figs. 42.11 to 42.16 for machines like a 
ball mill, a belt conveyor, a screw conveyor and an 
elevator. 

Fig 42.8 

Fig. 42.9 

Thick plate 

Bottom plate thicker than other 
sides for wear. 

~ Liner of wear resistant material 

Replaceable liner for taking wear. 

Angle welded on all sides of hopper 

Fig. 42.10 Angles welded to chute/hopper 
material slides over material 
protection against wear. 



Fig. 42.11 

Fig. 42.12 

4 

d 

-

d 

d = Clear dia trunnion 

d1 = Dia of inlet chute 

1, 2 Table feeder 
3 Chute 
4 Mill inlet 

0, Sides of chute at inlet 
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O~ Slope of chute at its outlet entering mill 

both i 50° 

d1 = d cos O2 max. dia inlet chute 

Chutes from table feeders to mill. 

-A 

j! 
I 
I 

I 
I 

I 

-A Chutes ViewAA 

Chutes direct connections without bends preferred. 



406 Section 6. LAYOUTS AND DETAILED ENGINEERING 

Chutes 

Avoid bends in two planes 
Slopes 91 & 92 not less than 60· 
Real angle of slope not less than 50· 
Keep a short straight length after flange - I 

Fig. 42.13 Connection betwt::en machines. 

Avoiding spillage is an important aspect of chute 
design. 

Skirt boards are used to guide material on the 
receiving conveyor to eliminate spillage. 
See Fig 42.14. 

The chute feeding a ball mill will be circular of 
necessity to fit in the round mill inlet. Because of the 
angle, the largest diameter of chute that can be installed 
will be much smaller than the clear inlet opening. 
See Fig 42.11. 

Fig. 42.14 Inlet chute belt conveyor. 

When chutes connect machines like screw 
conveyors they are sized to suit the diameters of 
screws. 
See Fig. 42.16. 

Chute feeding an elevator should be smaller than 
the width of the bucket and should project into the 
casing to the extent practical so as to fill buckets without 
spillage in the casing. 
See Fig. 42.15. 

42.9 Support for Chutes 
Chutes need to be supported. They can be supported 
from the hopper or bin they are feeding. A short chute 
becomes its own support. 
See Fig. 42.17. 

Long chutes would be made in sections. Supports 
should be so designed that assembling and maintenance 
is easy. 

It is a good idea to have inspection doors on top 
face of a chute to check flow and to facilitate cleaning. 
See Fig 42.18. 

42.10 Pendulum Flaps in Chutes 
In some chutes pendulum flaps, single or double are 
inserted to prevent leakage of air or gases for example 
Chutes inserted between hoppers of grate cooler and 
spillage drag chain conveyor are fitted with pendulum 
flap valves prevent leakage of cooling air. 
See Fig. 22.7 in Chapter 22. 

Pendulum flaps are also inserted in raw meal pipes 
between two stages of cyclone preheater. 
See Fig. 15.16 in Chapter 15. 

~ 0 o 
\ 
o o o 

Skirt board 

--
W = Width of belt 
d =w- =50 mm 



Lip projecting 
inside 

Fig. 42.15 Inlet chute - bucket elevator. 

\ 
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I I 

Link chain 

I W I 

I I 
II I I 

I I ,- C -, 
I I I I 
I I I I 
I I L ________ J 

L b -I 

d = Dia of screw 

b = Width of inlet chute = d - =< 25 mm 

a x b = Area to suit rate of flow 
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w = Width of casing 
b = Width of bucket 
c = Width if chute 
w=b+=50mm 
c= b- ... 25mm 

" /\ /\ /\ /\-/\ /\ /) -1--_-_-_""_-_-_-_#0_-_-_-,........, 
VVVVVVV( 

a 

/\ /\ /\ /\ /) 1\ / \ / \ 
-r- _- __ -_-_#0_-_-_-,........, 

- --I-- -...-....-- -I--- \0-

'\/\/ / V V V V 

Fig. 42.16 Inlet chute - screw conveyor. 

42.11 Venting through Chutes 
Chutes should facilitate venting. Long chutes and 
chutes carrying large quantities of material should be 
vented at more than one point. 

42.12 Telescopic Chutes 
When chutes discharge material conveyed to form piles 
like in stock piles for clinker, limestone, etc., then the 

height of fall is maximum at the beginning of formation 
of pile; reducing as the pile is built up. This arrangement 
causes a great amount of dust nuisance. 

One way to over come this nuisance is to have a 
telescopic chute which extends or contracts according 
to height of fall. It will be motorized so that length of 
chute can be increased or decreased from a distance. 
See Fig. 42.19. 
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Fig. 42.17 Short chute itself acts as a support. 

2 

1 

Fig. 42.19 Telescopic chute to avoid dust nuisance. 

However, telescopic chutes are not easy to maintain 
because of dusty conditions. Surfaces cannot be 
lubricated except by using dry lubricants, which would 
not last for long as they are exposed to extreme 
weather conditions. 

42.13 Flexible Connections 
Flexible chutes are used when a machine or a tanker 
or bulk carrier is to be positioned under a hopper or a 
bin for discharge. This is particularly applicable for 
bulk handling. 

Flexible chutes - they are made of corrugated pipe. 
One end would be clamped to the bin. The other end 

Ends rigidity connected 
Intermediate support to avoid sag 

Provide inspection door 

If chute is very long and likely to be expanded 
a sliding support may also be required. 

_ ........ _10..-_ 

Fig. 42.18 Long chutes - require intermediate 
supports. 

1 Extended Telescopic chute 

2 Contracted chute 

would be clamped to the receiving mouth of the tanker 
after positioning it under the loading point. These 

chutes also have facility for a vent pipe so that air 

displaced can be vented through a dust collector. 
See Figs. 42.20 and 29.8 in Chapter 29. 

Flexible connections are also used when a machine 
hopper is to be isolated for measuring weight. 

When a bin on load cell is introduced between a 

machine and a feeder, it should not be solidly connected 

to either hopper above it or feeder below it. 

Connections are short and made of canvas. 
See Fig. 42.20. 



1 loading bin 
2 Flexible chute 
3 Bulk carrier 

Used for connecting bin with bulk 
carrier for loading 

Fig. 42.20 Flexible chutes. 

42.14 Fabrication of Chutes 
Chutes are connecting pieces. They are fabricated 
according to drawings of chutes and ducts showing 
true views. Even then they cannot always be fitted as 
made. It is a good idea to tack weld a chute and finish 
weld it at site. 

Flanges are made in pairs. One flange is welded 
and the other is supplied loose. This is particularly true 
of round chutes and pipes. 

Flanges should be welded properly at right angle or 
at the angle shown in the drawing. 

To avoid leakage, asbestos rope is inserted between 
flanges. 
See Fig. 43.38 in Chapter 43. 

42.15 Raw Meal Pipes 
In special category would fall raw meal pipes 
connecting various stages of preheater and calciner 
and preheater to kiln. Technically they are 'chutes'. 
But they are round and carry very hot material and 
hence are usually called pipes. 

Raw meal pipes carry raw meal at various 
temperatures starting from 250-300 °C at top stage to 
~ 800°C when entering kiln. Therefore pipes will be 
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1 Bin 
2,4 Flexible connection 

3 Bin on load cell 
5 Feeder 

Used for isolating bins on load cells 
and metering devices 

m.s. for top stage and stainless steels of suitable grades 
to suit raw meal temperature for lower stages. 

If diameter of pipe is large enough then m.s pipes 
lined with castable refractory could also be used. 

Because of temperature, these pipes would have 
expansion joints. Generally located just below 
cyclones. Expansion joints of bellowed construction 
would also be made from stainless steels to withstand 
high temperatures. 

Pipes also have single / double pendulum flaps so 
as not to disturb gas circuit in each stage. Pendulum 
flap valves are also made of heat resisting materials. 
Separate bearings are installed so as not to overheat 
them. 

Pipes would be installed at an angle of not less 
than 55° and awkward bends which could hinder 
smooth flow of raw meal would be avoided. 
See Fig. 15.16 in Chapter 15 on preheaters. 

42.16 Spillage at Calciner 
Spillage from calciners is also raw meal at vey high 
temperatures. To handle this spillage pipes of heat 
resisting material are used. 
See Fig. 17.9 in Chapter 17 on calciners. 
See Fig. 53.8. 
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Spillage at Kiln Inlet from Seal 
Sometimes positive pressure develops at kiln inlet and 
raw meal tends to come out of seal provided. This 
material is also very hot and should not be allowed to 
be accumulated on floor of preheater tower. It needs 
to be collected as shown. 
See Fig. 53.7. 

42.17 Pipes I Chutes for Clinker Dust 
Clinker dust collected in the dust chamber between 
cooler and tertiary air duct is also at very high 
temperatures of !::::: 800 dc. At this temperature it 

becomes sluggish in flow. Dust is conveyed either to 
the drag chain for spillage or into the cooler itself by 
pipes made of heat resisting material from refractory 
lined hoppers of the dust chamber or in m.s. pipes lined 
with refractory material. 

The pipes should be installed at an angle of not less 
than 55 0 to horizontal. Pipes should be suitably 
supported allowing for expansion. Pendulum flaps 
would be installed to prevent false air entering into 
system. 
See Fig. 1S.17. 



CHAPTER 43 

43.1 Ducting 
Ducts are used to convey gases such as exhaust gases, 
flue gases, process gases and vent gases to complete 
the air/gas circuit of a system usually with the help of 
a fan or fans. Gases could be air or products of 
combustion; clean or dust laden. 

In Chapter 41 on 'venting' we have dealt with 
systems of collecting and exhausting vent gases. Such 
gases are also conveyed through ducts. 

43.2 Aspects of Duct Design 
Design and engineering of a ducting system has 
following aspects: 

1. Sizing to cope with volumes of gases to be 
conveyed. 

2. Layout to take into account slopes, bends, 
allowances for expansion, supports. 

3. Construction and fabrication. 

4. Refractory lining or insulation and lagging 
according to specific conditions and uses of 
gases. 

5. Control and regulation like dampers, orifices to 
be incorporated in the system. 

43.3 System Gases 
In mill systems: 

1. Hot gases are drawn from kiln system to mill 
systems for drying, 

2. from mill to separator, 

3. from separator to bag filter / esp, 

4. from esp / bag filter to fan, 

5. from fan to chimney. 
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Temperature of gases drawn from kiln system will 
be between 280 and 350°C. They will be vented out 
at about of 90 to 100 dc. 

Ducts in system gases would generally be insulated 
and lagged to conserve temperature. 

43.4 Process Gases 
In Kiln, preheater calciner and clinker cooler systems 
ducting includes: 

1. Cyclones of pre heater are connected with each 
other by ducts, 

2. down comer duct from preheater to preheater 
fan, 

3. from fan to gas conditioning tower (gct) and from 
gct to esp, 

4. from esp to esp fan, 

or to and from bag filter when it is used together 
with diluting air, 

5. tertiary air duct from cooler to calciner, 

6. ducts between cooling air fans and cooler, 

7. ducts between dust collector and cooler for 
cooler vent gases and between dust collector 
and fan. 

43.4.1 Conveying Primary Air 
An important duct or pipe is from primary air fan to 
coal burner which conveys primary air and coal to be 
fired in it. Since concentration of coal is quite high, 
velocities in it are also very high. If hot air is drawn 
from cooler to serve as primary air, it would also be 
conveyed in ducts. 
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43.4.2 Ducts Carrying Hot Air/Gases 
Ducts in kiln, preheater and calciner systems would 
be lined with refractory because of high temperatures 
of gases. 

43.5 Induced and Positive Draught Systems 
When fan 'drawing' gases in the system is at the end 
of the system, the system, will be under negative 
pressure; when it is at the beginning, it will be under 
positive pressure. 

There are systems that are a combination of 
negative and positive pressures with an intermediate 
fan. 

43.6 Duct Sizes and Lengths 
Systems handing process and system gases generally 
handle large volumes of gases at different 
temperatures, dust contents pressures and draughts. 
Ducts connecting one department to another can be 
long in lengths. Duct from preheater to preheater fan 
is also quite long as much as 80-90 metres in case of 6 
stage preheaters. 

43.7 Sizing 
Ducts are to be sized to suit specific conditions of gas 
flow in each case. 

Velocity should be such as to cause minimum 
pressure drop and yet should not be too low so that 
material suspended in gases gets separated and tends 
to settle in ducts. 

Dust laden gases would be passed through ducts 
with velocities of 18-20 mlsec; high velocities are also 
used (30 mlsec) when dust concentrations are high 
like in coal firing pipe of kiln. 

For handling clean gases or air, velocities can be 
low so that pressure drop in the duct would be low. 
However too Iowa velocity would require a large duct. 

In most cases, except in ducts carrying gases after 
bag filters / esps, gases would be dust laden; dust burden 
in gases varies between 500-600 gm/nm3 in mill 
systems to 80-100 gmlnm3 in kilns. 

In case of all such ducts it would be best to maintain 
sufficiently high velocity, which will enable dust to be 
carried with gases. Else dust would settle down. This 
is particularly so far horizontal ducts. 

Normally, the velocities in such situations would be 
20-22 mlsec. Higher velocities would be used should 
particles be coarser and dust concentration be high. 

43.7.1 Impact of Margins on Velocities in Ducts 
In sizing the plant, a design margin is added - about 
10%. Major equipment and auxiliaries are selected on 
the assumption that design margin would be achieved. 

Auxiliaries like fans have another 10-15% margin 
in them so that they do not become bottlenecks at any 
time or in the event higher outputs can be reached. 

A ducting sized for volumes corresponding to design 
capacity for a velocity of 20 mlsec and a pressure 
drop 'p' mmwg, would have when operating at rated 
capacity and fan capacity respectively, pressure drops 
as follows: 

Velocity 

a. rated capacity 18 mlsec 

b. fan capacity 22 mlsec 

Pressure Drop 

0.82 'p' 

1.21 'p' 

The velocity should not be too low at operating 
levels nor too high beyond the design static pressure 
of fan. 

Therefore, as explained earlier, if a margin of 10% 
is added on fan volume, a margin of 20% must be 
added on its static pressure. 

43.7.2 Pressure Drop in a Duct Depends on 

(i) Velocity head. 

(li) Material concentration. 

(iii) Length of duct. 

(iv) Geometry of duct including numbers and type 
of bends; changes in cross sections. 

Losses are also due to lifting of material in it like in 
case of air lifts and due to introduction of material in 
gases and due to friction. 

43.8 Design of System 
System of ducting has to be carefully worked out taking 
various factors into account to calculate pressure drop 
in each duct and in the total system. 

The fan pushing or pulling gases through the system 
has to be designed for the maximum pressure drop in 
the system. 
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F1 to F4 - Fans 
p to w - Junction points 

BF - Bag filter 
1 to 10 - Dampers 

~L~L 
a,b,c,d,e Are volumes drawn by F1 

f 9 f & g Are volumes drawn (as and when) by fans F2 & F 3 
F4 Handles balance volume & leakage in system 

c 
e 

b 
a 

Fig. 43.1 A typical gas flow system with fans and dampers. 

In a system like kiln or grinding mill or venting, gases 
are drawn from different points in different quantities 
and are released also at different points. 
See Fig. 43.1. 

In this circuit gases are drawn by Fan FI from 
points, a,b,c,d,e. Quantities and temperatures at each 
of these points would vary. 

Voumes at junction points p, q, rand s would be : 
(a+b), (a+b+c), (d+e) and (a+b+c+d+e) respectively. 

In each of these legs there would be loss in pressure. 

Let us say draught at p = - 20 mm 

a = -5mm 

b = Omm 

Therefore drop in a -p = (20 - 5) = 15mm 

In b- p = -20- 0 =20mm 

Let velocity in ap = va 

In bp = vb 

The duct sizes should be so selected for these 
volumes that velocity heads of gases flowing in legs 
ab and bp would cause above respective pressure drops 
when flowing through the lengths of the ducts. 

Therefore velocity pressure in 

ap = (va2/2g) x dl = Yap 

in bp = (vb2/2g) x d2 = Vbp 

where dl and d2 are densities of gases in the two 
legs. 

Assuming for the sake of simplicity that the ducts 
are straight without bends, dampers or orifices 

Pressure drop in duct ap = K x Yap x 11 = 15 mm 

bp = K x Vbp x 12 = 20 mm 

Where 11 and 12 are lengths of ducts ap and bp in 
metres 

If there are bends or dampers in the ducts, 
allowance has to be made for additional pressure drop 
or loss of pressure in them. 

There are many cases where different volumes of 
gases are drawn in parallel circuits. In Figure 43.2, 
points A and C are common for both the legs. Therefore 
pressure drop in the two legs is the same. To divide 
gases at different rates between kiln and ca1ciner, 
(to suit fuels fired in kiln and calciner) a resistance R 
is added in the circuit at point B in riser duct by way 
of an adjustable throttle. This is adjusted according to 
rates of fuel fired between kiln and calciner. 
See also Fig. 43.3. 

43.9 Procedure for Design 
Flow of gases through ducts follows 'Bernoulli's 
Theorem' which is based on conservation of energy. 
See Fig. 43.4. 
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Kiln calciner 

A 
-80mm 

-60mm-
-2mm 

'-----t.....J C Kiln 

-40 
TAduct 0 

-40 
Calciner 

Draft at A - same for both legs - CBA & COA 

Loss in kiln leg up to B -20 mm 

Loss in calciner leg up to A -80 mm 

To balance - resistance added at B 

By way of adjustable throttle 

Fig. 43.2 Balancing gas circuit - kiln -
calciner - cooler. 

V GCT ESP 

pi 
1 

p1,v1 

Total energy same at points 1 & 2 

2 
~v1 x.s = Velocity pressure at 1 
2g 

2 
v2 x.s = Velocity pressure at 2 
2g 

I 2 d 
2 

p2,v2 

2 2 
p1 + v1 x.s = p2 + v2 x.s + Loss due to friction 

2g 2g 

Fig. 43.4 Straight flow - uniform diameter. 

In direct operation, gases entering esp 

v1 = V + water spray in gct + leakages 
In combined operation, 

gases entering esp = v1 + water in gct + leakage 
+ v2 + water dried + leakage in mill 

A & B-Junction points of parallel circuit 

Cyclone I gritseparator pro drop across A - GCT B = pro drop across A - Mill B 

Flow divided according to requirements in two legs using dampers 

Ouctings sized according to velocity to be maintained 
Mill 

Fig. 43.3 Balancing gas circuit - raw mill - GeT - ESP. 

Total energy at I = Total energy at 2 

Let kinetic energy = E and potential energy be P. 
Kinetic energies at I and 2 = EI and E2 respectively 

Potential energies at I and 2 = PI and P2 respectively, 

By Bernoulli's theorem, 

EI +PI =E2+P2+10ssin 1-2 
Therefore if E2 > E I, then P2 < PI 

Thus in a converging pipe, kinetic energy expressed 
in velocity head increases and pressure drops. 

This theory is used to introduce material in the pipe. 
See Figs. 43.5 and 43.7. 

However, if the same velocity is maintained 
afterwards, pressure loss would be very high. 
Therefore, velocity head is converted back into 
pressure head by reducing velocity by adding a 
divergent piece. Velocity is maintained at a level where 
air can convey the material with it. This convergent 
divergent piece is called a 'ventury meter' and is 
commonly used to introduce coal in coal firing pipes in 
kilns. 
See Figs. 43.6 and 43.7. 



p1.p2 Pressures in mm of wg 

d1.d2 Diameters of pipes v1.v2 Velocities 
1 2 

~~~ - c=n ~~ 
p1 p2 

o Density of gas 

V = Volume of flow 

2 1t 2 V=.1!..xd1 xv1 =_xd2 xv2 
4 4 

d2 < d 1 therefore v2 > v1 

Pressure head converted in to velocity pressure 
2 2 

p1 +.Y1 xo p2+ v2 xO 
2g 2g 

Because v2 > v1 p2 < p1 

Fig. 43.5 Converging section. 

2 3 4 

A 

Fig. 43.7 Coal firing pipe for kiln with ventury. 

5 6 

B 

Velocity is again increased at the end of the coal 
firing pipe by decreasing the cross section and shaping 
it like a nozzle. 
See Figs. 43.7 and 43.8. 

Standard procedures are available for calculating 
pressure drops in a ducting system that takes into 
account all the factors like, temperature, density, 
physical configuration like cross sections, bends and 
length of ducting. 

Annexures 1 to 3 of this Chapter, outline such 
a procedure. 

43.10 Layout 
But first it is the layout, which should be so arranged 
that the ducts are short and direct and are so laid out 
that dust if any does not get deposited in transit. 
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0-::1-
3 

d2 

~ 
d3 

v2 v3 

p2 p3 

Because v3 < v2 p3> p2 

Gas flow in pipes follows Bernoulli's theorem 

Fig. 43.6 Diverging section. 

d1] d2 Dias in meters of firing pipe 

d3 
d4 

v1 , v2 , v3 = Velocities in these sections 

p1 , p2 • p3 = Pressure in these sections 

v4 = Velocity at nozzle 

The ducting should be direct i.e., center lines of 
mill and separator should coincide. 
See Figs. 43.9 and 43.10. 

VVhen bends cannot be avoided because of 
locations, they should be smooth. 
See Fig. 43.11. 

Ducts should be vertical or at a steep enough slope 
so that settled dust does not accumulate in one place 
and does not block the flow. 

Thus a duct conveying dust laden air or gas should 
be laid at an angle of 45° or more to horizontal. 

The angle of inclination of ducting would be greater 
than angle of repose of material so that any settled 
material would slide down the walls of the duct and 
not accumulate on the walls of the duct. 

VVhere they must be horizontal like in a tertiary duct, 
the velocity should be high enough, between 
20 / 22 rnlsec. 
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Fig. 43.8 

Fig. 43.9 
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I, 
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\ I 

I \~.head 

! \i 

Pro head 

Vel. head 

Bernoulli's principle used to design ventury & coal firing pipe 

at any point, pro head + vel. head + losses is constant 
(1 to 6 correspond to points 1 to 6 in Fig. 43.7) 

Velocity and pressure heads at various points in the pipe. 

R-radius 

../ x 
Example 1 

Avoid bends in two planes. 

x 

~ --q7--

Example 2 

Example 3 

Fig. 43.11 Avoid sharp bends. 

43.10.1 Co,.rect and Incorrect Arrangements 
Examples of right and wrong arrangements of ducting 
have been shown in Figs. 43.9 to 43.14 including a 
situation where cross section is changed from round 
to rectangular and vice versa. 

When a number of ducts are joined and then are 
taken to dust collector (for example) the cross section 
at each stage should correspond to the volume carried 
in it. 

Fig. 43.10 Avoid bends. 

Thus ducting gradually increases in size; the joints 
should be smooth and new duct should join main duct 
in direction of flow at a smooth angle helping the flow. 
See Fig. 43.15. Layout of ducts. 



x 
Example 4 

Fig. 43.12 

Fig. 43.13 

Avoid horizontal lengths near bends. 

(1)<1 
Round Rectangle 

Example 5 

Conversion round to rectangle 
and rectangle to round 

Rectangle/square 

I 

Round 

../ 

Rectangle/square 

Material 
Ej!!5l~aiilja accumulates 

Round 

X 
Example 6 

Fig. 43.14 Avoid sharp ledges when converting 
from round to rectangler/square shape. 
Layout of ducts. 
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1. 

Straight duct 

~rl v~~r~ 
V2 
d4 

V3 
d5 

3. ~~. ~1 ____ d_2 __ ~ ~-~2~:3 
--~~ V1-V2 ~ 

.V2 d4 V3 d5 

Diameters d1, d2, d3, d4, d5 

To suit gas flow volumes 

V1, V2, V3, V4 

According to velocities to be maintained 

Fig. 43.15 Duct cross sections vary as per gas 
flow through them. 

Reverse is also true when cross sections are 
required to be reduced. 

Different types and angles of bends cause different 
pressure drops. Similarly, radii of bends also affect the 
pressure drop. 
See Figs. 43.16 to 43.18 and Annexure 3. 

Acute and sharp bends cause higher drop than 
rounded bends with generous radii. Greater the radius 
R in relation to diameter d of the duct, lower the 
pressure drop. 

If bends are 180°, the radius should be large to 
reduce pressure drop. In such ducts vanes are fixed in 
the bend to distribute gas flow evenly and there by 
reduce pressure drop . 
See Fig. 43.18. 

A still better way is to enlarge cross section of duct 
at bend and use camel or hump back bend. 
See Fig. 43.18. 
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---- Dia d 
I' 

( 

2 3 

Ratio d/r decides pressure loss in bends; 
lower d/r, lower pressure loss 

Fig. 43.16 Angles of bends. 

With smooth radius 
preferred 

Fig. 43.17 Construction of bends. 

2 
Sharp corner 
avoid 

Bend with vanes to 
reduce pressure loss 

Bend with camel back 

Fig. 43.18 Bends. 

and vanes for acute angles 
to reduce pressure loss 

3 

With radius - but with jOints 

Conversely, to increase loss of pressure in a ducting, 
dampers or orifices can be introduced. 
See Figs. 43.19 and 43.20 

43.10.3 
In a ducting system bends are unavoidable because 
machines are at different levels and at different 
locations. But the ducting layout should be stream lined 
following principles outlined above. 

. A typical ducting is hot gas drawn from preheater 
fan outlet to raw mill inlet. 
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p1 p2 

Orfice - fixed 
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T.A.duct 

Orifice - adjustable 

Throttle adjustable 

Fig. 43.19 Orifices and throttles. 

-T 
a) Butterfly b) Louvre 

Fig. 43.20 

Operated locally or motorzied, 

used for introducing resistance 

limited use for flow control 

Resistances and dampers 
introduced in ducts for flow control / 
balancing. 

Ducts 419 

p1-p2 = Vp can be used for flow measurement 

orifice dia d 1 

Kiln riser duct 

(i) Distance is considerable. 

(ii) Centre lines are offset. 

(iii) Change of direction to enter mill. 

The bend is thus not in one plane. Such bends should 
be carefully planned. See Fig. 43.21, which illustrates 
the point. Detailed ducting drawings need to be made 
to show actual angles of inclination and actual lengths. 

43.11 Duct Supports 
Some ducts are so large and long and heavy with lining 
of refractory and some with insulation and cladding, 
that, they need specially designed structures to support 
them. 
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6 

Long hot gas ducting from preheater to rawmill 

a) Elevation 

3 

b) Plan 

5 

2 

c) End view 

Fig. 43.21 Long ducting from PH fan to raw mill inlet. 

Duct sizes being large, supports themselves become 
massive structures with large dimensions and heights. 
A common support at branching off point can be 
convenient. 
See Fig. 43.22. 

The ducting is often required to go up and down 
and hence needs to be supported at several points. 

1 Down comer duct 
2 Duct from preheater fan 
3 Duct to raw mill 
4 Raw mill 
5 Duct to dust collector system 
6 P. H. fan 

They need adequately designed supporting structures. 
In large plants these supporting structures themselves 
call for careful engineering and design to support heavy 
loads and to permit expansions in different directions. 

Supporting structures should be so designed that 
they do not hinder expansion of ducts due to heat in 
operation. 



Thus supports of two kinds are necessary viz; 

1. Fixed support. 

2. Sliding-support. 

1,2,3 Dampers in ducts 4,5,6 Supports for ducts 

7 Structure for supporting ducting 

8 Access ladders 

Fig. 43.22 Large and heavy supports of ductings. 

43.11.1 Fixed and Sliding Supports 
They would be arranged alternately in long ductings. 
Supports should be arranged close to an expansion joint 
so that load of ducting does not come on it. Typical 
fixed and sliding supports for horizontal and inclined 
ducts are shown. 
See Fig. 43.23 and 43.24. 

3-

4 

1 Inclined duct 2, 4 Sliding support 

3 Horizontal duct 

Fig. 43.23 Sliding supports for horizontal 
or inclined ducts. 
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4 4 

1 Duct 2 Strap 

3 Saddle 4 Support 

Fig. 43.24 Fixed support for horizontal and 
inclined ducts. 

43.11.2 Design of Supports 
Supports have to be so designed that they take load at 
all times. That is pipe must maintain contact with the 
support. 

In the system of preheater cyclones all loads are 
supported on floors, beams, but are not bolted down. 
Interconnecting ductings are also supported similarly. 
It helps if a metal ring is grouted on the slabs to facilitate 
any relative displacement 
See Fig. 15.44 in Chapter 15. 

The down comer ducts begins with a bend at top 
from twin cyclones. The support for this bend should 
be so designed that it takes the load of ducting even in 
heated condition. It may be mounted on springs to take 
load of duct at all times. 
See Fig. 15.37 in Chapter 15. 

Down comer duct is usually supported on brackets 
from various floors of preheater tower. Supports are 
fixed and sliding alternately to permit expansion. 
See Figs. 15.27 and 15.28 in Chapter 15. 

Similarly supports for T.A. Duct have been shown 
in Fig. 18.3 of Chapter 18. 

43.12 Expansion Joints 
Expansion joints are an integral and vital part of a duct 
system. 

Any scheme of ducting carrying hot gases must 
have expansion joints at regular intervals. Otherwise, 
the ducting would buckle. 
See Fig. 43.25. 
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b - Expanded position 12 < 11 

Fig. 43.25 Common expansion joints. 

Expansion joints come in many types and designs. 
Selection would depend on: 

1. No. of planes in which expansion is to be allowed. 

2. Expansion to be allowed in centimetres. 

3. Temperature and nature of gases. 

As far as practicable expansion joints are so located 
that they are required to allow expansion in one plane 
only as shown. 
See Fig. 43.26 

3 

q8t 
1 

1 Fixed support 
2 Sliding support 
3 Expansion jOint 

Load of ducting taken by supports; 
expansion joint should not take any load 

Fig. 43.26 Support of ducting at expansion joints. 

The number of joints to be included can be worked 
out using the equation 

Expansion = k x I x (T2-T1) 

'k' is coefficient of expansion /metre /degree 
centigrade difference. It can be obtained from 
reference tables. 

'1' is length of ducting and T2 and Tl are 
temperatures of ducting and abmbient respectively. 

The total expansion / expansion per joint = Number 
of joints in the pipe line. 
See Fig. 43.27. 

2 3 4 
.... '\ 

( 1 ( 
.... " 

I.. L1 .. II.. L2 ...I 

I. L • I 

1 Long ducting length "L" 2,3,4 Expansion joints 

Each joint permits say ~ cm expansion 
Total expansion = Lx k x (T1-T2) 

No. of joints = L k x (T1-T2) 
.1$. 

Where k = constant, 

T1 - T2 = Temp. difference between gas temp. 
and ambient temp. 

Fig. 43.27 Number of jOints to be calculated. 

As expansion joints can become a sources of 
leakage, they should be kept to a minimum. 

43.12.1 Design of Expansion Joints 
Expansion joints are made of thin plate in 1 or more 
bellows as shown in Figs. 43.26 and 43.28. Plate is 
1-1.5 mm thick. This plate therefore cannot with stand 
load. Therefore, no load should come on an expansion 
joint 

Thus expansion joints wo~ld be located close to 
the supports. 
See Fig. 43.26. 

Most designs permit expansion in one plane. 
See Fig. 43.25. 

* Thin 1.5 - 2 mm thick plate ms or ss 
according to temp. of gases 

Fig. 43.28 Number of bellows according to length 
of expansion to be allowed for. 



In joints permitting expansion in one plane like in 
sketch shown one pipe.can expand lineally inside the 
other pipe. 

Where duct is at an angle, the expansion joint would 
have to permit expansion in two planes. It is best to 
avoid such a situation by installing two expansion joints 
one in each leg of the bend as shown in Fig. 43.29. 

Fig. 43.29 

To be avoided / 
To be preferred 

Expansion joint will have a short life 
if it is required to take expansion in 
two planes. 
To be avoided. 

Material of construction will be m.s. for temperatures 
up to 300 °C and stainless steel for higher temperatures. 

43.12.2 Expansion Joints in Preheater, 
Kiln Cooler System 

The preheater cyclones and the ducts connected to 
them contain at every stage an expansion joint, just 
above the cyclone. These joints are large in diameter 
corresponding to size of preheater (A 6m dia cyclone 
would have an outlet duct of 3 m dia). 

Further, because of change in direction of ducting 
at every stage the expansion is in two directions, vertical 
and horizontal. 
See Fig. 15.44 in Chapter 15. 

Since neither ducting nor cyclone is bolted down, 
this does not cause a problem. 

The expansion joints in preheater system starting 
at outlet of kiln have to withstand high temperature -
1000 to 1100 DC at kiln inlet and reducing progressively 
stage by stage to 800, 650, 500, 350 and 280°C. The 
construction would be governed by temperature; 
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stainless steel for lower stages and M.S. for top 2 
stages. Rock wool, glass wool is used for sealing so 
that inleakage of false air is avoided. 

Expansion joints are also required in the ducting 
from preheater to pre heater fan. This in some cases 
would be 70-80 m long. Temperatures would be 
between 350-250 dc. 

This ducting is generally supported along the side 
of preheater tower. Expansion joints are provided at 
calculated intervals. In most cases, they would have 
to allow expansion in one plane only. The bend at the 
top allows for expansion. 
See Figs. 15.27 and 15.28 in Chapter 15. 

On the cooler side, tertiary duct brings air for 
combustion from cooler to calciner. This is also a fairly 
long (70 m or so) duct and may be in horizontal or 
inclined according to the design of the calciner. 

Same principles of fixed and sliding supports and 
expansion joints apply to this ducting and also at take 
off point from cooler and dust chamber. 

This ducting would be lined with refractory from 
inside and hence would be fairly heavy. 

Duct for vent ah' for cooler, connecting cooler to a 
dust collector, (now, esp in most cases) should contain 
expansion joints suitable for temperatures between 
180-300°C. 

Preheater fan would be installed at ground level 
and ducting is taken from it to gct (in case of esp), 
which is a tall cylinder 5-7 metres in Diameter, and 
16-25 metres tall. Ducting is also taken from preheater 
fan to Raw Mill for drying. It would be installed at an 
angle so that dust would not settle in it. 

All these large and long ducting must have expansion 
joints. 

43.12.3 Connections with Fans 
Ducting connection with fan should have an expansion 
joint at inlet in particular. This serves two purposes; it 
does not transmit expansion of ducting to fan casing 
and cause stresses. Secondly it does not transmit 
vibrations of fan to the ducting. 
See Fig. 43.30. 

This joint may experience expansion in 2 planes 
therefore, it is made of asbestos cloth. 
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1 Inlet dueting to fan 2 Fan 
3 Expansion joint of asbestos cloth 
4 Support near fan inlet 

Fig. 43.30 Expansion jOint at fan inlet and 
its support. 

However, its condition should be inspected regularly 
as it could be a serious source of false air leakage into 
the system. 

Final exit of exhaust gases is through chimneys. 
Ducts connect fans to chimneys. These are not very 
long but temperatures could be high. Therefore this 
ducting should also have an expansion joint. 

43.13 Dampers 
Dampers are also an integral part of any system of 
ducting. They serve: 

1. To start fan an no load, 

2. to regulate flow, 

3. to totally shut off one leg of circuit from the 
other, 

4. to adjust resistance between two legs of circuit. 

For example a kiln would be started as a preheater 
kiln and calciner would be brought into circuit later. 
Initially therefore it would not be necessary to draw 
tertiary air from cooler. 

When kiln is stabilized and secondary air 
temperatures reach desired values, fuel would be 
gradually introduced in calciner, the throttle mentioned 
above in kiln riser duct together with damper in tertiary 
air duct would be adjusted to achieve desired flows of 
gases between kiln and calciner for combustion. 

Generally, TA duct would have an orifice to 
measure the gas flow passing through it. 
See Fig. 43.31. 

43.13.1 Totally Cut off Damper 
A totally cut off damper is airtight and permits 'zero' 
flow past it. Such a damper is used to isolate a piece 
of equipment like a bag filter either to protect it or to 
attend to its maintenance by providing an alternate route 
for the gases. 
See Fig. 43.32. 

43.13.2 Regulation of Flow by Dampers 
Dampers are often used to regulate the flow or to divide 
flow between branches of a circuit. Loss of head in a 
damper depends on the type of damper - butterfly, 
louvre, radial vane etc. Multivane or louvre dampers 
cause low pressure drops. Therefore, if main purpose 
of introducing a damper is to regulate the flow a louvre 
damper would be preferred. 
See Fig. 43.20. 

Butterfly dampers do not regulate flow beyond a 
certain limit and are not very effective. 

It has already been mentioned that dampers which 
are like resistances in electrical circuit cause pressure 
loss in the circuit of say between 20 to 50 mms. When 
flow is required to be regulated frequently and altered 
conditions can continue for long times like in case of 
kiln operations, variable speed motors are used rather 
than dampers to regulate flow. 

Though fans generally come with dampers their 
main purpose would be to start fans on no load. 

Dampers could also be used to divide flows. 
However to ensure desired flows, in two legs of 
system, it would be advisable to have a fan, in each leg. 

43.13.3 Orifices 
Like dampers, orifices are used to increase resistance. 
Orifices add considerable resistance and are mainly 
used to measure the flow. But orifices are generally 
fixed and if resistance is required to be changed, It 
has to be replaced by one with a larger or smaller 
opening. 

Sliding plates (with seals) are added to vary the 
effect of orifices. 
See Fig. 43.19. 

Selection and location of dampers requires 
considerable thought. 



Fig. 43.31 

Fig. 43.32 

1 

7 6 

1 Kiln 
2 Cooler 
3 Dust chamber 
4 T. A. duct 
5 Calciner 
6 Riser duct from kiln 
7 Preheater cyclone 

3 

2 

Dampers and throttles in T.A. duct and riser duct. 

-

1 Incoming duct 

3 Bypass duct 

3 

2 Dust collector 

4,5 Total cut off or gas tight dampers 

6,7 Dampers in bypass duct 8 Fan 
9 Damper at inlet of fan 10 Chimney 

Cut off dampers to isolate dust collector. 
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a - Adjustable throttle in riser duct 
b - Orifice to measure flow of TA duct 
c - Regulating damper 
d - Cut off gate 

7 
jI 

-

10 
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43.14 Fans in the System 
As mentioned earlier fans are used to draw or push 
gases in a system of ductings. Static pressure of a fan 
is a sum total of pressure losses in the system. It is 
calculated systematically as explained in Annexures 
1 and 2. 

A preheater fan for example has to deliver a given 
volume so drawn to say: 

1. Raw mill system for drying, 

2. coal mill system for drying, 

3. bag filter/gct and esp for cleaning. 

The total static pressure for which the fan to be 
designed is the sum total of loss of pressure on suction 
side and on delivery side. 

Suction side loss is say 400 mm 

Delivery side loss is say 25 mm 

Fan will be designed for a static pressure of 425 mm. 

So that a negative pressure of 400 mm is converted 
into a positive of 25 mm at delivery point which 
becomes zero at a predetermined point in the circuit 
so that g.c.t. is under negative pressure. 
See Fig. 43.33. 

According to fan laws, fan would deliver a total 
pressure of 425 mm, 

but if system resistance is only 300 mm wg then on 
delivery side the fan will show a positive pressure of 
125 mm and the zero point would then be shifted much 
further into subsequent system that is in gct and esp 
which is not at all desirable. 

Fans should therefore be selected properly - neither 
oversized nor undersized. 

As mentioned above it is better to achieve regulation 
by a variable speed motor. 

Sometimes, a fan is avoided under the impression 
that it would save same power. But this is not 
necessarily so. 
See Figs. 43.34 and 43.35. 

The circuit is the same in both cases 'a' & 'b'. 

In case 'a' fan FI is designed for static pressure 
Rl and fan F2 for static Pressure R2. In case 'b', fan 
F3 is designed for static pressure RI +R2. 

Since power required is proportional to static 
pressure it is obvious that total power of Fans FI and 

F2, in case of 'a' is equal to power of Fan F3 in case 
'b'. One disadvantage of having two fans (Fig. 43.34) 
would be that fan FI would have to handle dust laden 
air. 

43.15 Fabrication Drawings of Ductings 
Separate drawings should be made of ducting which 
would show actual lengths and slopes and not what 
appears in standard elevation and plan. 

Drawings for ducts should be drawn to scale 
showing actual views. They should also show 
development drawings for bends, cones etc., so that 
these can be made easily. 

Development drawings should be made when cross 
section is changed from round to rectangle and vice 
versa. 

43.16 Fabrication of Ductings 
Fabricating straight lengths of ducts is not a problem. 
Ducts are rolled on plate bending machine to required 
diameters using standard plate widths and plate lengths. 
Straight lengths will be made quantity wise, slightly 
more than the required lengths to allow for any 
deviations at site in actual construction. 
See Fig. 43.36. 

Flanges would be made in pairs, one supplied fixed 
other loose to be matched and welded at site. Ducts 
will be subject to negative or positive pressure 
according to the process requirements. The duct 
carrying preheater gases for example would be subject 
to -500 to -600 mm draft. This duct therefore needs 
to be reinforced at regular intervals by welding rings 
of angles around it to prevent collapse by 'implosion' 
which is reverse of explosion. 
See Fig. 43.37. 

Flanged joints should be minimum consistent with 
problems of handling / transport. 

It is best to machine flanges at least on sides facing 
each other so that joints can be made leak proof. 
Flanged joints are made leak proof by using asbestos 
rope 6 mm thick or more according to diameter of the 
pipe. Rope should be arranged as shown so that holes 
are inside. 
See Fig. 43.38. 
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1 Preheater 
2 Down comer duct 
3 Preheater fan 
4 Branch to G.C.T 
5 Branch to raw mill 
6G.C.T 
7E.S.P 
8 E.S.P fan 
9 Zero point 

Fig. 43.33 Ducting in kiln and ESP circuit zero point in system between P.H fan and ESP fan. 

Cooler 

Fig. 43.34 

Cooler 

Fig. 43.35 

Case a - 2 Fans 

Mill 

Case b -1 Fan 

Dust 
collector 

Bag Filter 

Total pressure drops in system remains same in cases a and b 
static pressure of fan F3 = sum of static pressure of fans F1 and F2 
Power consumption same except for leakage 
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. ' w Welded 
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1 Length of ducting 
2 Pair of flange one welded to ducting 

other supplied loose 

Section rolled in plate widths & welded 
flanges made in pairs 

w - Standard plate width L - Total length of pipe 

Fig. 43.36 Fabricated ducts and pipes. 
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1 Pipe/duct 2 Angle ring 

../ Correct way of reinforcement duct spacing between 
reinforcement rings welded at 1 -1.5 meter intervals 

Fig. 43.37 Reinforcement of ducting against 
implosion-explosion. 

1 Flanges 

3 Bolt 

Asbestos rope 

Flange 

Holes 

2 Asbestos rope 

4 Washer 
5 Nut & locknut 

Fig. 43.38 

Note: Bolt inserted from bellow 

Sealing at flanges to prevent 
in leakage with asbestos rope. 

It is practical and time saving to weld one flange 
and supply the matching flange of the pair loose. This 
can be welded at site after erection or assembly. This 
saves considerable time. It is particularly useful when 
duct changes direction . 

When a duct changes direction it is better to keep 
a small straight portion for joining flanges. 
See Fig. 43.39 

1 Flange welded 

* Other flange aligned 
and welded at site 

x 

Join pipes at angle with 
short straight length 

Fig. 43.39 Joining of ducts. 

Holes should always be drilled and not gas cut. Bolt 
lengths should allow for flange thickness plus asbestos 
packing plus 2 nuts and washers. 

In assembling bolts are fitted as shown with nuts at 
top so that if a nut drops off, bolt also drops off. 
See Fig. 43.38. 

When flanges are drilled on machine as pairs, there 
should not be any difficulty in holes matching. Even 
then there should be a practical tolerance between 
bolts and bolt hole as per norms laid down. 
See Fig. 43.38 

It is difficult to change or modify a bend at site. 
Hence bends and cones should be made carefully. 

It may be a good idea to tack weld the bends, fit up 
the ducting and then complete the welding. 

As has been mentioned earlier, cross sections must 
change according to volumes to conveyed. 

Round ducts are easy to make and are mechanically 
strong. Rectangular ducts have more welding work 
and need to be reinforced. 
See Figs. 43.40 and 43.41. 
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ViewM 

Fig. 43.40 Rectangular ducting - with varying cross sections - say for air conditioning. 

[OJ 
Angle welded for reinforcement 

Fig. 43.41 Rectangular ducting reinforced. 

43.17 Insulation and Lagging 
Ducts carrying hot gases at temperatures up to 
350 DC are made in m.s. It is necessary to prevent 
drop in temperature when gases are to be used for 
drying. Therefore, such ducts are insulated and lagged 
to conserve heat. When ducts I pipes are required to 
be insulated and lagged, to conserve heat and 
temperature, they need to be welded with lugs to hold 
insulating mats and for fixing aluminum cladding. 

The details should be obtained from agencies doing 
insulation and should be shown in drawing of ducting 
though actual welding of lugs would be carried out at 
site. 
See Fig. 43.42. 

43.18 Refractory Lining 
When temperature of gases is so high that m.s. cannot 
stand it (> 400 DC) the ducting is lined with refractory 
lining. Examples are ducts between preheater cyclones, 

Reinforcement by forming of plate 

Fig. 43.42 

2 1 Aluminium cladding 

2 

4 

2 Insulating material 
like glass or roekwool 

3 Duct carrying hot gas 

4 Lugs welded to dueting 
to fix mats of insulating 
material 

Insulating and cladding of ducting. 
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LXXXI 
Brick Insulating block 

1 MS duct 2 Lining 

3 Lintels fixed at intervals to support bricks 
in vertical ducts 

Fig. 43.43 Refractory lining of a duct. 

3 

hot air duct between cooler and calciner, calciner itself, 
which is also a kind of duct between kiln and cyclones. 
Kiln is also a duct in a way. 

This refractory can be brick or castable or 
combination of both. It can be refractory with a backing 
of insulating bricks or blocks. 
See Fig. 43.43. 

When ducts are so lined, reference is always to 
clear diameter / dimensions inside oflining. Fabrication 
drawings of ducts should take note of this. M.S. ducts 
will be so much bigger in size. 

Weight of lining considerably increases weight of 
ducting which should be taken into account in designing 
supports. 

43.19 Explosion Flaps 
In coal mill circuit, there is a possibility of explosion. 
In these ducts provision will be kept for 'explosion 
flaps'; should pressure build up, flaps will open to 
release pressure and protect the duct. 
See Fig. 53.19 in Chapter 53 on safety. 



1. Definitions 

Velocity head = 

where 

V = 

g = 

V2/2g 

Annexure 1 

Calculating pressure loss in ductings 
Calculating Velocity Pressure 

= Vh 

Velocity of gas in a duct in rn/ sec. 

gravitational acceleration = 19.63 rn/sec2 
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2. If Q = Volume of gas flowing in metres per second, a duct of diameter 'D' metres, 

A area of duct in sq. ms = 0.785 x D2 

V Velocity = Q/ A metres per second 

3. Velocity Pressure = V p = Velocity head x density in mmwg. 

= Vhx d 

where d = density of gas lair in kg / m3 

4. It is therefore necessary to find out actual density of gas flowing through the duct. 

Density d is inversely proportional to temp. and barometric pressure 

Density d at temp. t DC = dn x 273 / (273 + t); dn = density at normal temp. and pressure. (NTP = 0 DC 
and barometric pressure at sea level.) 

Density d at 500 m altitude = dn x Pa at 500 m altitude in mmhg or wg / 760 hg or 10335 mmwg 

Barometric pressure at sea level is 760 mmhg or 10335 mmwg 

5. When both temp. and actual pessure (draft) differ from normal conditions, actual density is obtained by 
multiplying dn by above mentioned factors on account of temp. and pressure. Thus for temp. t and barometric 

pro Pa' 

d = dn x (273/[273 + t]) x p/10335 when Pa is in mms. 

barometrc pressure Pa = 10335 X (l-0.0000226H)5.255 in mmwg where H = altitude of place in metres. 

6. When system is under suction, then actual pressure is less than atmospheric 

If suction or draft is 400 mm, and barometric pressure is 9900 mmwg, then actual pressure for applying 
correction factor = (9900-400)=9500 and correction factor is 9500/10335 = 0.92 

If volume through the system is expressed in normal m3 then it would have to be converted into actual 
volume by applying similar correction factors for temp. and pressure ( actually reciprocals of above factors). 

Qn = volume in nm3 / sec at 300 DC and draft is 400 mm and barometric pressure is 9900 mm wg, then 
correcting factors together would be 

Q = Volume under actual conditions 

= Qn x { ( 273 + 300)/273 } x {10335/(9900-400)} 

= Qn x 2.098 x 1.087 = Qn x 2.28 

7. If gas flowing is air, its density under ntp conditions is 1.29 kg/m3. Under actual conditions it would be 
1.29 x 112.28 = 0.565 
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8. If velocity through duct is 18 m/sec, 

velocity head = 182/19.63 = 16.51 

and velocity pressure in rnm wg = 16.51 x 0.565 = 9.328 

9. For speeding up calculations of Velocity pressures, following graphs are attached which help direct 
computation 

Figs. 43 Anex 1.1 and 1.2 barometric pressures at different altitudes 

Figs. 43 Anex 1.3 and 1.4 density correction factors for altitude 

Figs. 43 Anex 1.5 and 1.6 density of air at different temperatures 

Figs. 43 Anex 1.7 and 1.8 velocity pressure for different velocities 

when density is 1 kg/m3 

For other gases their densities under NTP conditions would have to be taken and 

Expressed in terms of density of air under NTP viz 1.29 

For example if density of exhaust gas is 1.34 kg/nm3 then to work out its density at different temparatures 
a multiplier would have to be applied to corresponding densities of air. 

1.34 11.29 = 1.038. Density at sea level 

and at 100°C would be 0.945 x 1.038 = 0.981 

10. To read graphs 1.7 and 1.8 , actual density would have to be used as these graphs are for a density of lkg/m3. 

11. Graph 43 anex 1.8 shows Vp for a velocity of 20 m/sec as 20.4. If density is 0.565, 

then velocity pressure would be 20.4 x 0.565 = 11.53 mmwg. 

12. Calculation of pressure loss once Velocity pressure has been worked out has been shown in Anex 2. 
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Fig. 43 Anex1. 1 Barometric pressures at different altitudes. 
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Fig. 43 Anex1. 2 Barometric pressure at different altitudes. 
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Fig. 43 Anex1. 3 Density correction factors for different barometric pressures. 
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Fig. 43 Anex1. 4 Density correction factor/Barometric pressure. 
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Barometric pressure = 760 mm Hg. 

Note : For any other barometric pressure 
multify density by the ratio of actual 
barometric pressure & 760 mm Hg. 

ego at 80 °C and 730 mm Hg, Bar Pro density of air 

P = 1.005 x 730 Kg/m 3 

760 

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

Temperature "C -

Fig. 43 Anex1. 5 Air Density at different temperatures at sea leval. 
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Fig. 43 Anex1. 6 Air density at different temperatures. 
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Fig. 43 Anex1. 7 Velocity pressures at duct velocities. 
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Fig. 43 Anex1. 8 Velocity pressures at different velocities. 



Annexure 2 
Losses in Ductings 
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1. There are three types of losses when gases (also dust laden) flow through a system of ducts and pipes. 

They are: 

1 Lift loss - when material is lifted from one level to another. 

2 Acceleration loss - when material is introduced in a ducting and attains velocity of carrying gases. 

3 Friction loss due to flow of gases (also dust laden) in ducts. 

2. Lift loss: 

Let vertical lift = L metres. 

W m = Weight of material being lifted 

Wa = Weight of air (gas) lifting the material 

K = a constant = density of water/ density of air under operating conditions. 

Density of water =1 

Density of air at NTP = 1.29 kg/m3 

Kat NTP = 111.29 = 0.775 

Lift loss in mmwg =( W mIW a) X L / K 

Let WmIWa = R 

Then, lift loss = R x L /K 

3. Acceleration loss 

This happens when material enters a pipe like in case of a coal firing pipe. Material is to be accelerated to 
the velocity of air. In horizontal runs, velocities of material and air would finally be the same. 

By law of momentum, 

mlvl+m2v2=MY 

ml and m2 are masses of material and air per unit time. 

vI and v2 are their respective initial velocities. 

M = ml+m2and 

Y = final velocity of air and material 

g = acceleration due to gravity. 

W = wt. of material = mIx g m 

Wa = wt. of air = m2 x g 

Energy required to accelerate material = W m X y2/2g 

Energy lost per unit weight of air = (W mIW) x y2/2g 

This acceleration loss expressed in mrnwg = R x y 2 / 2g = R x Y PA 

where R = W mIW a and Y PA = Velocity pressure of air 
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4 Friction loss 

Pressure loss in straight duct (round) expressed in mms. wg = 13.866 X y2 x L x f I (d x v x T) 

where, 

y= velocity in duct in m I sec. 

f = coeff. of friction for steel which can be taken roughly as 0.018 

L = length of duct in metres including developed bends 

d = diameter of duct in metres 

v = sp. volume of air in m3/kg, corrected for altitude and temperatures. 

T = absolute temp. of air in Kelvin 

For rectangular ducts diameter of equivalent round duct is found 

If a and b are two sides of a rectangular duct, then dia d of equivalent round duct = 2a x bl ( a + b) 

Besides losses in straight portions losses also occur in bends which very much depend on type of bend, 
construction of bend, ratio of radius of bend to diameter of duct. This will be dealt with in annex 3 

Examples 

1 Lift loss 

material carried 50 tons per hour 

raw meal, bulk density 

lift 60 metres 

air I material ratio 50: I 

quantity of air : 3000 m3 Ihr 

velocity in conveying pipe::::: 18 m Isec. 

dia meter of pipe::::: 250 mm 

altitude: sea level 

temperature of conveying air 70 °C 

Weight of air Wa = 3078 kglhr 

Weight of material = Wm = 50000 kglhr 

R = 50000/3078 =16.24 

Density of air at 70°C and sea level = l.026 kg/m3 

K = 111.026 = 0.974 

Therefore lift loss in mm wg = 16.24 x 60/0.974 = 1000 mmwg. 

2 Acceleration loss 

material coal; calorific value 4300 kcal/kg. 

rate of feed 5 tph = 5000 kg Ihr 

air for combustion for this coal including 10 % excess air = 5.32 nm3/kg 

primary air at 15 % = 0.8 nm3 kg coal = 4000 nm3 Ihr 

let temp.of primary air be 35°C and altitude at site sea level 

density of air at this temp. = 1.14 kg/m3 

weight of air Ihr = 5160 kg / hr. 

volume of this air = 4512 m3lhr. 



dia. of coal firing pipe from p.a. fan = 300 mm ; velocity of air in it = 16 m/sec. 

Let dia, of pipe where coal is introduced in ventury = 150 mm 

Velocity of air in this section = 71 m/sec. 

Let initial vel. of coal = O. 

Applying principle of momentum, 

5000 x 0 + 5160 x 71 = 10160 x vr 

therefore vr = 36 m/sec. 

W mlWa = 5000/5160 = 0.97 

Velocity head at 36 m/sec = 66 

Density of coal dust laden air at 35°C = (5000+5160)/(4512+ 62) = 2.22 

Velocity pressure = 66 x 2.22 =146.54 

Pressure loss = (W m IW a) X 16.54 = 0.97 x 146.54 = 142 mm 

3 Loss due to friction 

length of pipe = 100 m in terms of straight equivalent length 

volume of air flowing through it = 300 m3/min. 

let velocity through pipe = 20 m/ sec. 

diameter of pipe = 0.564 m. 

Temp of air. = 100°C. ; altitude 300 m 

Sp. Volume of air at 100°C and altitude = 1.097 m3 /kg 

Coeff. of friction for this velocity and diameter of pipe = 0.018 

Putting the values in the equation for friction loss 
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Loss in mms of water = 13.86 x (20)2 x 100 x 0.018 1 (0.564 x 1.097 x 373) = 43 mms 

friction loss could also be obtained using a chart or nomogram. See chart attached 

See Fig. 43 Anex 2.1 and 43 Anex 2.2. 

and Annexure 4 

Velocity head at 20 m/sec = 20.38 

Density at 100°C and altitude 300 m = 0.912 kg/m3 

velocity pressure = 18.59 

Chart furnishes mUltiplying factor for these flow conditions = 0.85 

Pressure loss in a pipe of 100 m length = 18.59 x 0.85 x 3.28 = 51.85 mms 

As compared to the pressure drop of 43 mms calculated from formula above. 
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Annexure 3 

'K' Factors to calculate Pressure loss in Ducts and Bends of different configurations 

1. A system of ducts often consists of bends, branches and changes of Cross sections-

sudden or gradual which cause formation of 'eddies' that result in loss of pressure more than what would 
have been in a straight duct of uniform cross section. 

2. A convenient way to approximate the pressure loss is to use mUltiplying factors to the velocity pressure. 
Such multipliers are known as 'k' factors. 

In Figs. 43 Anex 3.1 to 3.23 'k' factors for various types of bends and for changes in cross sections etc., 
have been shown. 

3. Following example illustrates how to use the k factors. 

A round duct is carrying air with a velocity pressure of 30 mmwg. 

The system has a bend as shown in Fig. 43 Anex 3.9 

Let angle of bend be 30° 

Pressure drop in the bend will be K x VP 

K x 30mmwg 

For 30° bend of circular cross section, K = 0.218 

. . pro Loss in bend = 6.54 mm. 

4. This procedure is used to work out total pro loss in the main duct and branches. The maximum pressure loss 
thus arrived at is used to arrive at static pressure of the fan in the system. 
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t Straight portion = W/4 Long 

Values for 'K' 
Circular 'K' = 0.9 Rectangular 'K' = 1.25 

Rectangular with splitters K = O.B 

Fig. 43 Anex 3.1 
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Straight portion = W/4 Long 

Rectangular 'K' = 1.0 with air splitters 'K' = 0.65 

Air splitters 

Fig. 43 Anex 3.2 
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Rectangular 'K' = 0.24 
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Straight portion = W/B Long 

w 
( 

6W 
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Fig. 43 Anex 3.3 
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':NIB 
Guide of aerofoil section 

W/12 

r---~~--------~ 

t 

lJ 

-
r= 1-W 

5 

Square 
duct - K = 0.11 

Fig. 43 Anex 3.4 

Values for 'K' 

K 
i I I 

~ Circular Rectangular 

1.0 0.7 
1.5 0.26 
2.0 0.1B 
3.0 0.10 
4.0 0.09 
1.0 
1.5 

Fig. 43 Anex 3.5 

Fig. 43 Anex 3.6 

0.9 
0.19 
0.11 
0.07 
0.06 
0.62} with 
0.13 splitters 

~ Circular - K 

1.0 O.B 
1.5 0.34 
2.0 0.21 
3.0 0.127 
4.0 0.10B 

'K' factor for various bends, reducers and junctions. 
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~ Circular- K .. 
1.0 0.87 
1.5 0.39 
2.0 0.25 
3.0 0.15 
4.0 0.125 
5.0 0.105 
6.0 0.09 

- -------------

Fig. 43 Anex 3.7 

R=lw 2 

Square comer K = 1.0 
Round corner K = 0.6 

Referred to mean velocity 

Fig. 43 Anex 3.8 

Values for 'K' 
K 
I , I 

e Circular Rectangular 

10° 0.026 0.037 
20° 0.102 0.146 
30° 0.218 0.310 
45° 0.435 0.625 
60° 0.652 0.940 

Fig. 43 Anex 3.9 

K - Referred to velocity at 0 

Fig. 43 Anex 3.12 

'K' factor for various bends, reducers and junctions. 

Based on velocity in branch 

Fig. 43 Anex 3.10 

plate 

A B 

Circular K = 0.87 0.48 

Rectangular K = 0.70 0.70 

Fig. 43 Anex 3.11 

Wire guard - 2" mesh 
K = 0.25 

Cone without guard 

K 
I , I 

e Circular Rectangular 

10° 0.42 0.53 
20· 0.30 0.38 
30° 0.24 0.31 
45° 0.20 0.29 
60· 0.29 0.39 

e K 

10° 0.06 
20° 0.12 

30° 0.18 

45° 0.22 

60° 0.44 
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Hv taken at Af 

Values for 'K' 

Angle Circular Rectangular 
e f f 
4° 
5° 
l' 
10· 
15" 

22.5° 
30· 
45" 

Fig. 43 Anex 3.13 

0.11 
0.13 
0.17 
0.26 
0.42 
0.63 
0.77 
0.90 

0.13 
0.14 
0.21 
0.35 
0.53 
0.72 
0.83 
0.92 
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--B----+=-3--- K=2to3 

Free area of grilles K 
Area of duct 

A 0.75 2.6 
B 1.00 1.5 
B 1.50 0.85 

Grilles or registeres 

Fig. 43 Anex 3.14 

2Dmin 

r --"''-------.. ...---r---....;.-~ 

" 

Branch entry loss assumed to occur in branch only 

Fig. 43 Anex 3.16 

Fig. 43 Anex 3.15 

e K 
10· 0.06 
15° 0.09 
20° 0.12 
25· 0.15 
30· 0.18 
35· 0.21 
40· 0.25 
45° 0.28 
50° 0.32 
60" 0.44 
90· 1.00 

Values for 'K' 

Ji 
D 

0.25 
1.00 
1.25 

Fig. 43 Anex 3.17 

'K' factor for various bends, reducers and junctions. 

K 

0.15 
0.05 
0.03 
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) ~I..--------, 

< t---~---=:-- ] 
( 

Hv taken at A2 

Fig. 43 Anex 3.18 

Circular K = 0.48 
Rectangular K = 0.70 

A1 
A2 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 

K 

0.48 
0.46 
0.42 
0.37 
0.32 
0.26 
0.20 

[f---3::3j 
e K 
2d' 0.023 
25' 0.040 
30° 0.060 

{~=-----~~' ~--=-(--- --~ ~ 
Hv taken at A 1 

Hv taken at A2 
A1 K 
A2 
2 0.25 

Fig. 43 Anex 3.19 3 0.44 
4 0.56 
5 0.64 

Fig. 43 Anex 3.20 

2D Values for 'K' 

g I H K 
~~ 1.00 D 0.10 

g '~!v:=r 0.75 D 0.18 
0.70 D 0.22 
0.65 D 0.30 
0.60 D 0.41 

I 0.55D 0.56 
0.50D 0.73 

hf= Khv 0.45 D 1.00 
Weather cap loss 

Fig. 43 Anex 3.21 

'K' factor for various bends, reducers and junctions. 
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Loss in inches of wg = K ;V 
Straight duct 

2 
sec 

Fig. 43 Anex 3.22 

A~1 _-----,A2 

Transition piece 

Fig. 43 Anex 3.23 

'K' factor for various bends, reducers and junctions. 
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S = Surface area rubbed in ft2 
= 1t 0 L circular 
= A x B x L Rectangular 

Din ft 
A = Area of cross sec. inch

2 

V = Velocity ftlsec 

K = 0.00018 

f= 0.3 hf= K hv 

Hv taken at Af 
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Sr.No. velocity 
mlsec 

1 10 

2 15 

3 18 

4 20 

5 25 

6 30 

Annexure 4 

Chart for multiplying factor to calculate 
Pressure loss in a duct due to friction 

Gas flow rn3/min 
20 40 60 100 400 1000 2000 

10.168 6.89 5.904 4.264 1.673 0.954 0.62 

12.464 8.528 6.89 4.92 2.034 1.181 0.754 

14.104 9.184 7.144 5.576 2.23 1.246 0.813 

14.43 9.512 8.036 5.904 2.296 1.312 0.886 

16.4 10.824 8.856 6.232 2.624 1.509 1.017 

18.7 12.136 9.512 6.89 2.257 1.64 1.115 

3000 

0.46 

0.56 

0.59 

0.64 

0.722 

0.787 

Pro loss in mmwg thus arrived at is for a length of 100 metres. Aetuallength of dueting 
should be substituted for pressure drop in it. 



CHAPTER 44 

44.1 Chimneys 
Final exit of exhaust gases to atmosphere is through 
chimneys. 

Each dust collector, bag filter or cyclone or esp 
would normally have its own chimney. 

One common chimney could be used to vent gases 
from two streams or two production lines. It should be 
sized accordingly: 

Main function of a chimney is to let out exhaust 
with the dust they carry, into atmosphere. 

Height of a chimney has assumed special 
significance from pollution control angle. Pollution 
Control Boards have devised a formula to calculate 
height of a chimney according to the dust content in 
the exhaust gases. 

44.2 Natural Draught Chimneys 
Natural draught chimneys are now rare but used to be 
common some decades back even on large boilers or 
grate coolers. 

Height of chimney and temperature differential 
between ambient and that of gases passing through 
them determine the draught in the chimney that pulled 
gases through the system and exhausted them out. Taller 
the chimney higher the draught. 

Natural draught chimneys used to be made in brick 
and were self-supporting. 

44.3 Forced Draught Chimneys 
Now most chimneys would be forced draught. In 
cement plants chimneys are made in steel. They could 
be made in concrete also. 
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CHIMNEYS 

44.4 Height of a Chimney 
Effective height of a chimney is measured from point 
of entry of exhaust gases to the top. 

Height H of a chimney is calculated by the following 
formula furnished by Pollution Control Boards for 
Cement Industry (in India) 

H = 74 X (Q)O.27 

where H = minimum height of chimney in metres 
and Q = particulate emissions in tph. 

Minimum height recommended is 30 metres. 

Quantity of dust emitted is calculated by multiplying 
gas volume by dust burden in it for any specified period. 

For example: In case of a 3000 tpd plant, 

With a sp. gas volume of 1.7 nm3/kg clinker, exhaust 
gases in direct operation of kiln section 

= 212500 nm3/hr. 

Let permissible dust burden in cleaned gases 

be 110 mgmlnm3. 

Dust emitted per hour 

Q = 110 x 212500 mglhr. 

= 0.023 t.p.h. 

Therefore using above formula, H = 26.3 metres. 

With bag filters and electro static filters that are 
commonly used for cleaning exhaust and vent gases, 
heights of chimneys even in case of major exhausts 
like kiln/raw mill and cooler, heights will work out to 
less than 30 metres using this formula. 

Taller the chimney greater the area of dispersion 
of the emitted dust over the surroundings. Thus it helps 
to maintain clean ambient air standards. 
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Height Dia Area of Dust 
of chimney of spread of spread concentration 

h1 d1 1t/4 d1
2 

k. Q/d1
2 

h2 d2 1t/4 d2
2 

k. Q/d2
2 

h3 d3 1t/4 d3
2 

k. Qld3
2 

Q is dust exhausted from chimney in tph 
Dust concentration varies inversely to area of spread 

k = constant 

Fig. 44.1 Height of chimney helps disperse dust particles over wide areas. 

3 

h 3 1 Self supporting chimney 
2 Chimney supported along building 
3 Supports to take wt. of chimney 

at various floors of building 

h Effective height 

Fig. 44.2 Chimneys - self supporting and supported along bulding. 

Therefore it is advantageous to install tall chimneys
- at least 50 m for kiln and cooler gases regardless of 
heights worked out by formulae. 
See Fig. 44.1. 

In a cement plant, large volumes of exhaust gases 
are in kiln, cooler and raw mill sections. These chimneys 
are large in diameter. Others are comparatively small. 

44.5 Location 
Whenever possible a chimney should be located near 
tall buildings like a preheater tower. It can then be 
supported from floors of the buildings on brackets. 
See Fig. 44.2. 

When this is not possible, a chimney must be 
supported on its foundations. They are self supporting 
when standing alone far away from a building structure 
See Fig 44.2. 

For small volumes of gases chimneys could be small 
and can be installed either at ground level or on a floor 
in the building wherever the fan would be located. 
See Fig. 44.3. 

Very small chimneys can be mounted on fan outlet 
itself. 

Vibrations of fans would be transferred to chimneys 
where ducts from fans join chimneys. Expansion joint 
should be installed in these connecting ducts to avoid 
this from happening. 

44.6 Design of Chimney and its 
Foundation 

Tall self supporting chimneys and their foundations 
have to be designed carefully. They should withstand 
wind loads, which are highest at the tallest point; 
seismic factors are also to be considered. 



B 
A-Chimney within building B-Chimney outside building 

1 Building 2 Chimney 
3 Fan 4 Cantilever support for chimney 

Fig. 44.3 

h = 5 meters 

Small chimneys starting at higher 
floor levels. 

It is customary to weld a spiral strip along the outer 
surface of chimney for about one third of its height 
from top to break wind. 

See Fig. 44.4. 

Fig. 44.4 

3 

1 Chimney 
2 Strip of angle I flat welded 

in a spiral for top 
10-15 meters 

3 Lightning arrester 
4 Earthing 

Chimney arrangement to break wind 
velocity and lightning arresters. 

Chimneys will tend to sway in winds. The design 
should keep this swaying within limits. Taller the 
chimney greater the swaying. The plumb must fall 
within narrow limits of the base at all times. 
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If it is the tallest structure in the plant, then a 
chimney should be fitted with a lightning arrester (It 
would be a good idea to install a lightning arrester even 
otherwise). 
See Fig. 44.4. 

Blinking lights should also be fitted on a tall chimney 
or for that matter on the tallest structure of the plant. 

When located alongside a building, chimneys should 
project well above the working floor, above the 
machine / ducting in the vicinity. This is particularly 
so when temperature of gases is high 80-100 °C and 
above. "h" should not be less than 5 m. This precaution 
will prevent injury to workers. 
See Fig. 44.5. 

1 Top cyclones of preheater 
2 Down comer duct 3 Chimney for kiln 

h - Height of chimney above ducting H = 5 m or more 

Fig. 44.5 Height of chimney above cyclone/ 
ducts for safety reasons. 

This is particularly so for very hot gases like kiln 
preheater exhausts (100°C in combined and 250 to 
350 °C in direct operation) and Cooler exhaust gases 
(150-300 °C). 

44.7 Measurement of Dust Emission 
For major chimneys like those for kiln, cooler, coal 
mill, cement mill and boilers provision should be made 
to measure dust content in exhaust gases. 

Earlier, dust measurements were taken occasionally 
as and when required. A measuring point to draw out 



452 Section 6. LAYOUTS AND DETAILED ENGINEERING 

A 

6 
.~=t&rm7 

"7JIIl2M:::t+-""t-...... 4 

B 
Self supporting chimney Chimney supported from building 

d Diameter of chimney 

1 Chimney 
2 Entry from fan 
3 Dust measuring points 
4 Platform for measurement 
5 Stairs to reach platform 
6 Building 
7 Support for chimney 

h Distance between gas entry & dust measurement pOint = 8 -10 d 

Fig. 44.6 Provision for measuring and monitoring dust emission. 

gases and the dust measuring apparatus (which 
measured gas volume, precipitated and measured dust 
in it) was used. Power point is also required to be 
provided. A working platform was necessary and also 
a service ladder to reach it. 

If the chimney were near a building the access to 
the platform could be from one of the floors. 
See Fig. 44.6. 

I I I I 

I~I 

3 
~r--~ 

Now dust emission is monitored continuously with 
opacity meters and the dust content in exhaust 
measured in mglnm3 can be read at all times / recorded 
on control panel. 

1 Chimney without canopy 2 Chimney with canopy 

44.8 Construction 
Chimneys can be fitted with canopies to spread out 
dust gases and to prevent rain water entering them. 

However, canopies could result in precipitation in a 
smaller radius. 

Hence they would be fitted on small chimneys only. 
See Fig. 44.7. 

There should be a manhole / access door at bottom 
to clean out dust collected inside. 
See Fig. 44.8. 

As most of the chimneys would be out exposed to 
sun, wind and rain, and gases passing through them 
contain moisture, the ducting and chimney should be 
protected against corrosion with great care compared 

3 Dust plume 4 Rain 

Fig. 44.7 Canopies on chimneys. 

4 

A 8 
A Self supporting chimney 
B Chimney supported from building 

1 Chimney 2 Manhole for cleaning 
3 Hopper bottom with door for cleaning 
4 Trolley for collecting dust 

Fig. 44.8 Cleaning dust settled at bottom 
of chimney. 
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2 
Monkey ladder 

1 
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1 Chimney 
2 Monkey ladder 
3 Platform at regular intervals 

4 Hand railing 
5 Plate firmly fixed 

5 

Platform 

500-600 mm wide 

Monkey ladder 

Platform need not be all round the chimney 

Fig. 44.9 Reaching top of stand alone chimney. 

to other ducting. Base coat can be red oxide with one 
or more surface coats. Ideal would be a coat of 
aluminum paint. Protection with paint is important as 
once erected chimney is not easily accessible to 
maintain, or to paint again. 

May be tall stand alone chimneys should have a 
monkey ladder with platforms at suitable levels for 
reaching to the top. 

This certainly would add to weight and cost of 
chimney but would be a great convenience even though 
it would be required to be used once in a long while. 

The monkey ladder must have a protective loops 
on outside for safety. Platforms must have strong hand 
railings and chequered plates securely fixed. 
See Fig. 44.9. 

Chimneys near building could be reached from 
several floors of the building. 



CHAPTER 45 

PIPE LINES AND SUPPORTS FOR COMPRESSED 
AIR AND PNEUMATIC CONVEYING PIPE LINES 

45.1 Pipelines 
Pipes are used to convey compressed air, pulverized 
materials like raw meal, coal, cement and fly ash 
pneumatically. They are also used to carry cooling 
water and lubricating oils for lubricating machinery. 

45.2 Pipe Lines for Compressed 
Air and Pulverized Materials 

Pulverised materials like raw meal, coal, cement and 
fly ash are conveyed pneumatically in pipe lines. There 
are many types of pneumatic conveying systems. 
Prominent among them are: 

F.K.Pumps. 

Airlifts. 

Other dense / lean phase conveying systems. 

All pneumatic conveying systems need compressors 
or blowers to supply compressed air and also pipe lines 
to convey the material pneumatically. 

Pipe lines for compressed air and pneumatic 
conveying will be either seamless steel pipes or ERW 
pipes capable of withstanding pressures ranging from 
0.5 kg/cm2 to 7 kg/cm2. 

Requirements of compressed air for any particular 
application is dependent on: 

(i) system used, 

(li) material conveyed and its fineness, 

(iii) distance conveyed including horizontal and 
vertical lengths, 

(iv) bends their number, radii, 

(v) fixtures like diverting valves in the pipe line for 
multi points of discharge. 
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Suppliers or designers of pneumatic conveying 
system would furnish requirement of conveying air 
which is expressed in fad (free air delivered) and also 
line pressure. They would also recommend size of 
pipeline appropriate to conveying velocity. 

Some systems like FK Pumps and Fluxo Pumps 
convey over long distances both horizontally and 
vertically. Systems like Air lifts convey only vertically. 

45.3 Use of Compressed Air 
Compressed air supply for different systems has been 
shown schematically in Fig. 45.1. It is based on using 
reciprocating or opposed piston compressor. Hence a 
receiver has been shown in the line. When rotary 
compressor or roots blowers are used, receiver may 
not be necessary. 

Compressors and blowers can be individual
dedicated hence located near point of usage or there 
can be a bank located in a conveniently central place. 

In the first case, pipelines are short and direct. In 
the second they are long. 

45.4 L~yout of Pipe Lines 
Pipes come in standard sizes and lengths. They may 
have flanges at ends or may be threaded for joining 
several lengths together. 
See Fig. 45.2. 

45.4.1 Bends 
Pipe lines would have bends to change direction. 

Bends should have generous radii. Minimum radius 
should be 10 d where'd' is diameter of the pipeline. 
See Fig. 45.3. 
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Filter 

Compressor 

Fig. 45.1 

Fig. 45.2 

Receiver 

Dust collector 

To depts for use 
blending & aeration 

Compressed air for different applications. 

3 

6 1 
: 11111111I@illl : 

a 

To F.K. pump 

To air lift pump 

2 b 
a - Threaded ends & coupling 

r- r- 3 II'i 
VI 

'" 

6 1 2 b 
'-- '-

b 
b - Flange joint with packing 

JOining pipe lengths. 

1 
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1 Smooth bend 2 Fabricated bend 

Radius of bend = Minimum 10 d 

d = Diameter of pipe r = Radius of bend 

Ratio d/r decides pressure loss 

Smooth bends are made in pipe bending 
machines cold/hot 

Fig. 45.3 Bends of pipe lines. 

Where required wear back bends should be used. 
In the simplest fonn they would consist of channels 
welded to the pipe line bends and filled with concrete. 
See Fig. 45.4. 

If there are a number of bends, then total or longest 
conveying or pumping distance is arrived at by adding 
to straight length equivalent lengths of bends. For 
example one right angle bend could be equivalent to 
lOx diameter of the pipe line. Similarly diverting valves 
if installed are also converted into equivalent straight 
pipes. 

45.4.2 Expansion Joints 
For long pipe lines, there should be expansion joints 
which would permit expansion without damaging the 
pipe line. Where there are expansion joints in the pipe 
line there should be a working platfonn around the 
pipe line with an access to it servicing and 
maintenance. 

Dresser couplings are commonly used for this 
purpose. These should be inserted at suitable intervals. 
See Fig. 45.5. 

Pipe lines carrying material can choke if they are 
not cleaned out after stopping the flow of material and 
are started up after a long interval. 

Moisture in the material conveyed can also cause 
choking. The compressor or blower used to supply 
conveying air is sized to develop pressure 1-1.2 kg/cm2 
above the working pressure so that it is able to force 
air against higher resistance due to choking. 

2 q 

2 Channel 

Fig. 45.4 Wear back bends for pipe line carrying 
pulverised coal/raw material/cement. 

45.4.3 Removal of Chokes 
If choking is too frequent, it may be desirable to lay a 
compressed air pipe line along the conveying pipe line 
with nozzles at intervals to inject compressed air to 
clear the blockage. 
See Fig. 45.5. 

45.4.4 Horizontal and Vertical Pipe lines 
Vertical pipe lines would be supported along the column 
of a building or wall of the silo or on the support of a 
gantry. 
See Fig. 45.6. 

When laid horizontally at ground level it should be 
so laid that it does not get submerged in water. It would 
be better to install it in separate troughs, duly covered 
with slabs, which can be removed for maintenance. 
These slabs should take the weight of heavy vehicles 
passing over them. 
See Fig. 45.7. 

Alternatively cable trenches could be used to install 
the pipe line. 
See Fig. 45.8. 

45.5 Gantries for Pipe Lines 
Pipe lines could be installed along a mUltipurpose gantry 
i.e., a gantry which carries cables also. It will save 
expenditure on a separate gantry. However, the guiding 
principle in the layout of a pipe line is to keep it short, 
direct and with as few bends as possible. 
See Figs. 45.9 and 45.10. 



Fig. 45.5 

Fig. 45.6 

Fig. 45.7 
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:;>3 

Provisions to clear jams in pipe line conveying material. 

2 

Pipe lines along buidings and silos. 

Pipe lines at ground level. 

1 Pipeline conveying material 
2 Compressed air pipe line 
3 Valve 
4 Dresser couplings for expansion 
5 Gantry for supporting pipe line 

1 Building 
2 Silo 
3 Plate grouted in concrete 
4 Clamp 

1 Compressed air/material pipe line 
2 Drain 
3 Slab 
4 Heavy vehicle passing over trench 
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2 
1 Trestle 
2 Pipe lines 
3 Walkway 

Fig. 45.9 Gantries for pipelines of compressed air and conveying raw material/cemenVcoal. 

2 

1 Cables 2 Pipelines 3 Trench 

h - Adequate for a man to walk through 

Fig. 45.8 Pipeline in trench carrying cables. 

If a separate gantry cannot be avoided, the gantry 
should have a walkway for maintenance. It should be 
designed to take future pipe lines after expansion also. 
See Fig. 45.9. 

Pipe lines should be laid horizontally or vertically 
but not at an angle. 
See Figs. 45.6 and 45.11. 

45.6 Compressor House and 
Compressed Air Pipe Line 

Many a company prefers to install a central compressor 
house and convey compressed air to points of usage. 
The pipe lines for compressed air should also follow 
above principles of layout. 

The expansion of the pipe line can be provided by 
U bends. Advantage can be taken to discharge collected 
water by providing a blowout tap at the bottom of U 
bend. 
See Fig. 45.12. 

In case of long compressed air pipe lines 
arrangements should be made at point of usage also to 
remove water and oil through appropriate filters, and 
drain taps etc. 
See Fig. 45.13. 

45.7 
To enable Suppliers of pneumatic conveying equipment, 
to recommend the requirements of compressed air 
correctly, proposed routing of the pipeline should be 
furnished to them including drawings. 

Long pipe lines act as receivers and allowance 
needs to be made for it by enhancing capacity of 
compressor to be recommended. 
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Expedient route 

1 Mill 
2 Silo 
3 Available gantry for cables 
4 Additional bends 
5 Extra length due to detour 

A Ideal direct route 8 Expedient route to avail of existing gantry for support 

Fig. 45.10 
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Fig. 45.11 

Fig. 45.13 

Direct route with minimum bends preferred 

Routing of pipe line. 
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Pipelines for pneumatic conveying 
should be laid horizontally and 
vertically; not inclined. 

I 8 o 7 
If D 8 

4 

Storage silo 

5 

2 

1 Compressed air pipeline with U bend 

2 Support 3 Drain cock 

Fig. 45.12 U-bends for expansion and draining 
of condensed water in pipeline 

·8 
for compressed air. 

1 Lagged compressed air pipeline 
2 Water filter 
3 Oil filter 
4 Four-way cyclic valve 
5 Air to blending silo 
6 Central compressor house 
7 Receivers 
8 U-bend for expansion 
9 Silo 

Cleaning compressed air of oil and water at point of use. 



CHAPTER 46 

46.1 Oil Lubrication 
Most bearings would have oil sumps and ring lubrication. 
Rings fixed to shafts dip in oil sumps. Oil carried with 
them is scraped off and spread on journals. 

When the bearings are very large like in case of 
ball mills or when speeds are low, oil rings are fitted 

OIL LUBRICATION AND 
COOLING WATER SYSTEMS 

with buckets which lift oil and drop it into a tray with 5 
holes that spreads oil on journals. --L..->--<--'--...L-..l..--<--'----l 

See Figs. 46.1, 46.2 and 46.3. 

Oil in the bearing is water cooled. 
See Fig. 46.4. 

Oil circulation is required in case of bearings which 
are forced lubricated. That is oil is pumped on to 

Fig. 46.1 

4 

1 Oil sump 
3 Ring fixed on shaft 

2 

3 

2 Bearing 
4 Shaft 

Ring oil lubrication conunter 
shaft bush bearings. 
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1 Mill journal 

3 Buckets 
5 Oil sprayed on journal 

2 Ring fixed to journal 
4 Oil tray 

Fig. 46.2 Ring lubrication of main 
bearings of ball mill 

bearings and withdrawn from the bearings, taken to 
oil coolers and is filtered and pumped back. 
See Fig. 46.5. 

There would be a common circulation system for 
two bearings of a ball mill. 

Oil pipelines would be short. Oil filters, cooler and 
pumps together would be a self-contained unit. It should 
be located so that it does not come in the way. Cooling 
water pipeline to it can be taken from the pipeline 
supplying cooling water to bearings, compressors etc. 
See Fig. 46.6. 

Girth gear and pinion of mill and kilns are lubricated 
either by lubricating idlers or by forced lubrication 
system. 
See Figs. 46.7 and 46.8. 
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1 Kiln roller bearing 
2 Bush 

4 Bucket 
6 Thrust pad 

3 Ring 

5 Tray 
7 Oil sump 

Fig. 46.3 Lubrication of kiln bearings; oil lubrication of bronze / bush bearing. 
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011 sump Water cooled bearing 

1 Bearing housing 

3 Water pipe at inlet 
5 Oil sump 

2 White metalled bearing 

4 Water pipe at outlet 

Fig. 46.4 Water cooled bearings of a ball mill. 

46.2 Specifications of Lubricating System 
Machinery Suppliers would furnish recommendations 
for lubricants to be used and for forced lubrication 
system. 

There are specialist suppliers of oil and grease 
lubrication systems. 

When a number of bearings are lubricated from 
one point it is called a centralized lubrication system. 

Oil lubrication systems will be 'closed' in that oil 
will be used back after filtering and cooling it. 

Grease lubrication systems on the other hand would 
be 'open'. 

Presently lubrication is hardly ever done manually. 

Details of lubricating system and water cooling 
system for it should be obtained from Suppliers of 
machinery together with drawings. 

A separate layout showing pipe lines for oil and 
cooling water should be drawn for each department 
and the routes fixed and pipe line laid out as per this 
layout drawing. 

When pipe lines are planned in this way, they would 
be properly designed and laid out. Bills of materials 
could be prepared in details and pipes and fittings can 
be procured with some measure of accuracy; they can 
also be installed speedily. 

All pipe lines should be tested for leakages and leaks 
rectified. 

46.3 Cooling Water Systems 
Generally Cooling water systems are 'closed' systems. 

Cooling water will enter bearings, after coolers of 
compressors, blowers, etc., at a pressure recommended 
by the respective suppliers. They would leave bearings 
or compressors at atmospheric pressure. 
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Plan 

1 Ball mill 

3 Forced lubrication system unit 

5 Oil from bearings 
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2 Main r bea Ings 

4 Oil to bearings 

6 Water pipeline 
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Fig. 46.5 Forced lubrication system for main bearings of a ball mill (girth gear and pinion not shown). 

--;.. Inlet water under pressure and ambient temperature 

3 

--;.. Hot water to cooling pond 

Fig. 46.6 Layout of pipe lines for cooling water in a department. 

1,2 Mill bearings 

3 Gearbox 

4 Oil cooler 
5 Compressor 
6 After cooler 



1 Girth gear 

2 Pinion 

3 Gear casing 

4 Lubricating idler 

Fig. 46.7 Idler lubrication of girth gear on 
ball mill - similar for kiln also. 

1 Girth gear 
3 Gear casing 
5 Filter 
7 Cooling coils of water 

~-..... 9 

2 Pinion 
4 Oil sump 
6 Oil tank 
BOil pump 

9 Oil sprayed on gear and pinion 

Fig. 46.8 Forced lubrication of girth 
gear of ball mill. 

Cooling water pipelines should show at a convenient 
place in the system layout that water is actually flowing. 
This can be done simply by breaking the circuit or by 
inserting a glass window in the pipe line. 
See Fig. 46.9. 

Cooling water returned from different points in a 
department is collected through pipe lines and brought 
out in a bigger channel or pipe to be taken to the cooling 
pond. 
See Fig. 46.6. 

The return pipelines are therefore laid at suitable 
slopes to facilitate flow of water to the cooling pond. 
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From cooling pond, cooled water is sent to an 
overhead tank for recirculation. About 20 % of cooling 
water is lost by evaporation in the cooling pond and is 
made up by fresh water. The consumption of water 
on account of cooling is thus only 20 % of water in the 
system. 
See Figs. 46.6 and 46.10. 

46.4 Requirements of Cooling Water 
Requirements of cooing water for each machine in a 
department can be collected to size feeding and 
discharge pipe lines. 

Requirements of various departments are collected 
to arrive at total needs of the plant. 

Water circulation system can be designed from the 
overhead tank to individual departments step by step 
after ascertaining flow at every step. 

Return pipeline will be from the cooling pond to the 
over head tank. 

Make up water needs to replenish evaporated and 
lost water are arrived at and it is added in the cooling 
pond by a separate pipe line. 
See Figs. 46.10 and 46.11. 

Overall requirements of water are worked out by 
adding to make up water, water needed for other 
purposes. 

DG Sets would have their own cooling towers and 
fresh water would be supplied for make up purposes. 
See Fig. 46.12. 

When a plant has a 'Thermal Power Station' to 
supply captive power it wm need substantial quantities 
of water for generation of steam. After passing through 
turbines, steam condenses into water. 

There is a recirculation system here also. 

46.5 Water Supply System for Total Plant 
Overall water supply system for the total plant has 
been shown in Fig. 6.1 in Chapter 6 of Section 4. 

Pipe lines layouts should be worked out in 
consultation with departments like Civil Engineering 
and Electrical Engineering so that efforts are not 
duplicated, nor do they work against one another. 

Layout should be marked in the General Layout of 
the Plant. 
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Fig. 46.9 

Cooling water of 
bearing 

Water Hot oil 

! l 
1 4 

Cooled oil 

1 Incoming water pipeline 

2 Out going water pipeline 
3 Oil Cooler 
4 Tank holding oil 

0' i Glass window 

Cooling water pipe lines - provision to see continuity of water flow. 

I 1 

6 

1 to 4 Departments 

5 Cooling pond 

6 Pipes! drains taking hot water to cooling pond 

7 Pump 

I 3 

4 8 Perforated pipes to spray water for cooling 

9 Pump to O. H. tank 

Fig. 46.10 

Fig. 46.11 

10 Make up water 

Layout of hot water lines from various departments and cooling pond. 

6 7 
9 
Make up water 

\ 

Layout of pipe line from cooling pond to over head tank. 

1 Incoming hot water 
2 Cooling pond 
3 Pump for hot water 
4 Pipes with perforations 
5 Pump for cold water 
6 Pipeline to OH tank 

7 Over head tank 
8 Back to departments for cooling 
9 Make up water 
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4 Cold water 

Fig. 46.12 Cooling water circuit for D.G. set. 

46.5.1 Pipe Lines for Main Water Supply 
Pipe lines will be installed to bring in water from main 
pumping station in river bed or from bore wells to the 
plant for processing like water treatment. Water will 
be first taken to a water tank at ground level. It will be 
chemically treated for softening it for spraying it in 
gas conditioning towers and for cooling purposes. 
See Fig. 6.1 in Chapter 6 of Section 4. 

There could be overhead tanks in the plant and also 
in crusher, in quarries and in colony. 

Water would be conveyed in large diameter pipe 
lines made of CI Spun pipes or ms pipes with concrete 
coating or concrete pipes. 

Such large and heavy pipes will be laid at ground 
level either above or below ground suitably supported 
at suitable intervals. 
See Figs. 46.13 to 46.15. 
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1 D. G. set diesel engine 
2 Cooling tower 
3 Hot water pumped to cooling tower 

4 Pumps to take cooled water to diesel engine 
5 Make up water 

3 

-1 2 

__ -Ie 1-;) __ 

1 2 

c 
4 

1,2 Pipeline 3 Threaded coupling 

4 Flanged jOint with gasket 

Fig. 46.13 Water pipelines. 
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Fig. 46.14 Large cast / spun and welded pipelines for water. 

3 

Fig. 46.15 Pipelines in trough or in open. 

5 

1 ,2 Spun I cast pipes 
3 Dove tailing joint 

4 Support for pipeline 

5 Welded pipeline 

1 Pipeline in a covered trough 

2 Pipeline in open on supports 

3 Slab over trough 
4 Support 

4\ 
~ 



CHAPTER 47 

47.1 Bed Plates 
Bed Plates are frames on which machines, motors and 
gear boxes etc., are fixed. In turn bed plates are 
installed and grouted on foundations. 

Sometimes of course a machine can be installed 
straight on foundations without a bed plate. 

Alignment of a machine is greatly facilitated by 
using bed plates. Some bed plates have machined 
surfaces for installing the machines. Others have raised 
pads which are machined. 

47.1.1 Kiln Bed Plates 
Kiln bed plates on which are fixed roller bearings, are 
large in size and support heavy weights. They are 
therefore to be designed to sustain heavy weights and 
forces arising out of operation of the kiln. 

Each kiln bed plate supports 4 rollers bearings. One 
of the bed plates will also support thrust roller bearings. 

BED PLATES 

All these would have to be installed at an angle 
corresponding to the slope of the kiln. A common bed 
plate to support all these with machined surface greatly 
helps alignment of the kiln. 

47.2 
A bed plate is a link between foundation and machine. 
It must be strong and rigid enough to hold the machine 
and should not itself buckle or distort when bolts are 
tightened. It should be suitably reinforced to take the 
weight without bending when machine is tightened to 
it. 

Some bed plates have facility to lift or adjust their 
level. 
See Figs. 47.1 and 47.2. 

47.3 Design of Bed Plates 
Bed plates will be designed and made according to 
drawings taking into account hole centers of machine / 

1 Finished level of foundation 
2 Level for casting 
3 Half grout ~ 

~~~h-.....{.o~~~ ....... ~~~4(.<{4-......... ~~~~~~..-lll£. 2 4 Bed plate 

Fig. 47.1 Bed plate design. 

467 

5 Foundation bolts 
6 Machine 
7 Bolts for joining 

machine & bed plate 
8 Full grout with shrink ~ 

proof cement 
9 Bolt for alignment 
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2 

Fig. 47.2 Bed plate design. 

bearings to be supported and fixed on it and hole centers 
for foundation bolts to be grouted in the foundation. 

For all major machines, the Supplier would furnish 
drawings of foundations with center lines and levels to 
be maintained. Often bed plates are included in their 
scope of supply. This is particularly so for large 
machines like kilns and mills. 

When Supplier is not supplying bed plates he would 
furnish drawings thereof to enable the Client to take 
up fabrication. 

Bed plates should have facility for locating the 
machine or bearing back in its original position if 
removed for maintenance. Dowel pins fixed diagonally, 
are very useful for this purpose. 
See Fig 47.3. 

o 
3- 0 

o 

1 Bed plate 

Fig. 47.3 

1 Machine 
2 Bolt 
3 Spring washer 
4 Double nut 
5 Bed plate 
6 Reinforcement 
7 Channels machined 

grouted in foundation 
8 Shims for leveling 
9 Foundation bolt 

10 Bolt to adjust level 

~ Foundation 

o 

2 

1 

2 Machine 3 Dowels for location 

Locating machine on bed plate 
with dowels. 

I 
I 
I 

Brass shims. machined plates and wedges are used 
to level bed plates. - --- - - --:----- ---

47.3.1 Centring and Leveling of Bed Plates 
Normally bed plates would be centered and leveled 
and half grouted first according to the erection 
drawings, keeping a small margin for final adjustment. 

All bed plates (as also all foundations) should have 
center lines marked on them (in both directions). 
Center lines should be punched on the top surface of 
the bed plates surface and also on sides. 
See Fig. 47.4. 

Fig. 47.4 

I 
I 
I 

Plan 

III 
Elevation 

DO 
End view 

Centre lines - on large bed plates 
for positioning them. 



Centre lines on sides are useful as the center line 
on the top surface may be covered by base of the 
machine / bearing. 

Holes for machine and foundation should be offset 
so that they do not interfere with each other and bolts 
can be easily removed and tightened independently. 

The design should allow for easy access for 
spanners used for tightening bolts and holding them. 
See Fig. 47.2. 

47.4 Bed Plate for Drive 
When there is a common bed plate for motor and gear 
box, the bed plate should also take into account the 
difference in center lines of motor and gear box from 
their respective bases. 
See Fig. 47.5. 

/ 2 
e / e 

0 o I [l fl 3 
1 I FfJIt 

e 0 o \ [l iI e 
= Plan 

Elevation 

1 Common bed plate 2 Motor 3 Gearbox 

4 Pedestal welded to adjust centers of motor 
and gearbox 

Fig. 47.5 

C1 Height of center of Motor 
C2 Height of center of Gearbox 

Common bed plate for motor 
and gearbox. 

For bringing their respective center lines in line, 
heights of foundations F l' F 2' F 3 would be according to 
centers C l' C2, C3 of bearing, gear box, and motor 
respectively. 
See Fig. 47.6. 
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When a gear box has more than 2 stages, centers 
lines of motor and gear box outlet shaft would be very 
much offset. In such cases it may be better to keep 
two bed plates separate rather than have a common 
base plate. 
See Fig. 47.6. 

47.5 Stress Relieving of Bed Plates 
Large fabricated bed plates like kiln bedplates where 
considerable welding is involved should be stress 
relieved and machined so that these stresses do not 
come in picture during erection and while tightening 
bolts. 

Bed plates must provide adequate machined 
surface to place a spirit level for leveling it. 

47.6 Alignment of Kiln Bed Plates 
Kiln bed plates on 2/3 piers would be leveled and 
aligned with respect to one another with the help of 
laser beams, theodolite or water level or piano wire. 
It is absolutely essential that the kiln is perfectly aligned 
when resting on 2 or more bed plates which are 
separated by the spans of supporting stations. 
See Fig. 47.7. 

47.6.1 Mill Bed Plates 
Same is true of main bearings for ball mills. Mill bed 
plates can also be made in C.l. They have facility for 
centering bearings. This can be done with wedges. 
See Figs. 47.8 and 47.9. 

The holes for bolts for bearings and foundation bolts 
should be large so that centering can be facilitated. 
They are sometimes oval to that movement in another 
direction is facilitated. 

Sometimes during construction, foundations and 
centre lines are not as per drawings. In such cases 
this facility is useful. 

47.7 Grouting of Bed Plates 
Large foundations are generally finished aboutlOO mm 
below final level. Foundation bolts are inserted in 
pockets and bed plates are placed on foundations and 
lowered centered and leveled and bolts grouted up to 
100 mm from the surface of foundation. This is called 
'half grouting'. 
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00 

1 Motor 
2 Bed plate for motor 
3 Gearbox 
4 Bed plate for gearbox 
5 Bearing 
6 Bed plate 
7 Foundation for motor & gearbox 

8 Foundation for bearing 

9 Auxiliary drive 

10 Bed plate for auxiliary drive 

Fig. 47.6 Separate bed plates for motor and gearbox for large machines. 
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Fig. 47.7 Kiln bed plates and centering them. 
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Fig. 47.8 Mill bearing - bed plate and fixing on foundation. 
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Fig. 47.9 Mill bearing - bed plate and fixing on foundation (plan). 
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1 Mill bearing 

2 Bed plate 

3 Wedges for centering 

4 Foundation block 

5 Foundation bolts 
6 Bolts for bearing 
7 Channels for levelling 

Grouting is completed using special shrink proof 
cement after machine is fully aligned and bolts of bed 

plate and machine are fully tightened. 
See Figs. 47.1 and 48.7 in Chapter 48. 



CHAPTER 48 

48.1 Design of Foundations 
Foundation drawings and Load Data are supplied by 
the manufacturers of machines. In doing so, they would 
have taken into account the bed plate when there are 
bed plates between machine and foundation because 
the pockets to be provided in the foundations would 
correspond to bed plate designed. 

48.2 Foundation Drawings 
Should Clearly Show 

1. Dead weight to be supported, 

2. loads coming on to foundations and bolts due to 
motion of machinery and their directions, 

3. in case of kiln additional loads come into play 
because of the slope of the kiln and its axial up 
and down movement in running, 

4. axial thrusts if any say due to helical girth gears, 

5. vertical thrust loads in case of roller mills and 
axial loads in case of roller presses due to 
pressure applied between rollers. 
See Figs. 48.1, 48.2 and 48.3. 

These details must be furnished in full when there 
are more than one support like kiln, mill, etc. Load 
coming on each foundation must be shown separately. 
They are better presented in a tabular form. 

48.3 Loads on Foundations 
Dead load should include besides dead weight, loads 
due to charge, refractory, coating that forms during 
running and also where applicable, weight of material, 
hoppers of preheater cyclones and dust collectors can 
hold, in abnormal conditions. 
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FOUNDATIONS AND LOAD DATA 

For example in case of Kiln - dead weight would 
consist of weights of shell, tyres, girth gear, refractory, 
lining, coating and also weight of charge in the kiln. 

In hoppers of preheater cyclones and hoppers of 
esps and bag filters dead load would include the weight 
of material collected in the hopper (when discharge is 
not working). 

Some loads are evenly distributed and some are 
concentrated point loads. 

Building floors would generally be designed to take 
a load expressed in tlm2 basis. 

Pre heater cyclones are supported on beams. In 
some designs, cyclones are supported at 3 points in 
others at 4. Cyclones are not bolted neither are ducts. 
See Fig. 15.44 in Chapter 15. 

Not only loads but their points of application are 
very important to locate and size beams on each floor. 
Civil designer would so arrange net work of beams 
that loads get transferred to columns. 

It is necessary that these details are received as 
early as possible so that they could be included in 
departmental drawings. 

Otherwise the departmental drawings will include 
machine g.a. drawing and foundation details would 
have to be shown separately in another drawing. 

It is necessary to follow Machinery Suppliers' 
instructions shown on foundation drawings supplied by 
them. 

48.4 Foundations for Kilns, Mills, 
Roller Presses 

Vertical Roller mills and kiln piers have large 
foundations blocks. Their own weight has to be taken 



Fig. 48.1 
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Pinion 

Bearing 

Components of load 
on bearing bed plate 

Helical gear pinion 
axial thrust 

Foundation block 
1 Vertical roller mill 
2 Gearbox 

Rock-bottom 

5 

3 Motor 
4 Foundation 
5 Rock-bottom 

Shaded area should be large enough to spread load 

so that load in tfm2 is within load bearing capacity of soil 

Fig. 48.2 Loads in case of vertical roller mill. 

into account for spreading the load on the soil according 
to its load bearing capacity. 

Vertical rollers mills have very high vertical thrust 
loads and need heavy foundation blocks which could 
weigh as much or more than the mill itself. 

The area of foundation block should be such that 
load distribution is within the load bearing capacity of 
soil. 
See Fig. 48.2. 

Assuming that load bearing capacity is 20 tlm2 and 
load is 800 Tons. Therefore base area will be 
minimum 40 m2 or as dictated by the dimensions of 
the mill whichever is higher. 

If the soil is soft or solid rock is too far below the 
surface, pile foundations are made. In pile foundations, 
first the number and spacing of piles is required to be 
settled. For that the foundation drawing should show 
locations and magnitude of loads clearly. 
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Fig. 48.3 Loads in case of roller press. 

Foundation drawings should contain enough details 
for civil designer to take up the design thereof. 

48.5 Foundation Bolts and Pockets 
Machine designer will also design bolts for foundations 
viz their diameter, length and number. 

There are of course thumb rules for sizing of 
foundation bolts. It would be better to err on the safer 
side so that there is sufficient grip between bolts, 
foundations block and machine. 
See Fig. 48.4. 

Pockets are left in foundations for bolts. Pockets 
can be straight, rectangular (or round) or taper as 

@] 
1 2 3 

1 Bolt with square welded plate 

3 Bolt with hook & rod 

4 

2 Bolt with hook 

4 Bolt with expandible outer cover to grip concrete 

Fig. 48.4 Foundation bolts - different types. 

1 Fixed roller 
2 Moving roller 
3 Hydraulic thruster 
4 Fixed bearing 

5 Sliding bearing 
6 CaSing 
7 Bed plate 

gGap 

shown. The wooden planks used for pockets are 
removed when machine is to be installed. For easy 
removal, the planks are smeared with grease. 
See Fig. 48.5. 

Pockets should be deep enough so that bolt can be 
lowered into the pocket and pulled to pass the hole in 
the bed plates. Threaded length h, should also be 
sufficient for nut, lock nut and spring / taper washer. 
See Figs. 48.5 and 48.6. 

Foundations bolts come in different designs. 
Whichever the design, the pocket size should be such 
that concrete used for grouting passes around the 
bottom plate into the pocket so that bolt is fully 
submerged in concrete on all sides. 
See Figs. 48.4 and 48.6. 

First bolts are half grouted; after the erection is 
complete and bolts are fully tightened, full grouting is 
done with shrink proof cement. 
See Fig. 48.7. 

Smaller machines like screw conveyors, elevators 
etc., also need bolts to fix them to the floor and also 
supports for belt conveyors. 

Load of hood of elevator can be taken on beams. 
Load of boot is taken 01). a block, which may be deeper, 
than the rest of the slab or floor to suit length of 
foundation bolts. 
See Fig. 48.8. 

For light machines, rawl plugs are used to fix 
machine / bed plate in the floor slab. 
See Fig. 48.4 item 4. 
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Pockets for long bolts 

Fig. 48.5 Pockets for foundation bolts. 

L 1 Bed plate 

2 2 Foundation bolts 
...J 3 Threaded length h 4: 4 d 

'$.' .. t· :. c .' . 
C :' . . • 6. •• 

.. : : : .. : 

c - Adequate for grout to go on all sides of bolts h = L + a (min) 
c - Clearance between bolt & pocket 

Fig. 48.6 Threaded length for tightening to be adequate in length; 
pocket should be deep enough for inserting bolt. 

In other cases, holes / pockets are left in the slab. 
Whichever way, the details should be shown on drawing 
so that execution is done during construction. 

When a conveyor is supported on trestles, trestles 
are supported on footings. 
See Fig. 48.9. 

48.6 Foundation Load Data for a Kiln 
Typical Foundation load data for a rotary kiln is shown 
in Figs. 48.10 and 48.11 for a three support rotary 
kiln by way of illustration. 

Loads vary considerably due to bending of kiln shell 
and misalignment. Such data should be obtained from 
Suppliers for all major machines. 
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-7 

1 Foundation bolts in lowered position 

2 Foundation bolts in final position 

4 Half grout of foundation bolt 

5 Finish level of foundation 

7 Shrink proof grout 

d - Depth of pocket 

6 Channels 

8 Machine bed plate 

Fig. 48.7 Depth of pocket for foundation bolt. 

a 

Foundation bolts for 
through pockets 

b 

Foundation bolts for 
blind pocket 

2 

3 

4 

a 

1 Elevator hood 2 Screw conveyor 

3 Foundation bolts 

4 Pockets for foundation bolts 

Fig. 48.8 Small foundations - elevator hood, 
screw conveyor etc. 

4 For pushing 
grout 

b 

6 

1 Column footing 
2 Column of trestle 
3 Bolts 
4 Vertical support 

5 Slab or footing 

6 Pockets for bolts 
7 Bolts 10 01 /00 

1 

Fig. 48.9 Foundations for conveyor and pedestal supports. 



Fig. 48.10 

STN- I 

STN-JI 

STN-m' 

Fig. 48.11 

Cooler Building 
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~+------+ 

-J 
I 

Kiln Inlet WP 
(Hot) 

Axis-XX 

Preheater Building 

Key plan of a 3 support rotary kiln 

Case- II 

PVLI PVR. KN. PHQLI PHQR. KN. PHL. KN. 

I II I II I II Case 

~415/254 254/4415 710/0 01710 1380/0 0/1380 STN-I 

~54/5360 4415/254 0/560 0/560 0/125C 1250/0 STN-II 

~710.254 254/3710 344/0 34410 860/0 0/860 STN-m 

Distortion Horizontal Plane Kiln supported on all three stations but only one 

Roller is supported at each station 
50% Margin to be conSidered for civil design calculations on above specified load date 

Illustrative Loads on foundation of Bent Kiln shown in Fig. 48.10 
(Bending plane Horizontal) 

RI. R]I. Rm. Total vertical loads at kiln pier In KN 

RI RII Rm 
1150 11100 - Case- I 

5980 - 6270 Case-RII 

- 13730 (-1490) Case-m 

A 50% Margin to be considered for civil deSign calculations on above specified load data 

R 
., ... /t f . All Loads are in KN 
..... R m ±PHQL ±PHQR H 

Case-m PVL PVR 3380 3380 3380 1925 

715 715 3435 3435 

340 340 1570 1570 

This corresponding to max. load condition for each station 50% margin to be 
conSidered for Civil design calculation on above speCified load data 

Foundation Load data for a three support rotary kiln. 



CHAPTER 49 

49.1 Civil Design and drawings 
All major loads should be taken on beams and 
transferred to the main columns of the bUilding. In case 
of preheater tower, each floor would have different 
configuration of auxiliary beams on each floor because 
cyclones are located at different places on each floor. 

Heights between floors should be so arrived that 
the clearances are sufficient for heights of machines 
and chutes and ducting after deducting depths of beams. 
See Fig. 49.1. 

49.2 Dimensions of Beams and Columns 
At design stage, the dimensions of beams and columns 
would not be known precisely. Use is made of 
conventions, thumb rules and past experience and 
drawings made earlier. Thumb rule: span 'x'meters; 
depth of beam- 'y' cms. 

Beam 600x1000 

6000 

CIVIL DRAWINGS AND DESIGN 
OF DEPARTMENTAL BUILDINGS 

However, when beams and columns are finally 
designed by civil designers and their dimensions are 
known, the departmental drawings should be checked 
for clearances and adjustments made where necessary 
with the help of Consultants. Civil designers should 
bring to the attention of Consultants making the 
departmental drawings any problems faced by them. 

49.3 Critical Dimensions for Design of Buildings 
The critical dimensions for slopes of chutes and 
clearances necessary should be shown on 
departmental drawings before passing them on to civil 
designer so that the same can be taken care of. 

49.4 Taking up of Civil Design 
A civil designer begins his design work when he 
receives departmental drawings showing overall 
dimensions and loads and foundation details. 

'//////////// 
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Fig. 49.1 Clearances for machinery and ductings - in buildings. 
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A close co-ordination is thus necessary between 
machinery manufacturer, consultant, civil designer and 
other suppliers and also electrical contractors. 

49.5 Preparation of Departmental Drawings 
If major machinery are brought from one vendor he is 
in a position to furnish a more complete departmental 
drawing. 

In any case he should furnish a drawing showing 
overall dimensions of building and floor levels. This he 
may prepare with some assumptions making use of 
past experience. 

Systems Designers / Consultants furnish 
specifications for auxiliaries and bought outs. 

When orders are finalized, the respective suppliers 
furnish ga and foundations drawings of their machinery 
which need to be integrated in the main departmental 
drawings. 

A departmental drawing thus cannot be completed 
in one go but is completed in stages as information and 
drawings are received from respective suppliers. 

49.6 Data for Departmental Drawings 
Finalizing orders is a long drawn out process and if the 
Company wants to go 'shopping' to save on capital 
costs, it could buy the same type of machinery from 
different suppliers. 

Sometimes, one manufacturer does not make the 
entire range required in a plant as happens in case of 
fans, motors, etc. 

Thus there are a host of parties involved who have 
to furnish ga drawings and foundations drawings to 
the Company and their Consultants. 

At times the main Vendor takes responsibility to 
make departmental drawings in which case all drawing 
received from other vendors have to be passed on to 
him. 

49.6.1 Drawings for Drives 
Drives are finalized after machineries are finalized. 
Therefore details of gear boxes and motors are 
received last. 

Fortunately, motors and gear boxes are made to 
International Standards. For example, motors are made 
as per International Frame Sizes so that once frame 
size is known, pertinent details like bolt hole spacing 
can be obtained from published catalogues. 

However, it is best to obtain certified drawings from 
respective suppliers of motors and gear boxes so that 
errors due to catalogues being outdated do not arise. 

49.7 Co-ordination of Concerned Parties 
Cement Entrepreneurs and Consultants have thus to 
do a great deal of planning and co-ordination so that 
information and drawings are received in the sequence 
and in time allotted so that work on drawings proceeds 
smoothly. 

Considerable amount of time can be saved in 
completing civil design and construction drawings if 
departmental and load drawings are complete and 
comprehensive and data is furnished in correct 
sequence. 

49.8 
This Chapter should be read together with Section 4 
wherein pertinent aspects of civil design have been 
dealt with. 



CHAPTER 50 

50.1 Working Platforms for Machines 
Machines need to be attended to in operation. They 
also need maintenance on regular basis and repairs I 
replacement in a planned manner or during 
breakdowns. 

To judge the operation and measure operational 
parameters like temperature, draughts, gas flow, oxygen 
content etc., field sensors are installed either on 
permanent basis or on 'as and when' basis at specific 
points on the machine or the system. They need access. 
Measurements are also needed to be taken to calibrate 
the field instruments. Measurements may be required 
at new locations now and then. 

It is not always possible to reach all such points 
from main floors of the buildings. 

It is therefore necessary to reach the points located 
at a higher level and to have a working space around 
them. 

For these reasons working platforms are 
constructed around a machine. In machines like bag 
filters and esps the working platforms are built on them 
by machinery manufacturers themselves. 
See Fig. 50.1. 

ozzZl!72Z.1tJ _Ba_g filte_r -t?2zt ~~~C5 
Fig. 50.1 Working platforms around machines 

dust collectors - ESPs - bag filters. 
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50.1.1 Additional Floors for Working Plarforms 
Sometimes such platforms could be in the form of an 
additional floor in the building. 

But if the building is large in dimensions, it is too 
expensive to provide an additional floor in concrete. 

50.2 Fabricated Working Platforms 
Working and maintenance platforms would therefore 
be mostly in steel and with access ladders from nearest 
floor level and the area would be limited to specific 
requirements. 

50.3 Preheater Cyclones 
It is necessary to design and provide working platforms 
around preheater cyclones. Some manufacturers of 
preheater supply such platforms along with preheater 
cyclones. 
See Fig. 50.2. 

1 

1 Cyclone 
3 Platform 

2 

5 Measuring points 

2 Out going duct 
4 Ladder 

Fig. 50.2 Working platforms around 
preheater cyclones. 



Access to working platform can be taken from floor 
level immediately below or from the landings of the 
staircases of the building. 
See Fig. 50.3. 

Monkey ladders should be avoided so that heavy 
equipment could be carried up and down easily. 

B 

1,2,3 Working platform around cyclones 
4,5 Main stair cases 

6 Access to platform 3 from stair case 4 
7,8 Access to expansion joints & bottom of cones 

A, B, C - Main floors of preheater building 

Fig. 50.3 Preheater cyclones, working platforms. 

The raw meal pipes for preheater and calciners 
have pendulum flap valves. These need to be accessible 
and are best located near floor levels. 
See Fig. 50.3. 

The expansion joints in them cannot always be 
located near floor. 

In designing a building the needs for access for 
such purposes should be ascertained. 

The best party to do this is the manufacturer of the 
machine itself. 

He can either include attached working platforms 
in his scope of supply or can show them in the g.a. and 
departmental drawing housing the machinery. 

The consultant has to integrate them in the final 
departmental drawing. In consultation with Civil 
Designers it may be decided whether these could be 
in RCC as additional floors or should be fabricated 
and erected at site. 
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50.3.1 Working Platforms and Staircases 
and Landings 

Working platforms should be planned along with the 
staircase and ladders of the building so that they do 
not interfere. Landings can provide ready and easy 
access to the platforms. 

50.4 Platforms for Apron Feeder 
Working platform and platform for supporting drive of 
apron feeder for crusher can be in concrete but should 
be so constructed that they do not obstruct 
maintenance of the crusher. 
See Fig. 50.4. 

1 Apron feeder 2,3 Motor & gearbox 

4 Working platform & support for drive 

5 Crusher 6 Crusher drive 

7 Walkway along apron feeder 

Fig. 50.4 Working platform for feeder of crusher. 

50.5 Platforms for Belt Conveyors 
Long / short belt conveyors have a gantry along them 
which also serve as access and working platforms. 
At drive or discharge end of conveyor, working platform 
is more conveniently made in steel and supported from 
the supporting structure of the belt itself. 
See Fig. 50.5. 
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1 Belt conveyor 

4 Working platform 
2,3 Gearbox, motor 
5,6 Walkways 

Fig. 50.5 Working platform around conveyor drive. 

50.6 Platforms Around Kiln Piers 
Kiln piers may be made a little wider at top or can 
have a concrete platform around them. It can be in 
steel also. Piers will be connected with one another by 
steel walkways. 
See Fig. 50.6. 

= 

1 Kiln 

4 Bearings 

= 

h = Head room under kiln 

2 Tyre 

5 Bed plate 

7 Working platform 

Fig. 50.6 Kiln piers. 

Walkway to 
another pier 

3 Roller 

6 Pier 

50.7 Platform for Inspection Doors 
Working platforms should be provided around 
inspection doors and manholes for access and for 
handling materials like refractories. 

When access doors and poking holes are provided, 
they should be accessible from a platform. 
See Fig. 50.7. 

A 

B 

C 

A. B, C Main floors 

1 Kiln 2 Riser duct 

3 Bottom cyclone 4 Feed pipe to kiln with valve 

5,6,7 Working platform at intermediate levels 

8,9 Access ladders I steps 

10 Poking holes 11 Manhole I access door 

Fig. 50.7 Working platforms at kiln inlet end. 

50.8 Platform for Grate Cooler 
Working platform / access is provided for grate coolers 
on both sides throughout the length of cooler. It makes 
maintenance easy and convenient. Platform can be in 
concrete or steel. 
See Fig. 50.8. 

1 

1 Cross section of grate cooler 
2 Working platforms for under grate compartments 

3,5 Access ladder 4 Working platform above grate 
6 Grates 

Fig. 50.8 Working platforms along grate cooler. 



50.9 Platform for Grits Separators 
Machines like grit separators need adjustment of vanes 
from time to time. An access ladder and a platform 
around it is convenient. 
See Fig. 50.9. 

1 Grit separator 
2 Working platform 
3 Ladder 

Fig. 50.9 Working platform for grit separator 
in coal mill circuit. 

50.10 Platforms for Hoppers 
Hopper outlet needs to be poked to remove jams. A 
working platform is necessary for this purpose. But it 
should be so located that man stands above manhole 
and material does not fall on him when jam is suddenly 
released. 
See Fig. 6.25 in Chapter 6. 

50.11 Platform for Gas Conditioning 
Working platform is needed at the level of nozzles fixed 
on the conditioning tower to attend to them. It will be 
in steel. Access to it will be provided from the nearest 
building. 
See Fig. 50.10. 
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1 Gas conditioning tower (get) 
2 Nozzles for water spray 
3 Preheater building (or any other) 

4 Working platform on get 

5 Access I stair from building with hand railing 

Fig. 50.10 Working platform for get. 

50.12 Platforms for Esps and Bag Filters 
As mentioned above bag filters will come with access 
ladders and working platform fixed around them at 
appropriate level. In bag filters bags are removed and 
replaced from the top. Therefore working platform will 
be near the top. On bag filters where explosion flaps 
are provided, working platform will be so provided that 
in the event of a blowout no one is injured. 
See Fig. 53.17 in Chapter 53. 

In case of esps working platforms will be needed 
at two levels. One near bottom where shaking 
mechanisms for collecting electrodes are provided. And 
one at top to attend to shaking mechanisms of discharge 
electrodes and to transformer rectifier sets. Collecting 
electrodes are removed from the top. Hence a platform 
at top will facilitate it. 
See Fig. 52.8 in Chapter 52. 

Primarily of course a building should be so designed 
as to have floors so arranged as to minimize need for 
separate working platforms and to have a short and 
direct access to them. 



CHAPTER 51 

51.1 Conveyor Gantries 
When not installed at ground / floor levels, most 
conveyors need structures to support them. Even when 
installed at ground/floor level, they require structures 
to support them but of smaller heights to maintain safe 
clearance of pulleys above floor level. They also need 
walkways along their length for inspection and 

. 

../ E 

CONVEYOR GANTRIES 

maintenance when installed at higher levels. 
See Figs. 51.1 and 51.2. 

51.2 Belt Conveyors 
A belt conveyor would need a supporting frame along 
its length to support carrying and return idlers. If the 
top of conveyor is at a considerable height over the 

E 

Fig. 51.1 Belt conveyor supporting structure when conveyor is level. 

Fig. 51.2 Supporting structure for inclined conveyor. 

484 



floor level, it would need access to it for maintenance 
and inspection. 
See Fig. 51.2. 

Structure used to support belt is also used to support 
walk ways or gantries on one side or more commonly 
on both sides. 
See Fig. 51.3. 

2 

4 
5 

3 

Cross section AA of Fig. 51.2 

1 Belt 2 Belt supporting structure 
3 Trestle for supports 4 Walkways with hand railings 
5 Chequered plate or grating on walkway 

Fig. 51.3 Supporting structure with walkways 
on either side for maintanance - for 
belt conveyor. 

Heights of trestles increase when conveyors are 
at an angle and can be quite tall if conveyors are 
unloading into silos. 

Spacing between trestles would depend on size of 
conveyors and their capacities. Number of trestles can 
be reduced at the expense of cross sections of 
supporting frame as spans would increase. 

One of the trestles would also be used to support 
belt tensioning device as explained in Chapter 3, 
Fig. 3.17. 

51.2.1 Covering of Belt 
According to its location and the material it is carrying, 
a belt may be fully covered (say like when conveying 
cement). 
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Such covers are made of thin gauge plates / 
aluminium or plastic sheets. It should be possible to lift 
the covers, also close and lock them quickly. Therefore 
they would be hinged on one side and with clamps on 
the other side. 

Arrangement should also be made to support opened 
cover so that belt can be attended to. 
See Fig. 51.4. 

, 
I 

Fig. 51.4 

_ _-- Open position 

Close 

~QUiCk fixing clamp 

Covered belt for conveying cement. 

When a cover is provided on the belt, it is not 
necessary to cover the gantry. Exception would be 
when belt is used to convey cement. It must then be 
adequately protected against entry of water. 
See Fig. 51.5. 

Fig. 51.5 For cement additional protection by 
installing a covered gantry with side 
cladding. 
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Such covers are also provided when high winds 
are likely to lift the belt off the idlers. It is particularly 
so for conveyors installed at a height. 

51.2.2 Head Room Under Conveyor 
Long belt conveyors are installed at a height sufficient 
to clear road, railway lines and vehicles on them when 
required to cross them. 
See Fig. 51.6. 

However, it is quite expensive to install the belt all 
through at such a height. Therefore, long belts are 
installed 'overland' that is at height just sufficient to 
provide enough clearance from ground and therefore 
belt follows the contour of the route. 

Conveyor height needs to be raised only at crossing 
of roads / railway etc. 
See Fig. 51.7. 

51.2.3 Overland Conveyors 
Overland conveyors are easy to inspect and maintain. 
But require a strip of land to be acquired for installation 
and also for a road along side it for maintenance. Such 
conveyors cause other problems like crossings for 

cattle if conveyors pass through cultivated land and 
grazing fields. Hence fencing would also be required 
along its length. 
See Fig. 51.8. 

Conveyors at elevated height would require only 
permission for footings to be constructed in the land. 

It is of course necessary to protect people, cattle 
against injury by installing nets under the belt to receive 
spillage where necessary. 
See Fig. 51.6. 

51.2.4 Trestles and Gantries 
Trestles and gantries can be made in steel or concrete 
or combination of steel and concrete. Concrete trestles 
or gantries would be cheap. Steel gantries can be 
fabricated separately in bulk and erected fast. 

51.3 Drag Chain Conveyors 
Drag chain conveyors are mainly used to convey 
clinker discharged from Clinker cooler at temperatures 
ranging between 100 to 120°C. In small kilns Drag 
chain was used to convey not only spillage but also the 
main product. 

1 Belt conveyor 
2 Walkways 
3 Trestles 
4 Railway 
5 Road 
6 Netting to catch stone 

h Clearance from ground level 

Fig. 51.6 Laying belt conveyor overland at crossing of road, rail track etc. 

a 
• o ; o 

1 y,,} 
I;; }II; 

Fig. 51.7 Overland belt conveyor and road crossing. 

a Overland conveyor 

bRoad 
h Clear height above road for traffic 



Conveyor Gantries 487 

1 Overland conveyor 

2 Protective fencing on sides 

Fig. 51.8 Overland conveyor requires protective fencing and acquisition of land throughout its length. 

Drag chains would normally be laid in a concrete 
trough lined with steel plates at sides; rails would be 
embedded at bottom on which the load carrying strand 
would slide. Top strand would be supported on pulleys 
from walls of the trough. 
See Figs. 22.1, 22.9 and 22.10 in Chapter 22. 

While a drag chain conveyor thus laid out does not 
require a gantry, sufficient space must be maintained 
on either side for maintenance purposes. 

Presently drag chain conveyor would be installed 
at ground level and not in a tunnel. Therefore providing 
space around it is not difficult. 
See Fig. 22.9. 

When handling spillage from under grate 
compartments of cooler, the drag chain has to handle 
very hot clinker dust with temperatures as high as 800 
to 900°C to cooled clinker dust at 100°C at the 
discharge end. Cooling air can sometimes escape 
through pendulum flap valves under the Compartments 
and creates considerable dust nuisance. Therefore 
often the Conveyor is covered. Vent points are provided 
to remove the dust. 
See Fig. 22.10. 

Drag chain conveyors are laid in troughs and would 
have concrete walkways in steps on either side if they 
were installed at an angle. 

As a thumb rule walkways around conveyors would 
be in concrete inside the buildings and in steel outside 
the building. 

51.4 Deep Bucket Conveyors 
Deep bucket conveyors (dbc) are now used to convey 
clinker at high rates suitable for kilns of 3000 to 7500 

tpd capacity. They are slow moving conveyors and if 
properly fed, clinker does not come in contact with 
moving chain and wheels. 

dbcs start from under the cooler generally at depths 
of -5 to -6 metres. Initially they are horizontal but 
then they have inclinations of 35 to 40° to reach top of 
conical clinker storages. 

Since there are no structures or buildings in 
between, dbcs must necessarily have their own 
supporting structure and also gantries along it for 
maintenance. 

Till the conveyor emerges from the tunnel at ground 
level, walkways around it will be in concrete. Above 
ground level it will be in steel. 
See Fig. 51.9. 

A standby is very desirable for dbcs to maintain 
continuity of uninterrupted operation of the kiln. The 
gantry should be designed for a standby conveyor to 
be added in the future. 
See Figs. 26.10 and 26.11 in Chapter 26. 

Since the supporting columns will be inside the 
clinker storage and hence submerged in clinker, it will 
be prudent to construct stub columns for future dbc 
and gantries along it above the conical shed. This way 
second dbc can be added without any difficulty. 
See Fig. 26.11 in Chapter 26. 

When a second kiln is installed clinker storages of 
two kilns will be joined by a cross conveyor. This 
conveyor will be at a high level and hence would need 
supporting structure and walkways around it. 
See Fig. 51.10. 

Clinker conveyors will be covered as a rule. 
Therefore walkways around it will also be covered. 
Because of its slope walkways will be in the nature of 
steps. 
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Fig. 51.9 

~1 

Concrete 

Steel 

1 Deep bucket conveyor 
2 Supports 

Deep bucket conveyors - walkways and supporting structure. 

3 

Plate to protect traffic passing underneath 

7 

Road Road 

1 Existing clinker storage 
2 Future clinker storage 
3 Existing dbc 
4 Future dbc 

5,6 Future pan conveyors linking storage 
7 Structure for pan conveyors 

Fig. 51.10 Walkways-grantries for clinker conveyors connecting stockpiles of two production lines. 



If a road passes under the dbc it will be prudent to 

fix a plate under that length of the dbc so that spillage 
if any does not fall on vehicles. 
See Fig. 51.10. 

51.5 Screw and Chain Conveyors 
Dust is collected from hoppers of dust collectors like 
E.S.P.s and bag filters by screw conveyors or Redler 
chain conveyors. Sometimes the conveyors are 
attached to the dust collectors themselves. 

Dust collectors if small may be inside a building. In 
this case the conveyor can be installed at ground level 
to eliminate a supporting structure and walkway for 
maintenance for it. 

Dust collectors for kiln, raw mill and for cooler vent 
will be very large and hence would be out in the open. 
Conveyors under these dust collector will need gantries 
and walk ways albeit of short heights to be able to 
attend to the conveyors. The walkways will often be 
grills with railings. 
See Fig. 51.11. 

4 
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51.6 Elevators 
Elevators rise vertically and have a feed point at the 
bottom and discharge point at the top. They therefore 
do not need walkways or gantries. They need access 
to the discharge hood and to the boot which would 
often be in a pit. This will be provided by stairs in steel 
or in concrete. 

51.7 Design of Walkways, Railings 
Widths of walkways can be standardized. Design can 
also be standardized - whether grills or chequered 
plates so that procurement can be planned and be 
economical. A good width for a walkway will be 
between 500 to 750 mm. 

While grills would be suitable in most places, it would 
be better to provide plates in sections where tools or 
material can accidentally fall on passers by underneath. 

It is also necessary to provide hand railings on sides. 
Their design can also be standardized. 

1 Dust collector 2 Supporting columns 

Fig. 51.11 

3 Screw/chain conveyor 

5 Ladder 

4 Platform supported from support columns of dust collector 

Support platform for screw conveyor/chain conveyor under dust collector. 



CHAPTER 52 

LIFTS, HOISTS AND LIFTING TACKLES 

52.1 Lifts For Buildings and Silos 
In case of 5/6 stage preheaters of large capacity plants, 

towers reach heights of 80-90 metres, i.e., equivalent 

of 30 storied buildings or taller. 

It is impossible and impracticable to reach higher 

floor levels without lifts. Therefore, tall buildings should 

be provided with lifts, which can carry materials and 

workers. I to 2 tons capacity lifts should be planned at 

2 

2 1 3 

1 

design stage and installed before start up in a preheater 

tower. 
See Fig. 15.32 in Chapter 15 and Fig 52.1. 

52.2 Lifts in Various Buildings of 
Cement Plant 

Lift may be with attendant or automatic. It must have 
a communication system besides the usual controls for 
operation. The doors should be wide and should admit 
large machinery parts, refractories, etc. 

1 Pre heater towe~ 

2 Well of lift 

3 Lift 

2 

Fig. 52.1 Lift in preheater tower; well will be walled up for safety's sake -
leaving opening on each floor for exit and entry. 
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Blending silos, double decked for batch blending 
systems and continuous blending silos, reach 
considerable heights so do cement silos because of 
large storage capacities. Reaching tops of silos, is often 
necessary to attend to machinery installed there. 
Attempt is therefore made to locate silos near buildings. 
For example blending silos can be located near 
preheater tower and cement silos near packing plant. 
Access to silos can thus be from the nearest buildings. 
See Fig. 52.2. 

As mentioned above prheater tower will be taller 
than blending silo and will be fitted with a lift. This lift 
could be used to go to top of blending silo from 
appropriate floor level. 

Packing plant will not be a very tall building and 
cement silos will be taller than it. Staircases will be 
arranged from top of packing plant to go to cement 
silo. 
See Fig. 52.2. 

2 

Preheater 

a 
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It is of course possible to provide 'bubble lifts' from 
walls of the silo. Care would have to be taken that 
installing such a lift does not affect waterproofing of 
the walls of silo. 
See Fig. 52.3. 

52.3 Hoists and Lifting Tackles 
for Machinery 

Hoists and lifting tackles of various capacities and lifts 
are needed in almost all sections for maintenance and 
repairs of heavy machinery; large quantities of 
refractories are required to be handled for lining of 
preheater, calciner, kiln and cooler. 

These requirements have already been dealt with 
in respective Chapters. 

Well planned adequately designed hoists and lifting 
tackles need to be provided at correct locations for 
this purpose. Suppliers of respective machinery indicate 
needs for such tackles and would either supply them 
or would furnish detailed specifications for 
procurement. 

1 Blending silo 2 Preheater building 

Fig. 52.2 

b 

3 Walkway covered with chequered plate 

or 

Cement silo 
2 

1 Cement silo 

3,4,5 Ladders 

or 

2 Packing plant 

6 Independent structure with ladders 
7 Hand railing round silo 

Reaching tops of silos - Access stair cases and ladders. 
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..-
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0 ---
Fig. 52.3 Bubble lift for silos. 

3 

2 

Fig. 52.4 Taking out shaft of hammer crusher/impactor. 

As a matter of fact it would help greatly if lifting 
tackle is installed before the erection of the machinery. 
It will speed up erection. 

52.3.1 Crushing Section 
In crushing section hammers /impact bars are replaced 
regularly. 

Doors 

L 

1 Crusher shaft 
2 Rotor discs 
3 Hammers 
4 Hydraulic pusher 
5 Main bearing 

Clear space for shaft 
to come out 

Shaft has to be taken out. An overhead traveling 
crane is provided in the crusher department for this 
purpose and also a hydraulic pusher. 
See Fig. 52.4. 

52.3.2 Ball Mills 
For ball mills an overhead mono rail with electric hoist 
with remote control is installed to remove internal 



fittings from mills. Hydraulic jacks are provided to lift 
mill off the bearings. In layout slabs near bearings are 
made thicker to take load of the mill. 
See Figs. 7.1 to 7.6 in Chapter 7 dealing with 
maintenance. 

52.3.3 V. R. Mills 
In case of V.R.M.s rollers are required to be handled 
on regular basis to change liners. Specialised lifting 
tackles are provided by Suppliers and incorporated in 
the layout. 

Some mills come with built in hoisting beams inside 
the mill which will have a large access door. In case 
of others rollers can be swung out. 
See Figs. 52.5 and 52.6. 

1 Vertical roller mill 
3 Table 
5 Beam outside 

6 Moving trolley with chain block 

2 Rollers 
4 Beams inside mill 

7 Trailer to load roller assembly 8 Large doors 

Fig. 52.5 Handling facilities for vertical 
roller mills - 1. 

1 Vertical roller mill 
3 Table 

2 Rollers 
4 Door 

5 Rollers swung out on hinge 6 Trailer to receive roller 

Fig. 52.6 Handling facilities for vertical 
roller mills - 2. 
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Sometimes it is necessary to remove the gearbox 
which is directly under the mill table. To remove the 
gearbox the load is lifted off it by jacking. 
See Fig. 52.7. 

5 

1 Roller mill body 
3 Yoke 

2 Table 
4 Gearbox 

5 Jack to lift table 6 Jack to lift gearbox 
7 Trolley to be slipped under gearbox 
8 Rails 

Fig. 52.7 Taking gearbox out from under 
vertical roller mill. 

All vertical mills and roller presses thus come with 
full specifications of hoisting gear and its layout. It 
should be incorporated in the departmental layout. 

52.3.4 Roller Presses 
In case of roller presses rollers are required to be taken 
out. Hoisting gear is provided to take the roller out of 
the press and load it on trailer for shifting to workshop. 
See Fig 7.13 in Chapter 7. 

52.3.5 ESPs 
A light hoist is provided on esp top to lift collecting 
electrodes out of the esp. 
See Fig. 52.8. 

52.3.6 Kilns 
Kiln rollers and roller bearings would in many cases 
be lifted with the help of a crane. Jacks would be 
required to take load of the kiln and their capacity and 
specifications should be obtained from Suppliers. 
See Figs. 19.44 and 19.45 in Chapter 19. 

52.4 Provision for Lifting Arrangements 
For infrequent requirements of lifting, provision may 
be made in layout and construction to be able to install 
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chain pulley blocks when required; like providing beams 
with hooks above hood of bucket elevators. 

1 

1 Structure to lift collecting electrodes 
2 Working platform with hand railing 
3 Access ladders 

Collecting 
electrode 

4 Working platform for shaking mechanism (if at bottom) 
5 Access ladder 

Fig. 52.8 Platform for maintanance of ESPs. 

A well designed permanent handling system is a 
part of the machinery layout and machinery supplier 
provides drawings and specifications of equipment to 
be installed and integrated into the departmental 
drawings. 

52.5 Collect Data on Specifications 
of Tackles 

In fact, Consultants should ask vendors the needs of 
maintenance, location and specifications of tackle and 
space to be provided in layout for accommodating / 
installing them. 

This would avoid requiring to make makeshift 
arrangements when a break down happens or even 
during erection. 

Beams of building are used to fix 'I' beams / 
channels to hang chain pulley blocks. 

These blocks may be manually operated or 
motorized; overhead traveling cranes are used when 
a large number of drives are arranged in a row like in 
a motor house. 

52.5.1 Details to be sought for 
The Consultant should make a list of all handling and 
hoisting equipment like: 

(i) Traveling crane - span - capacity - length of 
travel and lift. 

(li) Mono rail and hoist - capacity and lift. 

(iii) Lifting cranes for rollers of v.r.ms. 

(iv) For gear boxes for mills and kilns. 

(v) For rollers, motors and gear boxes of Roll press. 

(vi) Shafts and rotors of crushers. 

(vii) Kiln rollers and bearings. 

(viii) Jacks for supporting the kiln. 

(ix) Hydraulic jacks for removing bearings / shaft, 
etc. 

These should be incorporated in machinery list / 
spares and also incorporated in layouts as required. 

52.6 
The equipment meant for handling the heavy 
components should be installed first and be readily 
available for installing the machinery itself. 



CHAPTER 53 

53.1 Safety of Plant and Personnel 
Safety of plant and personnel is of paramount 
importance. Attention paid to ensure safety can never 
be enough. 

'Safety' of course can only be ensured with the 
help of workers. Without their active co-operation, 
safety measures even of the highest kind would fail. 
Therefore there has to be a continuous effort on part 
of Managements to educate workers in safe ways of 
working and to see to it they are being followed. 

It is necessary to install safety devices at all places, 
which could cause accidents and be a source of danger 
to personnel. 

53.2 Identify Danger Zones 
One of the first steps to be taken would be to identify 
possible 'danger zones' like: 

1. Open pits, floor openings, edges of buildings at 
higher levels, steep slopes, and ramps. 

2. Improperly designed steps, ladders and 
staircases. 

3. Moving machinery, reciprocating and rotating 
machinery; exposed V belts and chains; Pulleys 
and couplings; open gears. 

4. Quarry operations of drilling and blasting. 

5. Hot ductings, shells likely to come in contact 
with workers. 

6. Hazards of getting submerged under falling hot 
material, pulverized and granular. 

7. Getting suffocated / drowned in bins, hoppers 
and silos. 

8. Catching fire due to inflammable substances. 

9. Explosions and implosions. 
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SAFETY 

53.3 Safety Measures Built in 
Machinery and Operation 

Safety measures should first be built in the design of 
the machinery itself, so that accidents and mishaps 
are minimized. Others are to be installed but these need 
to be maintained and made use of. 

Safety measures are also to be built in operational 
procedures and practices. 

In respective Chapters need for safety and 
provisions to be made have already been dealt with. 
However safety is so important that it is worth 
repeating them here. 

53.4 Safety Measures in Buildings 
and Structures 

1. Hand railings should be provided at all levels 
of the building along edges. They should be 
provided around floor openings also to prevent 
accidental falls; along staircases and ladders; 
monkey ladders if used, should have a 
protective cage round it to prevent falls. 
See Figs. 53.1, 53.2 and 53.3. 

Railings can be standardized in design. In some 
cases, where machinery is to be hauled in, 
railing could be removed and fixed back. 

2. Smaller openings in floors should have grill / 
chequered plate covers. They should be 
removed only in emergency but replaced 
without fail. 

3. Edges of building floors and openings should 
have 'kerbs' to prevent things falling down. 
See Fig. 53.1. 
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Hand railings at 
stair cases 

Hand railings 
along edges 

Kerb to prevent things 
from falling over 

Hand railings of ladders, platforms and floors 

Fig. 53.1 Safety measures in building. 

Hand railing 
around openings 

Opening covered by 
grills/chequered plates 

Fig. 53.2 

Fig. 53.3 

Hand railings round openings in floors. 

Protective cage 

Monkey ladders 
Safety measures. 

4. Walkways along conveyors should have hand 
railings and grilled floors, which cannot be easily 
removed. In lengths of conveyors that are 
directly over roads, chequered plates should 
be installed instead of grills. Such plates should 

installed under the belt also to prevent spillage 
falling on heads of passers by. 
See Fig. 53.4. 

5. Entry into hoppers, bins and silos can be 
dangerous and must not be done singly. There 
should always be two persons one watching 
the other and raising alarms. All hoppers a,nd 
bins must have rungs along to wall to go down 
and climb up. Persons entering hopper must 
wear a safety belt tied to their waists and a 
rope by which they can be hauled up. 
See Fig. 53.5. 

A red flag may be hoisted on the hopper / silo 
to indicate work is going on in the hopper and 
it should not be filled at that time. 

6. While unloading a ball mill, area around it should 
be cordoned off. 
See Fig. 53.6. 

53.5 Weights Being Raised and Lowered 
Care has to be taken while hoisting loads or lowering 
them. Precautions are to be taken to keep persons 
away from the area. Area should be cordoned off 
during the hoisting operation. 

53.6 Guards Around Rotating Machinery 
Guards for V belts and couplings, projecting parts of 
machinery that move. 

These are standard items and are installed along 
with machinery. They are designed to be removed 
quickly for attending to V belts, chains and couplings 



Fig. 53.4 Safety measures - belt conveyor. 

Safety belt is a must 

Rungs welded for 
holding and climbing 

Chequred plate over road crossings 
rather than grill 
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and must be fitted back every time when the work is 
over. Same is true for projecting shafts. They should 
be guarded. 

The guards removed should be replaceable quickly 
and in exactly same position. Some kind of location 
device should be provided 

53.7 Hot Ductings 

1. Ducting carrying hot gases are insulated and 
lagged to prevent loss of heat and also to prevent 
injury to workers. Others that are brick lined 
from inside can still be very hot and should be 
isolated so that they are not touched accidentally. 

Fig. 53.5 Safety measures in hoppers and silos. 

2. Kilns would have walkway along their length to 
attend to supporting rollers and bearings and gear 
etc. Kiln shell is hot and radiates heat. 

Fig. 53.6 

o . .. 
0\ •• 0 

·0 .: •• 
• 00 •• 0 00 •• 0 o. •. o. . .' 

o 

Cordon off area before unloading 
Safety unloading of ball mills 

Safety - while entering ball mill. 

Safety lamp 110 v 

Fuses removed & kept in pocket of 
person entering mill 
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3. Kiln inlet end is a source ofleakages of hot gases 
and also occasionally raw meal and should be 
isolated. Hot material should be collected in a 
hopper with a drum / bin underneath which should 
also be isolated. This is also true for some 
calciners where material gets accumulated and 
is discharged from the bottom through pendulum 
flap valves; this material is also very hot 
(800-900 °C). 
See Figs. 53.7 and 53.8. 

Water filled drum 

Cordon off 
--tIOi 

Fig. 53.7 Hot spillage at kiln inlet. 

Cordon off 
;...--....... ,...-

Kiln inlet 

Calciner 

53.8 Emptying of Hoppers and Bins 
Sometimes, bins and hoppers containing granular or 
pulverized materials need to be emptied out. At other 
times, they need to be poked to remove jams. 
Occasionally, flow may stop by 'arching' but suddenly 
gush down once the arch is broken. Such a flow can 
smother workers engaged in poking, if they are 
standing directly under it. Serious and even fatal 
accidents can take place. To avoid this, platforms for 
poking and for men to stand should be above the level 
of the manholes or openings in hoppers. 
See Fig. 6.25 in Chapter 6. 

53.9 Walkways Crossing 
Conveyors/Screws etc 

It is best to avoid crossing conveyors by going around 
them. But if that is too much of a detour, and workers 
are found to be taking short cuts, it would be good to 
provide a walkway over it. 
See Fig. 53.9. 

This situation can arise in packing plant where there 
can be many belts to cross. 

53.10 Safety in Quarries 
A major operation in quarrying is drilling holes in rock, 
filling them with explosives and blasting them. A 
number of holes drilled to various depths and spaced 
to suit the rock structure are blasted either 
simultaneously or sequentially. 

-t::;~_~~;;:=====-______ --.JWater spray 

Fig. 53.8 

Pendulum flap valve 

IDlff:=~If9~ Tank on wheels to hold spillage 

Hot spillage from calciner. 
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Fig. 53.9 Safe crossing over conveyor. 

L..Locked 

~ Walled as per norms 

Fig. 53.10 Explosive magazine -
isolated as per norms. 

Explosives required for this purpose are stored in a 
magazine in a remote isolated place. 
See Fig. 53.10. 

The area in which blasting is planned should be 
cordoned off and unauthorized entry prevented in it 
during blasting operations. Red flags or alarms should 
mark off the area in which blasting is planned. Rock 
pieces can be thrown over a wide area and hence 
cordoned off area should be much larger than area of 
actual operations. 
See Fig. 53.11. 

Shovels, dumpers and drills etc., should be removed 
from the working place so that they do not get damaged 
by falling rocks or by subsiding ground levels. 

Quarry should be well lighted in the night so that 
neither vehicles nor men would fall off the vertical 
faces or in pits. 
See Fig. 53.12. 

In unloading dumpers in hoppers care has to be 
taken to see that men are not working in the hopper. 
To prevent damage to dumpers / building it is good to 
line the beam with tyres / sleepers as shown. 
See Fig. 53.13. 
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SECTION "A" 

Sirens r 
0 0 Area being blasted 

0 

r 0 0 
Cordon off - red flags -

0 
Warning sirens before 

0 0 blasting 

r 0 All Clear siren after blasting 

0 
0 

Fig. 53.11 Blasting operation. 

53.11 Safety of Personnel Entering Machines 
Adequate precautions should be taken to safe approach 
and entry into machines like crushers, ball mills and 
roller mills. 
See Fig. 53.6. 

Safety of personnel working inside machines is 
largely a matter of following correct procedures. In all 
sections where men enter machines like crushers for 
changing crusher hammers; in mills for changing lining 
plates, grate plates etc., the most fundamental safety 
precaution to be taken is to see that the machine 
cannot be accidentally started when men are 
inside the machines. 

Strict procedure should be laid down or a protocol 
created and followed to ensure safety of men. 

Such a protocol has assumed great importance 
in the present times of remote and group 
starting of motors with the help of PLese 
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Well lighted 
/ 

Well lighted 

Fig. 53.12 Lighted quarry faces in operation - safety measures in quarries. 

Fig. 53.13 

Tyre to protect hopper 
and stop dumper 

Crusher hopper 

Safety measures
kerb at crusher hopper. 

Central control room staff should be aware of the 
maintenance programme and should be informed when 
work is completed and work can be started again. 

In this period, remote starting should be 
switched off. 

All machines being made of steel, the lights taken 
inside must be low voltage 110 V safety lamps. Special 
110 V sockets plugs must be provided near mills, 
crushers, roller mills etc., so that safety lamps can 
always be taken inside. 

Personnel entering machines must wear safety 
helmets. 

53.12 Conveying Systems 
All inspection doors and man holes provided for 
maintenance must be in place and securely clamped. 

Elevator Belt or chain must have a ratchet, which 
will prevent roll back of buckets, which can hurt 
maintenance workers. 

In case of long overland conveyors, going cross 
country, grazing cattle can come near the belt and get 
hurt and can also damage the belt. This should be 
avoided. 
See Fig. 53.14. 

This is also true of ropeways in which loaded 
buckets move overhead at great speed. A safety net 
should be fixed over roads, Rail lines which the 
ropeway may cross. 
See Fig. 53.15. 

Inadvertently even experienced workers put hands 
inside running screws. This should be prevented by 
providing netting on inspection covers. 
See Fig. 53.16. 

53.13 Spillage 
Sometimes belt conveyors go out of alignment causing 
belt to run on one side and material spills over. This 
can hurt workers / vehicles passing underneath when 
belt is at a height. It would be very expensive to 
provide a plate under the entire length of the belt. But 
when belts are crossing roads such a plate should be 
provided to collect spillage so that nobody is hurt. 
See Fig. 53.4. 

The first precaution to minimize spillage is of course 
to attend to belt scrapers and keep them in good 
condition and in contact with the belt. 



Fig. 53.14 
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A 

Fencing along conveyor 

Section "M" 

Safety measures - isolate overland conveyor to keep out cattle etc. 

53.14 Safety Against Explosions 
Dust collectors subject to have explosions are fitted 
with rupturable foils or self-closing spring-loaded 
explosions doors. 

NeWng ro;j~C on road ~r=ton~ Areas around these safety devices should not be 
accessible to workers, as it is never known when 
explosions would take place. 

That is why rupturable foils are placed on the roof of 
the dust collectors - ESP / bag filters. Explosions flaps 
when fitted on sides should be well above height of man. 
See Figs. 53.17 to 53.20. Fig. 53.15 Ropeway crossing road. 

Netting to prevent hand 

1"""""'-'-' I1II ~IIIII r ~;ng p~ ins~e sc_ 

Fig. 53.16 Screw conveyor. 
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Dust collector 

Spring loaded 
explosion flap 

E 
N 
c: 
·E 

Fig. 53.17 Dust collector casing. 

Spring loaded explosion flap on bin 

Fig. 53.19 Rupture foils on roof of bin. 

53.15 Fighting Fire 
Fighting fIre and extinguishing it are also an important 
safety aspects. 

Bag fIlters handling coal dust / ESPs are equipped 
with CO2 injection / spray systems consisting of a 
battery of CO2 can be emptied into the filters to 
smother fire; inert gas generators are also installed to 
smother fIre. If the problem is more severe, ESP can 
be sprayed with water even. 

U sing inert gases from kiln in coal mill section can 
substantially reduce the danger. 

Another vulnerable areas subject to fire hazards 
are: 

1. Bags godowns where jute / polythene bags are 
stored. 

2. Where they are temporarily stacked for feeding 
packing machines. 

Cage to catch explosion flap 

Explosion flap 

Duct 

Fig. 53.18 Explosion flap on ducting. 

Fig. 53.20 Rupture foils on roof of ESP. 

Packing plant and bags godowns must have fire 
extinguishers of the right type at various points to fIght 
fIre if it breaks out. 

A good old measure used to be placing sand filled 
buckets in different comers of a building to smother 
fire. 

Overhead sprinkling system to introduce inert gas 
in the offIces, godowns etc., can also be installed. 
See Fig. 53.21. 

53.16 Storage of Inflammable Materials 
Storage of lubricating oils and greases, kerosene in 
the General Stores should have similar precautions 
against fIre. 



Plan 

1 

3 

Elevation 

Fig. 53.21 Preventing fire in a bags godown. 

Diesel or LSHS oils used to genrate power in D.G. 
Sets must be stored in isolated place with safety 
measures provided as per Factory Acts. 

53.17 Electrical Short Circuits 
A major reason for breakout of fire can be electrical 
short circuits. 

Electrical control rooms, central control rooms, 
MCC, HT, LT substations, etc., need to be provided 
with readily useable fire fighting equipment as per 
norms laid down including spray of water or inert gas 
from roof. 

53.18 Coal Stock Piles 
Stock piles of coal can catch fire during hot months of 
the year due to volatiles in coal getting ignited. Coal 
can continue to bum slowly if it gets oxygen. 
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1 Bags godown 
2 Stand with sand buckets 
3 Overhead sprinkler system of inert gas 

or 
4 Fire extinguishers fixed to wall 

Stock piles if rammed, reduce pockets of air and 
there by minimize risk of slow bum or fire. If under 
cover, they will not be exposed to extreme heat. From 
this angle stock piles of crushed coal are less vulnerable 
to catch fire as voids are less and can be compacted. 

In any case, arrangements to spray water over piles 
should be made. Piles should not be more than 2 metres 
in height. 

Hot burning coal can find its way into mills and can 
cause fire in dust collector. 

As explained in Chapter on coal mills provision is 
made to inject CO2 in the dust collector or an inert gas 
generator is installed to supply instantly inert gas to 
put out fire. Cut off quick closing dampers are used to 
isolate dust collector and to protect it. 
See Fig. 8.8 in Chapter 8 and Fig. 43.32 in Chapter 43. 



CHAPTER 54 

54.1 Need for Sampling 
Tests of different kinds are to be conducted on various 
materials and results recorded at various stages of 
cement production. 

Some tests are 'statutory', laid down by Bureau of 
Indian Standards (or equivalent Standards Institutes 
of each country) and are to be recorded and results 
submitted to BIS for approval so that cement sold in 
market can be stated to be BIS approved or as per 
specific grade of BIS. 

Tests start with basic raw material limestone and 
sampling starts with crushed limestone. Many plants 
have automatic sampling stations for crushed limestone. 

54.2 Samplers and Sampling Station 
A sampler moving across the width of the belt 
backwards and forwards collects small quantities of 
crushed limestone continuously as sample. 
See Fig. 54.1. 
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SAMPLING 

Sample collected, then undergoes further 
processing like further crushing and grinding. It can 
then be conveyed either manually or pneumatically to 
the central sample preparation plant in the laboratory, 
which would have an 'X-ray analyzer'. Fig. 54.2 
shows flow diagram of a sampling station. 

Ground limestone would be formed into pellets of 
standard dimensions and finish by passing it through a 
press. Pellets are sent to 'X-ray analyser'. 

The X-ray analyzer can indicate the chemical 
composition almost instantaneously 

A sampler if installed on belt of rec1aimer 
transporting crushed limestone from stock pile to raw 
mill will help in arriving at efficiency of 'preblending' . 

54.3 Raw Mix - Automatic Samplers 
At raw mill, limestone is proportioned with other 
correcting materials on a continuous basis to arrive at 
a raw mix, which would be close to the desired raw 
mix composition to produce clinker of desired quality. 

2 

1 Belt - discharge end 
2 Hood 
3 Reciprocating sampler 

Fig. 54.1 Collecting samples of crushed stone from belt conveyor. 
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Mixer 

• To the laborato 

Sample collection 

Fig. 54.2 Flow diagram of sampling station. 

54.3.1 X-ray Analyzer 
In large plants 'X-ray analyzer' carries out tests fast 
and sends signals to the weigh feeders of raw mill 
section to change the proportions of limestone and 
additives. To be able to do that, samples of ground 
raw meal are collected regularly before and after the 
blending silo and compared with the desired composition 
of raw mix. 

54.3.2 Automatic Samplers 
Samples of pulverized raw meal are collected by 
automatic samplers installed at strategic points. 
Samplers are small motorized screws which run for 
predetermined times at intervals and collect specified 
quantity of material and send it pneumatically to sample 
preparation room near the x-ray analyzer. 
See Fig. 54.3. 

54.4 Automation in Sampling and Testing 
Today sampling and testing is fully automated so much 
so that these operations are 'untouched by hand'. 

Sampling 505 

1\ , 
'--r, 
I I :3: 
LJ 

~ 

To blending system. 

~ 

Bucket elevator 

l 

~ Main material flow 

• Quantity of samples 

Ej Dust collection 

§ Dust return 

E3 Sample waste 

2 

Pneumatic conveying of cartridge 

3 

1 Pipe through which raw meal, cement and 
coal are conveyed 

2 Sampling screw with motor 

3 Sample collector cartridge which can be conveyed 
pneumatically to the testing laboratory 

However, intermediate solutions are also possible 
such as collecting samples in automatic samplers but 
conveying them manually to the laboratory. 

Fig. 54.3 Collecting samples of pulverised 
materials like - raw meal, coal, cement. 



506 Section 6. LAYOUTS AND DETAILED ENGINEERING 

54.5 Testing Cement 
Tests on cement are statutory tests and must be 
carried out at specified intervals. Samples of cement 
are collected in a similar manner and conveyed to 
X-ray analyzer for chemical analysis. 

Cement samples are to be taken from mill end 
and also from cement silo before dispatch. 

54.6 Coal 
It is also useful to carry out tests to determine calorific 
value, moisture and ash in coal as received and as 
fired on a regular basis. 

The testing time of X-ray analyzer per pellet is 
so short that same X-ray analyzer can cope with 
testing of raw meal, raw mix and cement and clinker 
samples. 

54.7 Clinker 
Clinker samples are also taken and tested regularly 
to ensure that poor quality clinker if any is segregated 
and stored separately. 

54.8 Blending Efficiency 
Tests should also be carried to check blending 
efficiencies of stacker reclaimer systems for 
limestone and coal and of continuous blending system. 
If found below par action should be taken to set things 
right. 

54.9 Design of Sampling System 
Locations of sampling points should be carefully selected 
in consultation with Suppliers of X-ray analyzer and 
sampling equipment and Plant's executives responsible 
for quality. 

Suppliers would furnish specifications of automatic 
samplers and installation drawings; they will also furnish 
sizes of pipe lines and such details as minimum radii of 
bends; specifications of blowers to be procured for 
pneumatic conveying. 

54.9.1 Layout of Plant 
Suppliers should be furnished with general layout and 
departmental drawings of pertinent sections of the plant 
and location of X-Ray analyzer and sample preparation 
room. 

54.9.2 Sample Preparation Room 
Layout of sample preparation room where samples 
received in cartridges will be converted into pellets will 
also be furnished by Suppliers. 

54.9.3 X-ray Analyzer 
Since same X-ray analyzer is used to test limestone, 
raw meal, clinker and cement, synchronization of receipt, 
preparation and feeding of samples from various sources 
is very important. It may be a good idea to automate 
partially to start with and fully when systems have been 
run in. 

In any case it would be a good idea to cross check 
results of X-Ray analyser by conventional methods now 
and then. 



CHAPTER 55 

55.1 Refractories 
Refractories protect steel plates. They also reduce 
radiation losses. Therefore furnaces, kilns, preheaters, 
clinker coolers, calciners and the ducting which carry 
hot gases are lined with refractory. 

Refractory are of three kinds: 

1. Brick. 
2. Insulating brick or blocks. 
3. Castables. 

All are used in cement plants. 

Bricks are used in kilns and prheaters and calciners 
and coolers and t.a.duct and dust chamber. 

Grade of refractory is selected according to the 
application and the temperature it has to withstand. 

Castables are used to line irregular profiles and 
contours like elbows of planetary coolers, raw meal 
pipes where brick lining would be difficult. 

Insulating bricks are used to save on total thickness 
of refractory lining, to reduce weight and to reduce 
radiation losses. They are now extensively used in 
preheater cyclones, calciners, grate cooler walls and 
ducts 

55.2 Properties of Refractories 
Refractories need to have following properties: 

1. resistance to high temperature, 

2. resistance to spalling due to changes in 
temperature. Spalling results in development of 
cracks in brick, 

3. resistance to chemical attack - dust and alkalies 
in kiln gases can adhere to refractory in burning 
zone. Brick that does not possess this slag 
resistance do not last long, 
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4. abrasion resistance - in a kiln, charge within 
the kiln, continuously slides over the brick 
surface; dust in kiln gases also abrades brick. 
The resistance to abrasion is very important for 
bricks in zones where there is no formation of 
coating, 

5. coating properties - this is a very important 
property for bricks to be used in burning zones 
of kilns. Coating protects refractory in the most 
severe duty conditions. 

55.3 Testing of Refractory 
Manufacturers of refractory furnish conventional test 
results like: 

1. compressive and tensile strengths, 

2. chemical analysis, 

3. density and porosity, 

4. thermal conductivity, 

5. permeability. 

In addition there are tests that are now quite 
common. They are: 

(i) Melting point - it is the temperature at which 
refractory begins to sag and lose its shape. 

(ii) Hot load - refractory when under load undergo 
softening at a temperature much below their 
melting point. Load can be their own weight or 
weight of charge in the kiln. 

(iii) Linear expansion or shrinkage - refractory 
under prolonged service will expand ( or shrink). 
Test determines percent linear change at a 
specified temperature. 

(iv) Panel spalling - Frequent heating and cooling 
can develop stresses in refractory which result 



508 Section 6. LAYOUTS AND DETAILED ENGINEERING 

in development of cracks. This test determines 
ability of a refractory to withstand repeated 
changes in temperature. 

(iv) Thermal expansion test measures reversible 
expansion, that is to what extent brick will expand 
when heated and return to original dimension 
after cooling. 

55.4 Types of refractory 

1. Alumina -Silica Group 

The two most important components in this 
group of refractory are Alumina and Silica. Within 
some limits increase in Alumina results in higher 
refractoriness. 

Higher alumina also improves spalling resistance 
and resistance to chemical attack. High alumina 
bricks have higher reversible thermal expansion. 

2. Basic Group 

Basic refractory is manufactured mainly from 
periclase, dead burnt magnesite and chrome ore. 
In rotary kilns magnesite chrome bricks are 
commonly used. 

Basic bricks have a greater resistance to 
chemical attack but have low spalling resistance 
compared to alumina bricks. 

They are preferred in burning zone of the rotary 
kiln because they take on coating more rapidly 
and hold it longer. 

3. Dolomite bricks 

They are mainly composed of CaO and MgO. 
They are used in burning zone of the rotary kiln 
- preferably the center of burning zone. 

4. Spinell bonded brick 

These are bricks with 10-15 % alumina and 80-
85 % MgO. 

Life of these bricks is much longer than high 
MgO-Cr bricks. 

See Fig. 55.8. 

55.5 Properties and Application of 
Refractories 

Table 55.1 in Annexure 1 shows application of 
refractories, insulating blocks and castables in cement 
plants. It also furnishes brief properties of the same. 

Table 55.2 in Annexure 2 shows commonly found 
thicknesses of refractory brick, castable and insulating 
blocks at different locations. 

Tables 55.3 and 55.4 in Annexure 3 show 
properties of different grades of alumina bricks and 
castables respectively. 

55.6 Refractory Shapes 
Blocks arches and wedges are the most commonly 
used shapes for bricks in kilns. Where metric system 
is followed, VDZ and ISO shapes are used. 

Fig. 55.1 shows dimensions of ISO bricks for kilns 
and round vessels and ducts. 

Tables 55.5 and 55.6 show combinations in which 
these bricks could be used. Usually two shapes are 
used in making a ring or round of a kiln. 
See Fig. 55.2. 

55.7 Estimation of Weight of 
Refractory for Kiln 

Kiln is a cylinder. Refractory lining is 150, 200 and 
250 mm thick according diameter of the kiln. Quantity 
of bricks can be roughly estimated 

D = diameter inside shell 

d = diameter inside refractory 

L = length of kiln 

Volume of bricks = 0.785 (D2 - d2 ) L m3 

If bulk density is 1.9 t / m3, 

Weight of bricks = ::::: 1.5( D2 - d2) L tons. 

This is also true of all round vessels like caiciners, 
ducts like t.a. ducts. 

Ready reckoner tables or graphs can be built up to 
estimate weight of refractory for kilns of different 
diameter. 
See graph 55.1. 

Using above formula, for a 4.0 m dia x 60 m long 
kiln with a refractory thick ness of 200 mm, weight of 
refractory would be 

1.5 x 60 ( 42 - 3.62) = 274 tons. 

55.8 Estimation of Weight of 
Refractory in a Preheater 

It is possible to estimate roughly weight of refractory 
of preheater cyclones also. 
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Dimensions-standard rectangular fire brick 
C A -I r "I r 

A 8 C 

230 114 65 

8 

Dimensions-standard arch fire brick 

b A 

0 r -I 
Type A 8 a b 

Y1 230 114 65 59 

8 
Y2 230 114 65 50 

I Y3 230 114 65 32 
I. a .1 

Dimensions of end arch fire brick 

b 8 

0 r -I 
- Type A 8 a b 

T1 230 114 65 55 

A 
T2 230 114 65 45 

- T3 230 114 65 35 
L. a .1 

Dimensions-standard arch fire brick 

c b 

0 n 
Type A a b c 

81 230 114 105 65 

A 
82 230 114 85 65 

'--- 83 230 114 65 65 
I .. a .. I 

Fig. 55.1 Refractories: standard dimensions -ISO Bricks. 
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Brick inside 

Table 55.5 Combination of standard ISO key brick for 
round ducts. 

number of bricks per round 

diameter of duct 
B3 B2 B1 Rectangular 

mm 
Brick 

600 30 

800 23 11 

1000 15 24 

1200 8 37 

1400 50 

2000 43 23 

2500 37 43 

3000 31 62 

3200 28 70 

3400 26 78 

4000 20 100 

4400 13 117 

5000 6 141 

5400 157 

6000 157 

Total 

30 

34 

39 

45 

50 

66 

80 

93 

98 

104 

120 

130 

147 

157 

157 



Table 55.6 Combination of standard ISO arch and rectangular 
bricks for round ducts. 

number of bricks per round 
Brick inside 

diameter of duct Y3 Y2 Y1 Rectangular 
mm 

600 8 30 

800 48 

1000 42 15 

1200 35 31 

1400 29 46 

2000 10 93 

2500 5 

3000 121 28 

3200 121 37 

3400 121 47 

4000 121 76 

4400 121 95 

5000 121 122 

5400 121 141 

6000 121 168 
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Total 

38 

48 

57 

66 

75 

103 

126 

149 

158 

168 

197 

216 

243 

262 

289 
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B 114 mm 

LC 
// c 

C 230 mm 
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2.0 

----+ Diameter in metres inside refractory 

Graph. 55.1 Refractories required in round ducts. 

Kiln refractories - ISO sizes and shapes 
generally - two angles a and b for better wedging 

Fig. 55.2 Refractory lining of kiln. 

If D 1 is diameter of bottom cyclone inside shell in 
mms, then for a 5 stage preheater weight of refractory 
could roughly be : 

1. Firebrick = 0.134 x Dl - 490 tons 

2. insulating brick = 0.0457 x D 1 - 164 tons 

3. castables = 0.0721 x Dl - 272 tons 

Thus if diameter of bottom cyclone inside shell is 
8500 mm- corresponding to a single stream preheater 
of 3000 tpd capacity., 

Refractory required would be : 

(i) brick = 650 tons 

(ii) insulating brick 

(iii) castables 

a total of 

= 225 topns 

= 340 tons 

1215 tons 

To this are to be added refractory for ca1ciner, ta duct, 
dust chamber and interconnecting ducting. 

It can be seen that very large quantities of 
refractory are required to be handled and installed. 



55.9 Laying and Replacing Bricks 
Replacement is largely in burning zone which is about 
one third the length of the pre heater kiln and about 
40- 45 % for calciner kilns. 

Various methods to support bricks during lining 
are used: 

1. to 'glue' a number of rows spread evenly around 
the circle; 

2. to use wooden or metal centers; 

3. to use props of various kinds or screw jacks. 

Large kilns use 'glueing' method. When jack is used, 
a spreader jack is inserted in the final gap to compress 
bricks in a ring. 

In cyclone cones, each ring has a different radius 
and hence requires a different size of brick. 
See Fig. 55.3. 

55.9.1 Laying Insulating Bricks 
Insulating bricks or block are now commonly used in 
cyclones to reduce total thickness and weight of 
refractory lining and to reduce radiation losses. 

55.9.2 Refractory in Vertical Walls 
In vertical walls, retaining rings are welded at about 
one metre spacing so that brick walls are properly 
supported. 
See Fig. 55.4. 

55.9.3 Refractory for roof 
Roofs generally have 'hanging bricks' which are slid 
on beams, welded to under surface of the roof. 
Intermediate space is filled either by castable or by 
glass wool to seal them and to prevent leakages. 
See Fig. 55.5. 

55.10 Permissible Heat Load in Refractories 
Refractories in burning zone would either be + 70% 
alumina or basic bricks. Basic refractories give long 
life and can sustain high thermal loads of 4.4-4.5 million 
Kcal/hr/m2 as compared to alumina refractories. But 
they cannot sustain severe thermal shocks. 
See Fig. 55.6. 
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Generally, therefore 1,1 lining would be done with 
alumina refractories and basic bricks would be installed 
when the kiln is stabilized and runs continuously 24 
hours of the day. 

55.11 Refractory Lining in Calciner 
Refractory lining in a duct is shown in Fig. 43.43 in 
Chapter 43. 

Fig. 55.9 shows cross section of refractory 
drawing of a calciner vessel. For laying insulating 
blocks bolts are required to hold them in place. 
Castables are secured with anchors. Bolts and anchors 
are often in stainless steel to suit temperatures in the 
vessel and duct. 

Fig. 55.4 shows typical designs of bolts for 
insulating brick and Fig. 55.10 shows anchors for 
castables. 

Fig 55.11 shows typical anchors for tubes of 
planatary coolers. 

Laying castables also requires curing with cold 
water and should be done by experts or Suppliers 
themselves. 

55.12 Storing Refractory 
It is desirable to store refractory, castables and 
insulating blocks in~ide a fully covered shed. Since 
most of the refractory materials are required in 
pyroprocessing section, this godown is preferably 
located near it. 

Quantities to be stored will depend on rates of 
consumption and also on shelf life -which is limited 
for castables. Most frequent and regular consumption 
is that of refractory lining in the burning zone of the 
kiln and in throat of cooler. Temperature scanners for 
shell of kiln greatly help in ascertaining actual condition 
of refractory lining; probable date of stoppage for brick 
lining can thus be estimated. Bricks can be ordered 
and stored to be available by that time. 

55.13 Handling Refractory 
In respective sections arrangements needed to be made 
to handle large quantities of refractory have already 
been indicated. 
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Fig. 55.3 Cyclone of preheater. 

2 

4 

5 

1 Duct wall 2 Insulating brick - hysil block 

3 Refractory brick 4 Bolts to hold insulating brick 

5 Lintel to support brick 

Fig. 55.4 Backing of insulating bricks. 

Suspension refractory for roofs of 
cyclones of preheater and grate cooler 

Ill' 

Fig. 55.5 Roofs of cyclones of preheater and 
grate cooler. 



Fig. 55.6 

Fig. 55.7 

Fig. 55.8 
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Magnesia 
(basic) brick 

- __ .!. __ - __ - __ 1- _______ 1 _____ _ 

Typical refractory lining of a precalciner kiln. 

1 mm 

Compensation for thermal expansion 
across the kiln section. 

I 
Alumina brick 

1,2,3 Tyres 

55.14 Consumption of Refractory 
Like sp. fuel consumption and sp. power consumption 
there is also a yardstick of specific consumption of 
refractory. When plant starts operation, watch should 
be kept of consumption and 'generic' causes to be 
looked into if it is too high. 

..?7277A 1 0 1==1 0 
2 

D 0 C==:::J 1 H 
3 4 

Heat insulating magnesite chromite MC or periclase spinel bricks MS. 
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'A' 

-.l 

Fig. 55.9 

'A' 

-L 

'E' 

'X' ...-

Detail at '0' 

Section'M' 

View from' X' 

Refractory lining of a precalciner showing anchoring of castables and 
laying of brick and insulation blocks, 

Detail at 'E' 
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Annexure 1 

Table 55.1 Properties of refractories commonly used in cement plants. 

Srno Specification Hysil Fireclay High Castable Castable Castable 
blocks Brick 40 % alumuna Firecrete White heat White 

alumina 70% special 'A' heat 
alumina 'C' 

1. Location Preheater Preheater kiln Kiln burning Preheater kiln Preheaeter 
Cooler canciner cooler zone Cooler kiln 
calciner calciner 

2. Service 950 1400 1600 1350 1750 1500 
temp. max °C 

3. Refractoriness 1700 1820 1450 1800 1650 
°Cmin 

4. Bulk density 260 2300 2450 2250 2800 2100 
Min. kg/m3 

5. Linear change 2 ~0.8 ~2 ~ 0.8 at ~ 1.0 at ~ 1.0 at 
Max % at 1400 °C at 1500 °C 1350 0 C 1550 0 C 1550 0 C 

for 3 hrs for 2 hrs for 2 hrs for 3 hrs for 3 hrs 

6. Cold crushing 120 300 480 400 550 350 
strength 
kg/cm2 at 
100°C 

7. Porosity max - 25 23 - - -
% 

8. Refractriness - 1400 1480 - - -
underload 
minoC 

9. Chemical Calcium 
analysis slicate 
Alumina % blocks 40 70 45 90 50 
min 

10. Fe?O~ % max 3 2.5 4 0.8 1.5 
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Annexure 2 

Table 55.2 Typical thicknesses of refractories for applications in cement plants. 

Sr. No. Item Location Total brick insulating Castables 
Thickness brick/block 
mm mm mm 

1. Kiln Burning zone 150 for 150 - -
small kilns 
200-250 200 - -
for 250 
large kilns 

Rest of shell As above 
Discharge end 
Kiln inlet 

2. Riser duct 215 115 100 

3. Preheater Cyclones 230 150 80 
cylindrical part 
Cyclones conical 230 150 80 
Part 
Cyclone roof 240 - -
Hanging bricks 
Inlet duct 190 115 75 
Outlet duct 190 115 75 
Raw meal pipes * 

4. calciner Vessel 300 150 150 
Cone 300 150 150 
Outlet 300 300 
Mixing chamber 215 115 100 
T. A. duct 215 115 100 
dust chamber 215 115 100 
branch duct 180 
take off duct 215 115 100 * 

5. Grate Throat * - * 
cooler Roof hanging 240 240 - -

bricks 
Side walls 215 115 100 



Grade 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Annexure 3 
Table 55.3 Typical specifications of high aiumina bricks. 

Alumina 
min 

80 

70 

70 

70 

60 

60 

60 

50 

45 

40 

Property 

Max. service temp. 

°c 

Refractoriness 

°c min 

Dry d~"sity 

Kg/m3 

Linear change 

% max. 

CCS Kgs/cm2 min 

at 110°C 

1350 0 C 

1450 0 C 

AI20 3 min % 

Fe20 3 max % 

Max.grain size mm 

Fe20 3 B.D. A.P. C.C.S. P.C.E. 
max gm/cc % max Kglcm2 °Cmin 

min 

3.35 2.7 24 500 37-1820 

2.25 2.65 22-23 400 38-1835 

1.5 2.65 22 500 37-1820 

3.5 2.65 23 500 36-1684 

2.5 2.5 21 500 36-1804 
37-1820 

2 2.5 21 500 36-1804 
37-1820 

3.5 2.55 24 500 35-1785 

3.5 2.4 25 400 33-1743 

3.5 2.4 25 350 32-1717 

3 2.3 25 300 32-1717 

Data mainly relevant for machine moulded bricks 
Size tolerance ± 1.5 % or + 2 mm whichever is greater 

Annexure 4 
Table 55.4 Typical specifications of castables. 

Grade of Castable 

1 2 3 

1400 1350 1450 

1580 1450 1680 

2100 2250 2500 

±1 ± 0.8 ±1 

1400 °C/2 hrs 1350 °C/2 hrs 1400 °C/3 hrs 

250 400 350 

225 300 -
- - 450 

45 45 70 

4 4 5 

5 5 5 
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RULTa PLC 
minoC %at 

1500 0 C 
per 2 hrs 

1450 ± 1.5 

1600 ± 2.5 

1500 ±0.5 

1450 ±2 

1550 ±0.5 

1550 ±0.5 

1450 ±1 

1400 ±1 

1400 ±1 

1400 ±1 

4 

1500 

1680 

2650 

±1 

1400 °CI 3 hrs 

500 

-
600 

70 

4 

5 



CHAPTER 56 

56.1 Insulation and Lagging 
In ducts carrying hot gases heat would be lost to 
atmosphere by convection and radiation. Temperature 
of gases would fall in the process. When gases are 
used for drying, it is necessary that care is taken that 
this does not happen. For this purpose, hot ducts are 

2 

4 

';, 

1 Aluminium cladding 

2 Insulating material like glass or rock wool 

3 Duct carrying hot gas 

4 Lugs welded to dueting to fix mats of insulating 
material 

Fig.56.1 Insulating and clading of ducting. 
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covered with insulating materials like glass wool, rock 
wool or mineral wool. 
See Fig. 56.1. 

Should the temperature of gases be more than 
350-400 °C on a continuous basis, mild steel would not 
stand it and in such a case, duct would be lined from 
inside with refractory as is done in case of duct carrying 
tertiary air from grate cooler to calciner. 

In case of bag filters and esps, where temperature 
of gases being treated is close to dew point, it is 
necessary to insulate the casing and hoppers to prevent 
condensation of water on the walls of the casings of 
dust collectors. This can readily happen because of 
difference between day and night temperatures. 
Insulation maintains constant temperature of walls also. 

56.2 Insulation of Conditioning Tower 
Gas conditioning tower (gct) is used to condition gases. 
Water is sprayed in the tower to improve humidity. 
Quantity of water to be sprayed is controlled by either 
temperature or humidity of gases leaving gct. This 
control would be ineffective if temperature of casing 
of the tower varied by exposure to atmosphere. For 
this reason, casing of gct is insulated and lagged. 

56.3 Application of Insulating Materials 
Insulating materials are rock, mineral or glass wool. 
Insulating mats of these materials are available in 
standard thicknesses. WIfe netting and stitching maintain 
thicknesses of mats. Mats are wrapped around the 
ducting and casing. Lugs are welded to ducting at 
suitable intervals and aluminium sheets are wrapped 
over the matting to hold it in position and to protect it 
from wind and rain etc. This covering is called 
'cladding'. Aluminium cladding also reflects heat. It 
also indicates that ducting is likely to be hot and should 
not be touched. 



Where duct shapes are irregular and matting cannot 
be done, loose material would be used. Such material 
is also used in expansion joints to prevent leakage. 

56.4 Properties of Insulating Materials 
Insulating material has to be light in weight so as not 
to add to the weight of the ducting. Another important 
property is thermal conductivity or 'k factor'. 

Properties of insulating materials are covered in 
standards taken out by Bureau of Indian Standards. 
See Tables 56.1 and 56.2. 

Table 56.1 Apparent density under load. 

Sp.load Glass wool Rock wool 

kg/em 2 Max. apparent density kg/m3 

0.01 130 115 

0.02 145 130 

0.05 180 165 

0.07 210 185 

0.10 240 200 
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Table 56.2 Thermal conductivity 'k value" 
in mW/cm deg 

Temp. Glass wool Roekwool 
°C at 100 kg/m3 

K value in mW/em deg 

50 0.43 0.50 

100 0.52 0.56 

150 0.64 0.68 

200 0.78 0.80 

56.5 Volume of Insulating and Lagging 
Costs in a Cement Plant 

In a large plant ductings carrying hot gases, bag filters 
and esps requiring insulation are large. Total job of 
insulating and cladding is substantial in volume and 
costs. It can be undertaken after the ducting has been 
installed and after dust collectors have been erected. 
The job would normally be given on contract. 
Recommendations of quality of material and thickness 
of insulation could be obtained from manufacturers of 
insulating materials and suppliers of dust collectors. 



CHAPTER 57 

57.1 Fans 
In Chapter 17 of Section 2, the various applications 
of fans in a cement plant have been dealt with. 

How they are sized has also been explained 
application wise. 

Fans range from small size required for air slides 
and for cooling nose ring castings to very large fans 
for preheater, kiln dust collectors and cooler vent. 

Fans must be selected according to the specific 
duties they have to perform; taking into account volume, 
static pressure, temperature and dust burden of gases. 

Aim will be to select the most energy efficient fan 
consistent with the duty requirements. 

57.2 Requirements of Layout 
Requirements of layout in locating fans in different 
departments have also been dealt with in detail. 
Separate chapters have been devoted to fans - like 
Chapter 16 for preheater fans, Chapter 23 for 
cooling air fans and Chapter 24 for cooler vent . 

Therefore there is no need to repeat them. 

57.3 Common Principles 
Some common principles though may be stated: 

1. For applications like supplying air to closed air 
slides and open air slides for aeration inside silos, 
fans must have dry washable filters at inlet. 

2. Materials of construction of impellers and 
casings of fans required to handle dust laden 
gases must be carefully chosen. If required, 
impellers should be fitted with wear resistant 
liners and also casing. 
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3. Choice of type of impeller is also important for 
such applications. 

Though backward curved bladed impellers are 
most efficient and are ideal for fans that handle 
clean air, they are prone to accumulation of dust 
when handling dust laden gases like preheater 
fans. 

4. Layout of ducting between machine and fan and 
another machine or chimney should be short and 
direct. Bends should be minimum and with 
generous radii. 

5. Fans should not transmit their vibrations to 
ductings. In the first place they should be 
statically and dynamically balanced. 

6. For large fans moment of inertia should be 
known and motors should be selected taking it 
into account so that they do not take too long to 
start. 

7. It is best to use variable speed drives when 
system warrants them. 

8. For large fans using hot gases, heat slingers 
should be used to protect bearings from heat. 
When required bearings could be water cooled. 

9. Slow speed fans would be bigger for the same 
capacity but would have longer life other things 
being the same. 

lO. Dampers should be selected primarily for 
starting fans on no load; however if they must 
remain in circuit in operation, then such types 
as will cause least pressure drop should be 
selected. 



11. When quantity of air delivered is to be measured 
and regulated on a continuing basis, then provision 
must be made in the layout for the same at the 
inlet of the fan. 

12. Large fans should have their impellers supported 
on both sides. 

Double entry fans are better from this point. 
They also eliminate bends at inlet where dust 
can accumulate. 

Fans 525 

13. While fans should not become bottlenecks in a 
system, they should not be oversized either as 
efficiency at operating point would not be 
maximum. 

57.4 
Annexure 1 furnishes data on dust burdens in air/ 
gases to be handled by fans for different applications. 
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Annexure 1 
Dust Loads in various Exhaust 

and Vent Gases to be handled by Fans 

51.No. Fan required for Type of Dust Burden Remarks 

Dust Collector gm/m3 

Max. Min. 

1. Crushing plant-Primary & Secondary Poly-Cyclones 15 9 

2. Raw Mill Circuit Bag Type Negligible 

3. Pre-Collector for Booster fan Poly-Cyclones 100 70 

4. Raw Meal Blending & Storage Silos Bag Type Negligible 

5. Kiln Feed Bag Type Negligible 

6. Waste Gas Fan after Preheater Nil 30 12 

7. Exhaust Fan after Poly-Cyclones Poly-Cyclones 20 9 
&Multi-Cyclones 

8. Reciprocating Grate Cooler Vent Multi-Cyclones 12 9 

9. Circulating Air Fan for Coal Mill Poly-Cyclones 100 

10. Primary air Fan 100 30 

11. Cement Mill Circuit Bag Type or E.S.P. Negligible 

12. Cement Storage Silos Bag Type Negligible 

13. Packing Machine Bag Type Negligible 

14. E.S.P Fan after E.S.P E. S. P Negligible 

Notes 

1. Whereas the dust burden to be handled by the exhaust fans after Bag Type Dust Collectors has been indicated 
to be negligible, there would be occasions when torn bags in any compartment would cause dust to escape 
with the exhaust gases. Thus, for some period of time the exhaust fan would have to handle approximately 
5-10 gm/m3 dust burden. 

2. Classification of Dust: 

Limestone Dust 

Crushed or Pulverised Mildly Abrasive 

Clinker Dust ... Very Abrasive 

Coal Dust ... Mildly Abrasive 

Cement Dust ... Abrasive 

3. All cooling air fans for Grate Cooler and fans for Pneumatic Gravity Conveyors would handle ambient air. The 
suction of fans and blowers for Pneumatic Gravity Conveyors should have a suitable filter. However Grate 
Cooler Cooling Fan need not have suction filters. 



CHAPTER 58 

58.1 Compressors and Blowers 
Fans either draw gases / air through a system 
overcoming its resistance or push air through the system 
against this resistance. 

Fans would generally develop a maximum of 1000 
mm wg pressure. 

Blowers (generally meaning Roots Blowers) and 
Compressors convert air at atmospheric pressure to a 
higher pressure corresponding to the resistance of the 
system. 

Blowers develop pressures up to 2 kglcm2 in one 
stage. There are multi stage applications like multi 
stage water pumps. 

Compressors develop much higher pressures. Some 
applications require pressures as high as 7 kg/cm2• 

Most common blowers are 'Roots' or positive 
displacement blowers. Common types of compressors 
are rotary, reciprocating and screw compressors. In 
reciprocating compressor 'opposed piston' compressors 
have been developed in which there are two working 
strokes per cycle. 

In Chapter 18 of Section 2, various applications 
of blowers and compressors have been dealt with 
and need not be repeated. 

58.2 Central Compressor House 
There is no such thing as a 'central fan house'. But 
there is a 'central compressor house' in cement plants 
where compressors required in two or more 
departments are located. 

In theory each application should have its own 
dedicated compressor or blower. Even if there is a 
central compressor house it only means a central 
location. 
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Supplying compressed air to a group of similar 
machines through a header receiving it from a battery 
of compressors and receivers is feasible but not 
advisable. This is because air will not go in quantities 
required to each machine always but would tend to go 
through path of least resistance. Therefore even if 
requirements of compressed air for dust collectors for 
purposes of cleaning bags are small and it is tempting 
to supply a number of dust collectors from one or two 
compressors working in parallel, it is not advisable to 
do so. 

Locating compressors under one roof has its 
advantages particularly when they are water cooled. 

Air entering compressors can be better filtered (in 
addition to compressor's own individual filter) by 
installing filtering media on doors and windows of the 
compressor house as shown in Figs. 9.11 and 9.12 
in Chapter 9. 

58.3 Filtering and Purifying Air 
Specific applications like supplying air to aeration media 
of blending or storage silos require that air should be 
free of oil and water. Hence great care needs to be 
taken to ensure this by installing air and oil filters in 
pipe lines for these applications close to the point of its 
entry into silos. 

In Chapter 4S guidelines to be followed in laying 
out pipe lines have been explained. Layout should 
permit easy access for inspection and maintenance. 

58.4 Recommendations for Compressors 
Recommendations for compressors and blowers should 
be obtained from Suppliers of machines using the 
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compressed air. Suppliers should be told if Company 
intended to install compressors in one or two 
compressor houses. They should be furnished with the 
plant layout showing respective locations of 
compressors and machines so that in making the 
recommendations for compressed air Suppliers would 
take the length of pipe lines into account. If this is not 
done, machine would get air at lower pressure and 
hence performance of machine could be affected. 

Designers of pneumatic conveying machinery 
should also indicate safety valve settings of 

compressors so that Compressors can overcome 
momentary chokes in the pipe line. 

58.5 Layout of Compressed Air and 
Water Pipe Lines 

Layout should integrate water and compressed air pipe 
lines. They should be laid systematically without 
cluttering or crossing one another. It is useful to draw 
the pipe line layouts on drawing board before 
undertaking installation. 
See Figs. 9.11 and 9.12 in Chapter 9 and Fig. 46.6 
in Chapter 46. 



CHAPTER 59 

59.1 Good Housekeeping 
Good 'Housekeeping' is all about maintaining things 
neat and tidy and dust free at all times during operation. 

As the name implies, good housekeeping is very 
much like keeping the 'home' neat and tidy which a 
house wife does day after day with love and care. 

It is not a 'one off' job even when all care has 
been taken in its design and engineering. 

In a cement plant we deal with thousands of tons 
of bulk materials and with thousands of cubic metres 
of dust laden gases. Even a minute percentage of dust 
or spillage permitted to accumulate can soon assume 
ugly proportions and things can begin to go out of hand. 

59.2 Continuous Watch Required 
Therefore it is necessary to be as watchful as a house 
wife in spotting dust and dirt and in getting rid of it. 

The well known adage that 'a thing not in its place 
is dirt' very well defines the scope and work involved 
in housekeeping. 

59.3 What is Housekeeping about 
In the simplest form housekeeping will seem to be about: 

keeping floors and passages clean and washed, 

keeping buildings free of dust, dirt and cobwebs, 
keeping roads swept regularly, 

providing facilities like dust bins to deposit waste 
materials and their regular disposal, 

prevent leaking pipelines. 

However it is much more than that. It is a self 
discipline and a way of life that does not tolerate 
irregularity and uncleanliness and which does not stop 
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at mere tidying up but goes to the bottom of things to 
find out why some spots are more prone than others in 
collecting dust and spillage. 

59.4 Chronic Problems 
Any housekeeping problem that repeats itself needs a 
solution that removes the root cause of the problem. 

For example, it is quite common to come across 
spillages under belt conveyors. The heaps become 
higher and higher. Mere removal does not solve 
anything. Heaps will continue to build up till root cause 
of spillage itself is studied and removed. 

It could be that belt has been running on one side 
and material spills over; it could be that scraper is not 
functioning or is not the right choice for the situation. 

Therefore those who are in charge of housekeeping 
should be always on the look out for the weak spots 
and take assistance of engineering and operations to 
find lasting solutions. 

59.5 Departments that Need Intensive Care 
Easily the departments which collect large quantities 
of dust are packing and dispatches. Jute and hdpe bags 
that are used in large quantities in this country for 
packing cement have seams that get stuck in fixtures 
on belts and truck and wagon loaders. In the process 
of packing and dispatching operations generation of 
dust is unavoidable. Hence close and continuous 
attention needs to be given to collect the spillage on 
floors and platforms and in returning it to the stream. 

In packing plants, dust is returned to elevators which 
discharge it into silo or to screen above packing 
machines. 
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Screening dust to remove foreign bodies is very 
important. 

59.6 Equipment Available for Housekeeping 
Fortunately mobile industrial vacuum cleaners are now 
available to cover long distances and large areas and 
to deal with large volumes also. 

Buildings and offices in particular can be swept by 
vacuum cleaners. Paper shredding machines can be 
used to dispose of unwanted waste paper created in 
the course of the day in offices, drawing offices. 

Such equipment should be included in the capital 
costs of the project at the planning stage itself. 



CHAPTER 60 

60.1 Co-Generation 
Heat in waste gases could be converted into electricity. 
Waste heat could also be used to generate steam or to 
heat rooms as is done in central heating. This is known 
as 'co-generation'. 

60.2 Waste Heat in Cement Plants 
In cement plants waste heat in kiln and cooler exhaust 
gases has always been used to dry raw materials and 
coal; some times to dry blending materials also. 

This drying naturally gets first priority as it is vitally 
linked with production of raw mills and coal mills. 'Co 
generation' can be done if there is still any surplus 
waste heat left. 

60.2.1 Heat Content of Waste Gases 
Heat content of waste preheater gases has come down 
appreciably with 6 stage preheaters. Quantity of gases 
as well as their temperature have come down. 
Presently sp. gas volumes are about 1.5 nm3/ kg clinker 
and temperatures are between 270-280 DC. Further 
preheater gases are used to dry coal in coal mill also. 
Thus waste heat in preheater gases is now fully used 
up. Co generation from preheater gases is no longer 
feasible. 

Vent gases leave cooler at::::::: ISO-180°C. With new 
developments in clinker cooler volume of waste gases 
has come down to 1-1.2 nm3/kg clinker. 
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60.3 Feasibility of Cogeneration 
In co-generation not only volume but differential in 
temperature is also important. 

From these points co-generation to produce 
electricity does not appear to be an attractive proposal 
any longer unless proposals in which 'thermic fluids' 
are considered. 

60.4 Co-generation from 
Exhaust of D.G. Sets 

One area where co-generation can still be considered 
is using waste gases from diesel generating sets. 
Temperature of these gases is around 300 °C and it is 
feasible to use them. About 5 % of the rating of the 
d.g.set could be converted into electricity. 

60.5 Other uses of Waste Heat 
Use of waste gases for generating steam or for central 
heating is feasible but these applications are limited in 
scope in a hot country like India. 

But even here they could be considered for plants 
located in places like Himachal Pradesh and 
Meghalaya. 

60.6 
A typical scheme for co-generation is shown in 
Fig. 60.1. 
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SP waste heat boiler using gases from preheater and or cooler vent 

Flasher 

Drain pump 

Aoc hot water producer 

Boiler feed water pump 

Fig. 60.1 Scheme for co-generation in a cement plant. 
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CHAPTER 1 

1.1 Selecting Right Plant and Machinery 
An important aspect of setting up a cement plant is to 
choose the right type of plant and machinery to suit 
raw materials and fuel proposed to be used to make 
cement. 

In Section 1 we have seen the processes that are 
available and in Section 2 various machinery that is 
available from a large number of designers of cement 
plants. 

It is not an easy task to select right type of main 
machinery and auxiliaries from among the several 
designs available. For instance in crushing there are 
several options like hammer mill or impactor; one or 
two rotor crusher; mobile or semi mobile crusher as 
against conventional stationary crusher. 

There are several well known designers and 
manufacturers of each of these types of crushers. 
Truthfully their designs are proved in operation. 

Which one to use from the several options that are 
available - choice is often difficult. 

Ordering all the machines and auxiliaries and 
electricals is in itself a big and long drawn out job even 
for medium sized plants. Stakes are much higher for 
large plants. 

1.2 Indigenous or Imported Machinery 
One of the first considerations is whether machinery 
would be bought from indigenous manufacturers or 
imported. 

Indigenous machinery would be cheaper. What then 
needs to be looked into is the experience of the 
manufacturer and the plants that he has already 
delivered and his track record. 
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All over the world there are only a handful of original 
designers and makers of cement machinery. They have 
over the years 'licensees' in several countries. If the 
indigenous machinery manufacturer has (or had for 
sometime in the past) technical collaboration with one 
or more of this 'elite' group so much the better. 
Pedigree is thus established. 

Some of the recently developed machinery like 
roller press for instance are not included in the technical 
collaborations entered into by the 'elite' group with 
indigenous machinery manufacturers. In such cases it 
is necessary to import the machinery wholly or partly. 
For instance casings can be made to drawings 
furnished and rollers and bearings and drive would be 
imported. Till recently vertical roller mill used to be 
ordered in this fashion. 

Licensee would make casing and small parts like 
separator, flap valves. Rollers, table and yoke and 
gearbox would be supplied by the Principal. 

Such options are also acceptable because of the 
'pedigree' mentioned above. 

One of the first steps therefore in procuring the 
machinery is to classify it according to source
indigenous and imported. 

1.3 Shortlisting of Suppliers 
To list out machinery and their reputed and established 
manufacturers. For example: 

Large crushers - Hammermills and Impactors 

Foreign designers and manufacturers of imported 
crushers would be : 
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Hammermills of U.S.A. 

Krupp of Germany. 

Hazemag of Germany. 

If indigenous procurement is considerd, do these 
Companies have licensees in India; who are they and 
what is their track record. 

Krupp India and FLSmidth India are licensees of 
Krupp and Hazemag. If their respective technical 
collaboration agreements include crushers then it would 
be possible to obtain indigenously Krupp and Hazemag 
crushers made by their respective licensees. 

This kind of exercise narrows down the number of 
Vendors who should be approached to invite offers 
and it should be under taken for all major machinery 
and auxiliaries in the cement plant. 

Next the capabilities oflikely indigenous machinery 
manufacturers should be looked into closely-as regards 
sizes already made; whether they have facilities to 
make larger sizes; their set up for ensuring quality in 
manufacture. ISO Certification may be an indication 
of their infrastructural set up. 

Consistent with the size of the plant and sizes of 
machinery required, only selected manufacturers 
should be approached for inviting offers. This would 
greatly reduce work load and save time in reaching 
decisions. 

1.4 Work Before Floating Enquiries 
A lot of preliminary and preparatory work is thus 
necessary before offers are actually invited. The 
'basics' elaborated in Section 1 should be taken into 
account and also latest designs of machinery available 
as explained in Section 2 to formulate and crystallize 
the types of machinery and features they must have 

for the proposed cement plant. Pertinent flow charts 
and system designs should also taken into account. 

1.4.1 Performance Norms 
There is always more than one way to reach the 
destination. Thus almost always machinery of more 
than one manufacturer could be suitable. To be able to 
choose what would suit one most, it is necessary first 
to decide upon the performance norms and look them 
in the context of raw materials available and fuel that 
would be used. This will further narrow down the field 
for selection. 

1.4.2 Guidelines for Selection 
Assistance should be taken of the Consultant in this 
respect. He should clearly state the type of machinery 
most suitable for optimum performance in each case, 
for example: 

Single stage crushing - hammer mill or impactor in 
the context of quality of stone and ratio of reduction. 

Mobile or semi mobile crusher - to reduce 
transportation costs vis a vis spread and location of 
deposits. 

Vertical roller mill with external circuit - with 
conventional or high efficiency separator. 

Whether mill should have one or two fans and where 
there would be cyclones before the dust collector. 

Such aspects and their impact on operational 
parameters like power consumption, overall operational 
advantages and cost of machinery should be discussed 
with an open mind with the Consultant. 

Enquiries for machinery can then be formulated 
with the help of Consultants. 



CHAPTER 2 

2.1 Formulating Enquiries 
To obtain right quotations of machinery it is most 
desirable that enquiries are spelt out with great care 
and in detail. 

Vendor must be told if he has to quote for a specific 
machine or the whole section. No manufacturer makes 
every item of machinery required to make the section 
complete. 

2.2 Buying from one Source 
It is a basic policy decision as regards buying 
machinery from one source or to go 'shopping' for 
what are commonly expressed as 'bought outs'. 

It certainly saves money to buy directly the' bought 
outs' rather than buying them through the vendor of 
main machinery. 

In the event of going 'shopping', Vendor may take 
responsibility for specifications only and not for their 
performance not even for specific power consumption 
for the department as a whole. 

On the other hand Buyer has to have sufficient 
organizational strength to do all the work of selecting 
and buying the 'bought outs'. 

2.3 Works Contract 
In this category also falls the option whether ordering 
will be on 'supply' basis or on basis of 'works contract' . 
In 'works contract', Vendor takes total responsibility 
for not only supplying but also for erecting and 
commissioning the plant. 

Both modes have some advantages and some 
disadvantages. Consultant should be in a position to 
advise the course to be adopted taking into account 
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organizational strengths that would be required by the 
Purchaser in each case. 

2.4 TEFS helps in Formulating Enquiries 
If the Buyer has got prepared a Techno-Economic 
Feasibility Study, with the help of a Consultant, he is 
already aware of the options available in processes 
and in equipment. In fact capital costs would have been 
worked out for processes and equipment that would 
suit raw materials, fuel, site conditions and type of 
deposits. 

Thus TEFS will be a good starting point for 
formulating enquiries. System flow charts would be 
available, capacities of sections and machinery in it 
would have been worked out from Section 1. Sectional 
machinery schedules could thus be worked out. 

2.5 Enquiries Proper 
Depending on decisions in matters referred to in 
paragraphs 2.2 and 2.3, enquiries could be section 
wise or machinery wise under cover of a General 
Letter inviting quotations. 

A typical covering letter is enclosed in Annexure 1. 
Quotations are often invited in two parts - 'technical' 
and 'commercial'. Technical part is made available to 
technical personnel and Consultants to evaluate offers. 
Commercial part will be referred to Finance and 
Accounts departments. 

2.5.1 Enquiries Specifications 
Besides flow chart and machinery schedule, enquiry 
should furnish detailed 'duty requirements' of each 
machine and auxiliary. It will ensure that the Vendor 
understands buyer's requirements and preferences. He 
can then prepare his offer as required by the Buyer. 
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From this point, 'Enquiry Specifications Sheets' 
(ENQS) are prepared- section wise and machinery 
wise. 

ENQS will spell out site conditions, duty 
requirements, properties of materials to be processed, 
fuel to be used, power available, margins to be kept in 
sizing and performance expected. 

ENQS will also define battery limits and scope of 
supply. 

It will also list data and drawings to be submitted 
with the offer. 

Such a procedure would ensure that all Vendors 
will submit offers which would differ only in specific 
design features of machinery of respective 
manufacturers but would satisfy duty requirements 
fully. 

This is particularly important for 'scope of supply'. 
Considerable time is lost in bringing offers 'on par' in 
this respect. 

Vendor is also clear from ENQS the guarantees 
and warrantees that he is required to take. 

ENQS are like 'standards' which stipulate 
'minimum' , leaving Vendor free to make 'better' offers. 

A set of typical ENQs is enclosed. 
See ENQS 1 and ENQS 2. 

2.7 Standardising Offers 
Each Vendor has his own way of preparing offers and 
submitting details. Offers received from different 
vendors can and almost always do differ in contents 
and manner of presentation. This makes evaluation 

difficult and time consuming both for the Buyer and 
the Consultant. 

To make assessment easy and objective, enquiry 
also contains 'Technical Data Sheets' (TDS) for major 
machinery and auxiliaries. More about TDS in the Next 
Chapter. 

It is also possible to prepare enquiries by putting 
together similar machinery in different sections - like 
material handling equipment, fans, compressors and 
blowers, bag filters etc. 

Enquiries for motors and gear boxes, cables, 
transformers etc., would generally be sent on this basis. 

2.8 Commercial Aspects of Enquiries 
Commercial part of the enquiry is equally important 
and should contain important commercial terms like: 

Delivery, 
terms of payment, 
prices - fixed or variable - 'for' or delivered 
at site, 
various duties and taxes - what are included 
and what are not, 
performance guarantees and warrantees and 
their terms, 
terms for erection and commissioning, 

If commercial terms are received on 'similar basis' 
and in the same sequence, comparison is easy. 

The whole idea in 'formatting' enquiries is to save 
time in collecting missing data, cross correspondence 
and in objective assessment. 

Normally it is best to have a meeting with Vendors 
after they have received the enquiry but before they 
submit the offer so that Buyer and Vendor are on 'same 
wave lengths'. 
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Annexure 1 

GENERAL COVERING LETTER 

Proposed New Cement Plant 

At 

Inquiry for 
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Date 

1. Preamble 

--------Company which is already operating - cement plants with an installed capacity 
of mtpa is proposing to install a new cement plant to produce opc / opc and ppc / opc and slag 
cement with a capacity of million tons per annum. 

The Company is in the market to buy the plant and machinery required in the various sections of the plant 
for this expansion. 

2. Offers invited for 

We are therefore inviting your offers for·----------------------
as per the duty requirements and scope as given in the enclosed Enquiry Specifications (ENQS) Your 
offers are invited for the complete section that is machinery and auxiliaries that together make the section 
complete including drives. Where a Vendor is not in a position to include all items of his own manufacture, 
he should quote for machinery of his manufacture and furnish budgetary prices for other items so that the 
Company gets a complete picture of the costs of the section. 

Your offer should be in two parts viz. Technical and Commercial. 

3. Technical Aspects 

The Technical part should contain: 

1. Process flow chart for the section showing battery limits. 

2. Material and gas balance, temperature and pressure/draught profile under normal operating conditions 
at rated capacity. 

3. Machinery schedule of the equipment included showing size, capacity, numbers, weight and drive 
details. 

4. Specifications of major machinery and auxiliaries and technical data as per proforma (TDS) enclosed 
which should be returned duly filled. 

5. GA drawings of machinery. 

6. Data such as moment of inertia, speed torque curve, pressure volume curve (for fans). 

7. The performance that you would be prepared to guarantee against penalties. 

In particular in terms of capacity (tph or tpd), quality of product, sp fuel consumption, sp power 
consumption, degree of accuracy as would be pertinent to the machinery offered. 

8. A reference list of plant and machinery similar in size and capacity supplied and in operation. 

9. Catalogues of major machinery and auxiliaries highlighting their special features. 

10. Scope of supply should be clearly defined. 
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4. Commercial Aspects 

The Commercial part should contain among other things: 

1. Prices on 'for' basis for indigenous machinery and fob basis and also 'cif' in US $ for imported 
machinery; taxes and duties, insurance and freight charges payable in local currency to arrive at 
price as landed at the plant. 

2. Delivery - the shortest that the vendor can offer and guarantee against penalties. 

3. Specific performance would have to be guaranteed against penalties. Vendor should indicate his 
terms for the desired guarantees as indicated in the enclosures. 

4. Warranties for design and workmanship and materials of construction would have to be offered for 
a period of minimum 12 months from date of commissioning. Vendor should i~dicate his terms for 
the warranties. 

5. Terms of payment - the first advance, progress payments if any and payments against invoices. 
Company proposes to withhold 5% as retention money, which will be released after satisfactory 
completion of performance trials. A proper protocol will be drawn with the successful Vendor for 
this purpose. 

Your offer in duplicate should be received by the Company within 4 weeks of this date. 

Thanking you, 

xxxxxxx 

For---- Cement Company 

Encl.: General guidelines 

Enquiry specifications (ENQs) 

Technical data sheets (TDSs) 



ENQS NO.1 

Site Conditions 
1 altitude 
2 ambient temperature 
3 power supply 
4 HT motors 
5 LT motors 
6 fuel used 

calorific value 

GENERAL GUIDELINES 

(illustrative only) 
300 m above sea level 
35 DC 

132 KV, 3 phase, 50 cycles 
6.6 KV, 3 phase, 50 cycles 
415 V, 3 phase, 50 cycles 
coal 
gross 4800 kcal/kg 
useful 4300 kcal/kg 
ash 35 % 

fixed carbon ~ 52% 
volatiles ~ 30 % 

moisture 8-10% 
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2 Margins for working out capacities and for sizing 
1 design margin 10 % over rated capacity 

15 % over design capacity 2 in feeders, conveyors, elevators etc. 
3 in fans 10 % on volume and 20 % on pressure over design capacity 

60 % over design capacity 4 in clinker conveyors 
5 in kiln motor 
6 in other motors 

60 % over b.h.p. at design capacity 
15 % over required bhp at design capacity 
rounded off to next higherstandard rating 
and international frame size; 
high torque motors preferred. 
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ENQS NO.2 

Enquiry Specifications for 

Pyro Processing Section 

Beginning with Kiln and Ending with Grate Cooler 

1 Scope: The Pyro processing section comprises of: 
1 6 stage cyclone preheater and fan. 
2 Dry process rotary kiln with coal firing. 

3 On / off line ca1ciner complete with tertiary duct, dust chamber and coal firing equipment. 

4 Reciprocating grate cooler with usual auxiliaries. 
5 Dust collecting equipment for cooler vent gases. 
6 Gas conditioning tower and esp for kiln exhaust gases. 

2 Battery limits: From preheater fan up to the clinker conveyor to take clinker produced to the existing 
clinker storage from preheater fan to outlet of esp fan 

3 Site conditions 

4 

altitude 
Ambient temp. 

300 m above sea level 
35 0 c 

Duty requirements : 

% 

CaO, 
40.7 

Raw meal feed to kiln will be : 
MgO, Si02, A12033, Fe20 3, 

1.69 14.4 3.65 1.71 

(Ilustrative only) 
Other minor constituents would be 

Mn20 3 Ti02 P 20S 

% 0.03 0.28 0.09 
(illustrative only) 

Lime saturation factor 

Silica ratio 
Alumina ratio 
Fineness of raw meal feed 
Homogeneity of feed 

Fuel used in kiln and 
ca1ciner 
gross calorific value 

useful calorific value 

Na20, K20, 
0.97 0.85 

C12, 

0.02 
L.O.I. 
36.01 

10 % residue on 90 micron sieve 
std. deviation of blended raw meal 

Not> than 0.3% 

coal 

4800 kcallkg 

4300 kcallkg 
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The raw meal as above will be processed in the pyro processing system to produce well burnt clinker of 
good quality so as to conform to norms laid down in Standard ref. No. ********** and will produce when 
ground with suitable quality and quantity of gypsum O.P.c. of properties laid down in the Standard. 

Clinker produced shall not have more than 1.5 % free lime and not more than 30 % C2S. 

Litre weights shall be between 1100-1300 kg/m3 

Rated capacity of the section: 2000 tpd of 24 hours 

Clinker shall be air quenched in a Reciprocating Grate Cooler and shall be cooled to a temperature of not 
more than 65°C above ambient. Cooler vent gases shall be passed through an ESP. 

5 General conditions 

Please see attached general conditions in ENQS 1 to arrive at capacities and sizing. 

6 Specific requirements of each component of the pyro processing section are mentioned in the 1'0110\\ ing 
pages. 

7 Performance guarantees are required to be taken for: 

(i) Capacity in tpd, 

(ii) sp. fuel consumption for the section, 

(iii) sp. power consumption for the section, 

(iv) dust emission from dust collectors. 

8 Quotation should be accompanied by: 

(i) Process flow chart, 

(ii) material and gas balances, 

(iii) heat balance of kiln and cooler, 

(iv) temperature and draught profile, 

(v) machinery schedule, 

(vi) full details - of major machinery included like kiln, preheater, preheater fan, calciner, grate cooler, esp 
with gct. 

9 Technical Data Sheets have been included for kiln, preheater, calciner grate cooler and esp. These should be 
completed and returned with the offer. 

10. Specifications of auxiliaries not included in scope of supply like: 

belt feeders, 

bag filter, 

drives consisting of motor and gear box, 

should be furnished 

11. G.A. and cross sectional dimensioned drawings of preheater, kiln, calciner and grate cooler and auxiliaries 
included should be furnished. Typical departmental drawing for the whole pyro processing section of similar 
installation supplied earlier should also be supplied. 

12. To follow general instructions for sizing and capacities of conveyors, elevators, feeders and fans etc. 

13. DC variable speed motors will be preferred for preheater fan, kiln, cooling fans and cooler drive. 



10 Section 7. SELECTING AND ORDERING MACHINERY 

14. Special notes on major machinery in the Pyro processing section are given below. 

1 Calciner 

1.1 Duty requirements : 

Calciner shall be designed to take 60 % of total fuel fired in the system and the degree of calcinations 
of calcined raw meal entering kiln shall be not < than 85 %. Calciner shall not have problems of 
spillage nor of overheating as this would give rise to hot spots which can promote deposition on walls 
of calciner. An off line calciner with burning in air will be preferred. 

Calciner shall be complete with take off point from cooler, dust chamber, tertiary air duct with its 
supports, pilot and regular burners for coal and complete set of refractories, insulating bricks and 
castables 
1.2 Quotation shall be accompanied by : 
Specifications and salient features of calciner. 
Degrees of calcination achieved at different fuel inputs. 
Sp. Thermal load of calciner spilt into calciner and connecting duct for a given heat input. 
Details of refractory and castables. 

2 Preheater 
2.1 Duty requirements: 
Preheater and Preheater fan will be sized for design capacity with margins as stated in annexure 1. 
Cyclones shall be of modern design with low pressure drop. Pressure drop across the 6 stage 
prheater shall be limited to 400 mm at rated capacity and temp. of gases leaving top cyclones shall be 
260-280 DC. Eficiency of top cyclone shall be not < than 93 %. 

Preheater shall be complete with cyclones interconnecting ductings, dispersion plates, pendulum 
flap valves, immersion tubes, expansion joints, down comer duct up to p.h. fan and complete set of 
refectories and insulating brick for all cyclones and ducts. The bottom two cyclones shall have double 
cones to prevent choking. 

Ducting between cyclones and volutes of cyclones should be such that there is no accumulation of 
dust. 

A set of air blasters shall however be included to remove chokes in cyclones. 
Sp. fuel consumption expected in the pyroprocessing section is ~ 700-720 kcal/kg clinker. Sp. gas 

volume should be commensurate with this; however for sizing preheater an allowance of 5% should 
be kept on guaranteed fuel consumption. 

For the rated capacity of 2000 t.p.d. a single stream preheater and a single preheater fan should 
suffice. However the preheater fan should be designed to take into account pr.loss in calciner, t.a.duct 
etc. 

An adjustable throttle should be provided in the riser duct between kiln and calciner to be able to 
divide gas flows between kiln and claciner according to ratio of fuel fired. 
2.2 Quotations shall be accompanied by : 
Specifications of preheater with its salient features - pressure drop and efficiencies across each 
stage, dust circulation at various stages and outlet. 

Description of dispersion plates, pendulum flap valves and immersion tubes and materials of 
construction. 

Dimensioned drawing of preheater tower showing elevations and floor plans and location of calciner 
whether inside tower or outside it should be made available. 

Selection criteria would be minimum pressure drop across preheater, low sp. power consumption 
of fan and high efficiency of top cyclones. 

Details of refractory, insulating brick and castable to be used for lining prehearer cyclones and 
ducts. 
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3 Preheater fan 

3.1 Duty requirements 
Fan will be sized for the gas volume, temperature and pressure drop in the system to meet duty 
requirements of the 6 stage preheater and calciner as mentioned above. 

Preheater fan shall be a high efficiency fan with efficiency not < than 70%. It should withstand a 
temp. of 400°C for minimum two hours. The fan shall have a variable speed drive either a.c. or d.c. 
Fan shall be capable of handling a dust burden of 70-100 gm/nm3. Impeller should be supported on 
both sides. 

3.2 Quotations must be accompanied by : 
Specifications of prheater fan - construction of impeller, speed variation and drive details. 

Fan curve appropriate to the fan should be furnished. 

4 Rotary Kiln 

4.1 Duty requirements 
Kiln is a dry process kiln with preheater and calciner. Yearly working days per year would be 
minimum 330. 

In such a kiln, raw meal enters kiln calcined to 85-90 % when fuel fired in calciner 55-60 %. 

Properties of raw meal and fuel fired and also site conditions have been furnished. 

Rated capacity is 2000 tpd; design margin is 10 %. For design purposes, 5 % should be added 
to the sp. fuel consumption that can be achieved with a 6 stage preheater and reciprocating grate 
cooler of conventional design. 

Reduction in sp. fuel consumption using static grate should be specified. 

4.2 Salient features of kiln should be: 
1. Sp. output as preheater kiln 1.7-2 tpd 1m3 clear volume. 

2. Sp. output as calciner kiln 4-5 tpd I m3 

3. Fuel fired in kiln 40-45 % preferably 45 % only. 

4. Degree of calcinations achieved at inlet of kiln 85-90 %. 

5. Thermal load in burning zone when using high alumina bricks not to exceed 3.5 million 
kcal/hr/m2 clear cross section of burning zone. 

6. Length! dia. ratio not less then 14. 

7. Slope of kiln 3.5-4%. 

8. % charge in kiln not> than 6 %. However for power it should be taken as 10 %. 

9. Rated output should be achieved at !:::: 80 % of max. kiln speed. 

10. Refractory lining 200 mm throughout; in burning or sintering zone, brick should be either 
high alumina (70 %) or magnesite bricks. 

11. Kiln will have 3 supports. 

12. It will have hydraulic thrust roller to float kiln up and down. 

13. Riding rings will be of floating type. 

14. Shell material shall be weldable mild steel or boiler quality steel plates. 

15. Tyres, rollers and gears and other components shall be as per standard practice in Industry. 

16. Gear will be fitted to shell through spring plates or equivalent arrangement to permit expansion 
of shell in running. 

17. Kiln shall have effective seals of proven design both at inlet and discharge ends. 

18. Refractory will be protected at discharge end by nose ring castings; shell and castings will 
be cooled by fans. 
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19. Shell will be cooled by fans along the length of the burning zone. 
20. Girth gear and pinion will be oil lubricated by an oiling idler. 
21. Ovality of shell under tyres shall not exceed 0.25%. 

Hertz pressure shall not exceed 4500 kg/cm2. 

22. Spacing of kiln supports should be such as will distribute evenly on all the supports. 
23. Drive shall be dc variable speed. 
24. Bed plates should be fabricated and stress relieved. 

4.3 Quotation shall be accompanied by : 
1. Heat balance of kiln section as whole. 
2. A ga drg of kiln showing spacing between stations, heights; cross sectional view and view 

across showing centers of rollers and angle at center and height of kiln center above bed 
plate. 

3. Detail break up of weight of kiln and its components like shell, tyres, rollers, bearings, gear 
and pinion, bedplates and also kiln inlet and discharge hoods should be furnished. 

4. Data on refractory with dimensions, quality and weights should be made available. 
5. Reference lists of kilns supplied and performance achieved. 

4.4 Guarantees shall be for: 
Capacity in tpd consistent with quality of clinker produced; 
Sp. fuel consumption for the pyro processing section as a whole; 
Sp. power consumption. 

S Grate Cooler and ESP to vent cooler gases 
(conventional cooler has been mentioned only for illustrative purposes) 

5.1 Duty requirements: 
To receive clinker at :::::1370-1400 °C from kiln and air quench it and cool it to a temperature of 65°C 
above ambient. 

Cooler width will be between 65-70 % of clear diameter of kiln. Grate Cooler shall be sized for a 
sp. loading of not> than 40 tpd/m2 at design capacity. It will be suitably divided into 4 or more 
compartments with seals and suitably sized cooling air fans for each compartment. 

Bed thickness in the first two compartments shall not be < than 600 mm. 
Cooler with static grate for first 7-8 rows could be offered as an alternative. In that case sp. 

loading can go up to 45 tpd 1m2. 

Number of grates would be as per vendor's design parameters. Each grate will have its own 
variable speed drive. 

Cooler will be complete with refractories, discharge hoppers with motorized double pendulum flap 
valves, clinker breaker of full width and spillage drag chain under the full length of the cooler. 

Tertiary air for calciner will be drawn from cooler. 
Vent gases from the cooler shall be vented through an ESP. Kiln upset conditions should be taken 

into account for volume and temperature in designing esp and i.d. fan. 
Raw gas dust burden will be 10-15 gmsl nm3. Clean gas dust burden shall be::::: 60 mgm I nm3 

under normal operating conditions. 
Clinker dust collected in esp will be returned to the deep bucket conveyor, carrying clinker produced 

to clinker storage. 
While cooling air fans shall have the usual margin of 10-15 %, the cooler vent fan shall have a 

margin of 30-35 % above design capacity. The spillage drag chain conveyor shall have margins of 
60-65% over design capacity. 

General parameters to be followed for sizing esp have been furnished for esp for kiln. They should 
be followed. 
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5.2 Quotations will be accompanied by " 
Distribution of cooling air in various compartments and also specific air loading. 

Bed thickness and speed of cooler to maintain them in strokes per min. 

Heat balance of cooler and cooler efficiency. 

Specifications of materials of construction of grate plates, grate plate supports side castings, 
refractory and castables used. 

Sp. power consumption for cooler and auxiliaries with breakdown for grates, fans etc., should be 
furnished. 

Specifications of ESP. 

G.A. and cross sectional drawings with dimensions of grate cooler and hoppers and pendulum flap 
valves and spillage drag chain; similar drawings for esp should also be submitted. 

Fan curves for cooling air and vent air fans. 

Drive details of cooler grates, clinker breaker, pendulum flap valves, spillage drag chain should 
furnished in detail. 

For items not included in scope of supply sufficient details must be given to facilitate procurement. 

6 Coal Burner for Kiln 
6.1 Duty requirements 
Burners should be sized for quantities of coal fired in kiln with a margin of at least 20 % over requirement 
at design capacity. Multi channel burners using minimum primary air and which also have facility of 
oil firing for start up and for preheating of refractory would be preferred for the kiln. 

The range of variation possible should be specified. Details of primary air and p.a.fan/ blower 
necessary should be indicated 

Burners should be supplied with pilot burners and igniting facilities. The turn down facility should 
be useful to preheat refactory lining at cold start. 

If hot primary air is to be used to improve fuel efficiency, full details of scheme should be made 
available. 

Tip velocity at burner for kiln should be such that flame is short and bright. It should be possible to 
maintain flame in spite of fluctuations in quality of coal. 

It is proposed to install the coal mill near the preheater. Therefore pulverized coal would be brought 
to kiln pneumatically by a p.s. pump. 

Vendor should furnish his recommendations for the firing system as a whole and not just the burner 
for ca1ciner 

If it is possible to fire coarse fuel in ca1ciner, the same would be preferred to save on power in 
pulverizing coal. 

6.2 Quatation should be accompanied by specifications of burner and auxiliaries catalogues 
and brochures 

Its capacity in mkcallhr and turn down ratio. 

G.A and cross sectional drawing of burner and system layout remembering that 40% fuel will be 
fired in kiln and 60 % in ca1ciner. 

7 ESP and Gas Conditioning Tower for cleaning Kiln exhaust gases 
7.1 Duty requirements 
ESP 
It is proposed to install an e.s.p. along with a g .. c.t. to clean exhaust gases from preheater. 

Direct operation, where kiln gases will be taken straight to g.c.t. and e.s.p., is to be considered for 
sizing esp. 
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Vendor will design esp for handling gas volume corresponding to the sp. fuel consumption and sp. 
gas volume for the pyro processing system designed by him converted to 270-280 0c. 

Dew point will be ~ 35°C. 

In normal operating conditions CO should be nil but under disturbed conditions its presence cannot 
be ruled out. 

Dust will be partially calcined raw meal fed to kiln 

It will be very fine and dry and free flowing; and its resistivity typical of raw meals. 

Gases leaving preheater at design capacity and at temp. of 270-300 °C will enter gct; wherein they 
will be cooled to a temp. of 130-140 °C by spraying water; dew point will improve to about 
50-53°C 

Dust burden in gases leaving preheater shall be taken as 100 gm / nm3 for designing system though 
it will be about 70 gms /nm3 actually. 

Pressure of gases entering gct should be 10-20 mmwg negative. 

10 % leakage should be assumed for working out volume entering e.s.p. at about 140°C. 

ESP will clean gases so that emerging gases would have a dust burden of 55-60 mgm/nm3 ; thus 
efficiency of esp has to be more than 99.9%. 

Migration velocity shall be ~ 12 cm/sec for an electrode spacing of 300 mm and 15 cm/sec for a 
spacing of 400 mm. 

Velocity inside e.s.p. shall be ~ 1-1.2 m/sec and retention tine 10-12 seconds. 

Aspect ratio shall be 1 as far as possible; vendor should size esp accordingly. 

Esp will have minimum 2 fields; 3 will be preferred to ensure optimum performance at all times. 

Preliminary layout of preheater and esp and gct included. 

Gases will be taken partly or wholly to raw mill for drying. 

In this indirect operation, same esp will be used for cleaning the gases. Temp. of gases entering 
esp will be less and humidity high therefore as mentioned above direct operating conditions are to be 
taken for sizing gct and esp. 

Precipitator is,to be designed to withstand a pressure of + 500 mm. It will be protected against 
explosion by : 

(a) Cutting off ht supply when CO level rises ( tends to rise) at preset level 

(b) Explosion rupture discs installed on roof of esp. 

ESP hoppers shall be designed to hold about 8 hours' collection of dust; valley angles shall not be 
less than 45°C. 

Conveying equipment under esp shall be either screw conveyor or chain cnveyor. 

If pyramid hoppers are used, there will be rotary air lock and cut off damper to connect hopper to 
conveyor. Conveyor should be generously sized and its availability must be very high; drive should be 
so rated that it could be started when full. 

There will be a rotary air lock at discharge of conveyor also to prevent in leakage. 

ESP will be supported on structural/ concrete columns on bearings that will permit expansion of 
casing; height should be such that conveyor discharge will be ~ 1 m above ground level. 

ESP shall be complete with casing, hoppers, platforms, transformer rectifier sets and control panel; 
complete internals with collecting and discharge electrodes and their supporting structures; insulators 
and rapping mechanisms. 
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Gas Conditioning Tower 
This is to be treated as an integral part of the dust collecting system. It is included to improve dew 
point and consequently resistivity of dust so that higher migration velocities could be used requiring 
specific collection area. 

GCT should be sized for gas volume at design capacity of kiln as mentioned above. 
It will have a distribution plate at top ensure even distribution of gases. 

Water will be sprayed through one or more rings of nozzles at high pressure to ensure proper 
atomization. Spacing between nozzles and individual nozzle capacity shall be so selected that there is 
no overlap of sprays resulting in large droplets. 

Average velocity of gases in gct shall not be > 2 mlsec. Retention time shall be ~ 10 seconds. 
Quantity of water sprayed will be controlled by gas temp. leaving esp or by measuring humidity of 

gases. 

Dust precipitated in the gct shall be collected at the bottom in a reversible screw chain conveyor 
with discharge points and pendulum flap valves at both end. 

It will be generously sized and drive should be such that it could be started full. 
About 10 % leakage will still take place. 

Insulation and Lagging 
Both gct and esp shall be insualated and lagged with rock wool/glass wool to maintain constant 
temperature in them. They will be clad with aluminium sheets. 

7.2 Quotations shall be accompanied by : 
Drawings with dimensions and sectional views. They will also be complete with weight data with 
breakup as required in the enclosed Technical Data Sheet (TDS) 
Reference lists 
Guarantees would be required to be taken for: 

Efficiency. 

Clean gas burden not to exceed 55 mgml nm3. 

8 Performance guarantees are are required to be taken for: 
Sp. fuel consumption, 
Sp. power consumption, 
Quality of clinker produced. 

Note: Readers can make use of above ENQS. 



CHAPTER 3 

3.1 Techincal Details of Machinery 
To understand the various features of machinery 
offered, it is useful to receive detailed specifications 
thereof together with drawings. Each machine has 
components that are vital and influence its performance 
and life. There are parts which wear out and which 
need replacement; hence material used and life 
expected are important details for them. 

From process angle also some parameters are 
critical, like: 

LId ratio for ball mills, degree of filling, compartment 
lengths; speed etc. 

LId ratio, slope, retention time, degree of filling, 
linear speed and specific outputs, thermal load in 
burning zone for kilns. 

3.2 Technical Data Sheets 
Vendors must furnish such vital details in their offers. 
Technical Data Sheets (TDS) are prepared machine 
wise which help vendors to submit all such details in 
the format required by the Buyer. 

TDSs are made available by the Buyer to Vendors 
along with the enquiry and Vendors are required to 
complete them and return them with their offers. 

Buyer should not ask for details that have no 
bearing on performance and hence should include in 
the TDS only the essential details. At this stage nobody 
is interested in 'nuts and bolts' so to say. 

It should be 'practical' for the Vendor to complete 
the TDS in a reasonable time otherwise he would take 
too long to submit the offer. 
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3.3 TDSs Help Evaluation 
Once completed TDSs are received with offers, Buyer 
and his Consultant can edit and tabulate them for 
evaluation. 

Even then some homework will have to be done by 
Buyer and his Consultant to 'derive' essential 
operating parameters and to cross check if Data 
'tallies' . 

For example: 

does sp. gas volume of gas leaving kiln match with 
the sp. fuel consumption; does sp. power consumption 
of mill agree with grindability of material. 

Vendors can then be contacted to clarify the doubts. 
Thus all technical matters can be clarified in just about 
one meeting with each vendor cutting down time for 
taking decisions considerably. 

It is then Consultant's responsibility to present his 
recommendations with justification. 

3.4 Typical Tachnical Data Sheets 
A set of TDSs is enclosed as per list in Annexure 1. 
They are by way of illustration and do not correspond 
to any given size of plant. Hence capacity of crusher 
in its TDS will not necessarily match with capacity of 
kiln in its TDS. 

For the same reason ENQS will not match with 
TDS for the same machinery enclosed in respective 
annexures. 

Readers can make use of TDS. 
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Annexure 1 

List of TDS's Enclosed 

TDS No Description Page Numbers 

1 Rotary Kiln 18-22 

2 Preheater 23-29 

3 Preca1ciner 30-34 

4 Grate Cooler 35-41 

5 Electrostatic Precipitator 42-45 

6 Centrifugal Fans 46-48 

7 Vertical Roller Mill 49-52 

8 High Efficiency Separator 53-55 



TDS NO.1 

Technical Data Sheet for 

ROTARY KILN 

Note: Duty requirements for pyro processing section as a whole are furnished separately and hence 
are not repeated. 
Properties of raw meal to be processed to make clinker and fuel to be fIred in the kiln and calciner 
have also been furnished. 
This TDS is for rotary kiln 

Sr.No. Item unit details 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 

12 
13 

rated capacity 
design capacity 
process 
dry process * stage prheater 
calciner 
fuel coal foil 
useful calorifIc value of fuel 
thermal efficiency of 
pyro processing section 
altitude above sea level 
ambient temp. 
sp. gas volume at exit of 
preheater 
fuel fIred in calciner 
degree of calcination achieved 
at rated capacity and ratio 
02 at kiln inlet 
Kiln 
1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
11 

12 

13 

diameter inside shell 
brick thickness 
clear dia. inside brick 
length 
clear volume of kiln 
sp. output at rated 
capacity with calciner 
LID ratio 
Slope 
Speed at rated cap. 
Max. speed 
Retention time 
at rated capacity 
Degree of fIlling at 
Rated capacity 
At design capacity 
load hp at design capacity 

tpd 

kca1/kg 

kca1/kg 
m 
°C 

nm3 kg clinker 
% 

% 
% 

m 
mm 
m 
m 
m3 

% 
rpm 
rpm 
minutes 

% 
% 
kw 
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Ir.No. 

4 

Item 

kiln details 
1 shell thickness 
2 shell thickness under tyres 
3 shell thickness adjacent sections 
4 shell thickness of end shell 
5 Material 
6 Ovality max. at operating temp. 
7 Number of supports 

8 
9 
10 

11 

12 

13 

14 

Supports 
load on supports 
Hertz pressure 
Tyres 

1 st support 
(discharge end) 
2nd support 
3rd support 

1 st support 

dia. inside 

gap between tyre and shell 
when cold 
when hot 
material 
spans of supports 
overhang discharge end 
span bet. 1 sI and 2nd support 
span bet. 2nd and 3rd support 
overhang at inlet end 
deflection bet. Supports 
rollers 

wt. 
material 

Hertz pressure 

1st support 
dia. x width 

Shafts dimensions in mrns 
dia. x length 

weight 
material 
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unit 

mm 
mm 
mm 
mm 

% 

2nd support 

t/cm2 

details 

dimensions in mrn 

3rd support 

dia. outside thickness width 

mm 
mm 

m 
m 
m 
m 
mm 
dimensions in mrn 

2nd support 
dia. x width 

tons 
tons 

t/cm2 

dia.x length 

ton 
tons 

3rd support 
dia x width 

dia.x length 

wt. Tons 
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Sr.No. 

15 

16 
17 

18 

Item 

main bearings 
type 

1 st support 
dia.xwidth 

bearing pressure 
material 
weight 
lubrication 
cooling 
thrust 
provision for adjusting rollers 
skewing 
hydraulic thruster 
details of hydraulic thruster 
girth gear and pinion spur / helical 

pr.Angle 

unit details 

dimensions in mms 

2nd support 
dia.xwidth 

kg/cm2 

tons 
tons 

tons 

angle of helix module 

p.c.d. teeth material hardness wt. 

15 

16 

gear 
pinion 

mm 

19 method of fixing gear to kiln shell 
20 lubrication lubricating idler / forced 

floating of kiln 
total float 
kiln float controlled by 

downward thrust due to inclination 
thrust taken by thrust rollers 
diameter of thrust roller 
width of roller 

17 hydraulic thruster 
capacity of thruster 
description of system 
bearings of thrust rollers 
dia. x width 
type 

mm 

kn 

mm 
mm 

3rd support 
dia.x width 



Sr.No. Item 

18 drive 
power at shaft at design capacity 
and max. speed 
recommended rating of motor 
type 
variable speed 
dc 
speed range 
type of speed variation 
gearbox 
type 
installed at slope 
input / output speeds 
Max. speed of kiln 
Counter shaft size 
Dia. x length 
Countershaft bearings 
Type 
Size 
Dia.x width 
Lubrication 
Torsion shaft 
Size 
Dia x length 
Couplings 

size 

19 kiln seals 
inlet type 
outlet type 

20 burner for kiln 
capacity 
fuel 
type 
conventional 
multi channel 
primary air 
temp. 
fuel in 

input 

primary air fan 
capacity in volume 
temp. 
pressure 

output 

Technical Data Sheet for Rotary Kiln 21 

unit 

kw 
kw 

rpm 

rpm 

rpm 
rpm 

rom 

rom 

rom 

torsion shaft 

million kcallhr 
oil/coal 

% 

°C 
tph 
m3/min 

°C 
mmwg 

details 
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Sr.No. 

21 

22 

Item 

refractory brick lining of kiln 
in burning zone 
length 
thickness 
quality 
weight 
in calcining zone 
length 
thickness 
quality 
weight 

combustion 
sp. fuel consumption 
total combustion air 
excess air 
total combustion air including 
excess air 
In leakage at inlet seal 
air thru. cooler and sec. Air 
temp. of sec.air 
primary air 
temp. 
thermal load in burning zone 

unit 

nun 

tons 

nun 

tons 

kca1/kg 
nm3/kg 
% 
nm3 /kg 

% 
nm3 /kg 
°C 
nm3/kg 
°C 

details 

million kcal /hr 1m2 



TDS NO.2 

Technical Data Sheet for 

PREHEATER 

Note: Duty requirements for Pyro processing section as a whole are furnished separately and hence are not 
repeated. 

Sr no. 

1 
2 
3 

4 
5 
6 

7 
8 
9 
10 
11 

12 
13 

14 

Properties of raw meal to be processed to make clinker and fuel to be fired in the kiln and calciner have 
also been furnished. 
Individual Technical Data Sheets are furnished for major equipments in the section. 
This IDS deals with Preheater 

Item unit details 

rated capacity tpd 
design capacity tpd 
process 
dry process x stage prheater 
calciner 
fuel coal/oil 
useful calorific value of fuel kca1/kg 
thermal efficiency of 
pyroprocessing section kcal/kg clinker 
altitude above sea level m 
ambient temp. °C 
sp. gas volume at exit of preheater om3 kg clinker 
fuel fired in calciner % 
degree of calcination achieved % 
at rated capacity and ratio 
02 at kiln inlet % 
Preheater 

make 
to the designs of / under license agreement with 
number of streams 
twin / dissimilar 
number of stages 
top stage twin / single 

Constructional details of preheater See Fig. 1 
attach sketch of cyclone 
ga drawing of preheater 

23 
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e 
E 

I 

rr-rr.:=====t.:·::- .'::-.:..:.r:.:::-.:..:. ::-.:.1=!' ::::;;:::==~:::; 

J: 

J: 

'" .c: 

C\I 
.c: 

H = h1 +h2 for 3/4 stages from top 

H1 = h1 +h21+h3 for bottom two stages 

(f, = Angle one for top 3-4 stages 

I 

I 

e~ = Angle of second cone for bottom two stages 

Fig. 1 Dimensions of preheater cyclone. 

a 
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Description 

Nos 
Cyclone dia. 

clear 
Inside shell 

Inlet width clear 

Inlet ht. clear 

Raw meal outlet 

Exhaust outlet 

Immersion tube 
height 

Cylindrical ht. 

Total height 
Angle of cone 
Angle of cone 
Down comer 

duct 
Length of duct 

Refractory 
thickness total 
Insulating block 

brick 
Raw meal pipe 

bet.1 & 2 
clear 

outside 
Raw meal pipe 

bet. 2 & 3 
Clear 

Outside 
Raw meal pipe 

bet. 3 & 4 
Clear 

Outside 
Raw meal pipe 

bet. 4 & 5 
Clear 

Outside 
Raw meal pipe 
bet. 5 & 6 clear 
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Table 1 Cyclone dimensions kline / cline 
submit separate details of each line 

all dimensions in mm. 

symbol unit Stage Stage Stage Stage 
1 2 3 4 

top 
See Fig. 1 attached 

d mm 

D 
a 
A 
b 
B 
c 
C 
e 
E 

f 

h1 * * * * 
h2-h~ h2 h2 h2 h2 

h3 * * 
H-H1 H1 H1 H H 

91 
v * * * * 

92 
u 

q mm 

m 
mm 

* 

* 

* 

* 

Stage Stage 
5 6 

* * 
h~ h~ 
* * 
H1 H1 

* * 
* * 

* 

Table 1 Contd ... 
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Table 1 Contd ... 

Description symbol Riser Stage Stage Stage Stage Stage Stage 
duct 1 2 3 4 5 6 

top 
Riser duct bet. 

Kiln and 1st 

cyclone 
Width x breadth * 

Clear mm 
Width x breadth 

outside 
Pendulum flap 

valve bet. 1 & 2 
* Single / double mm 

Size 

Pendulum flap 
valve bet. 2 & 3 
Single/double 

mm * Size 
Number 
Material 

Pendulum flap 
Valve bet. 3 & 4 
Single / double 

mm * Size 
Number 
Material 

Pendulum flap 
valve bet. 4 & 5 
Single / double 

mm * Size 
Number 
Material 

Pendulum flap 
valve bet. 5 & 6 
Single / double 

mm * Size 
Number 
Material 

Velocity at inlet 
m /sec * * * * * * of cyclone 

Velocity at outlet 
m /sec * * * * * * of cyclone 
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Table 2 Operational data. 

Stage 
Stage Stage Stage Stage Stage Description unit 1 2 3 4 5 6 

top 
Temperature * * * * * * 

at outlet of °c 
cyclone 

Temp. drop in stage °c * * * * * * 
Pressure at outlet * * * * * * 

of cyclone 
mmwg 

Pressure drop * * * * * * 
in stage 

mmwg 

Efficiency of each * * * * * * 
stage 

% 

Total Pr. Drop 
mmwg 

in preheater 
Pro drop in 

mmwg 
down comer duct 
O2 at outlet top 

% 
stage 

Sp. gas volume nm"/kg 
theoretical Clinker 

leakage 
CO2 released nm"'/kg 
Conveying air nm;.1/kg 

Total gas leaving nm3/kg 
preheater 

Dust burden in gas 
gm/nm 3 

leaving preheater 
_________ '''vv _______ ---- ------- -----------~---------------

Sr.No. Item unit details 

16 preheater tower dimensions 
base length x breadth m 
number of floors 
floor area m 2 

height above ground level m 
whether top cyclones in open 

17 pre heater fan 
capacity m3/min 
temp. °C 
max. design temp. at continuous °C 
operation 
max. temp. for half hour °C 
pressure mmwg 

fan speed rpm 

control of operation by damper 
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Sr.No. Item unit details 

speed variation stepped/smooth from -to rpm 
speed variation range 
impeller type 
static efficiency of fan % 

single double entry 

bed plate common for fan and motor 
motor rating kw 
speed rpm 

type variable speed dc / ac 
range of speed variation 
to submit detail for preheater fan 
as per TDS for fans. 

18 Weights of preheater streams submit separately for each stream 
See Table 3 

19 sp. power consumption kwh/ton 
of preheater fan at rated 
capacity 
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Table 3 

Insulating 
Description Steel Brick brick and Dust Total 

castable 
ton ton ton ton ton 

Riser duct 
Cyclone stage 1 

top 
Raw meal pipe 

and pend. Flap valve 
Connecting duct 

bet. 1 & 2 
Cyclone stage 2 
Raw meal pipe 

and pend. Flap valve 
Connecting duct 

bet 2 & 3 
Cyclone stage 3 
Raw meal pipe 

and pend. Flap valve 
Connecting duct 

bet. 3 & 4 
Cyclone stage 4 
Raw meal pipe 

and pend. Flap valve 
Connecting duct 

bet. 3 & 4 
Cyclone stage 5 
Raw meal pipe 

and pend. Flap valve 
Connecting duct 

bet. 4 & 5 
Cyclone stag 6 
Raw meal pipe 

and pend. Flap valve 
Connecting duct 

bet. 5&6 
Down comer duct 
Expansion joints 

Preheater fan 
Miscellaneous 

Material 

Total 



TDS NO.3 

Technical Data Sheet for 

PRECALCINER 

Note: Duty requirements for pyro processing section as a whole are furnished separately and hence are not 
repeated. 

Properties of raw meal to be processed to make clinker and fuel to be fired in the kiln and ca1ciner have also 
been furnished. 

This TDS is for preca1ciner 

Sr.No. Item unit details 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

rated capacity 

design capacity 

process 

dry process x stage prheater 
ca1ciner 

fuel 

useful calorific value of fuel 

thermal efficiency of 

pyro processing section 

altitude above sea level 

ambient temp. 

sp. gas volume at exit of 
preheater 

fuel fired in calciner 

degree of calcination achieved 
at rated capacity and ratio 

02 at kiln inlet 

Preca1ciner 
make 
design 

type 
in line 
offline 
on single stream preheater 
on separate cline preheater 
fluid bed 
spouted bed 
down draft 

tpd 

tpd 

coal/oil 

kcal/kg 

kcal/kg 

m 

o C 

nm3 /kg clinker 

% 

% 

% 

30 



Sr.No. Item 

15 combustion of fuel 
in air 
in air and kiln exhaust gases 

16 combustion air through kiln 
through external duct 

17 type of cooler 
grate 
planetary 

18 combustion air drawn from cooler 
from kiln hood 

19 fuel fired in calciner 

20 combustion air 

21 excess air 

22 primary air 

23 fluidising air 

24 tertiary air 

25 temp. of tertiary air 

26 quantity of gas leaving 
calciner 

27 temp. of gas leaving 
calciner 

28 velocity of gases in calciner 

29 retention time in calciner 
raw meal and fuel 
gas 

30 temp. in calciner 

31 temp. at which calcination 
takes place 

32 capacity of calciner rated 

33 capacity design 

34 volume of calciner clear 

35 thermal load in calciner 

36 size: 
clear diameter x height 
refractory thickness 
dimensions inside shell 
diameter x height 

unit 

kglhr 

nm3/kg 
clinker 

nm3/kg 

clinker 

nm3/kg 

clinker 

nm3/kg 

clinker 

nm3/kg 

clinker 

°C 
nm3/kg 

mlesc. 

seconds 

seconds 

°C 
°C 

m 
mm 

m 
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details 
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Sr.No. Item unit details 

37 connecting duct volume m3 

38 total volume calciner + m3 

connecting duct 

39 thermal load on total vol. kcal/hr/m3 

40 specific output tpd/volume 

41 pro loss in calciner mmwg 

42 degree of calcination raw meal % 
leaving calciner 

43 degree of calcination raw meal 
entering kiln % 

44 02 in gases leaving calciner % 

45 CO in gases leaving calciner 

46 if one stream preheater and 
in or off line calciner 
how are gases divided bet. 
kiln and calciner 

47 pro loss in throttle mmwg 

48 fuel fired in calciner 
calorific value kca1/kg 
fineness % passing 90 micron % 

49 sp. fuel consumption of calciner 

and preheater 

50 if separate preheater fan, 
specifications of preheater fan 
capcacity m3/min 
static pressure* mm 
Total pressure loss in dust 
Chamber + t.a. duct + calciner mmwg 
temp. °C 
speed rpm 
drive variable speed 
type 
speed range rpm 
motor rating kw 
fan efficiency 
sp. power consumption kwh/ton 
(note: data on fan to be submitted as per TDS for fans) 



Sr.No. 

51 

Item 

tertiary air duct 
quantity of tertiary air 
quantity 
temp. 
velocity in ta duct 
dia. of ta duct clear 
refractory thickness 
dia. inside shell 
length of ta duct 
configuration of ta duct 
furnish sketch 
dust chamber 
velocity in dust chamber 
Cross section of dust chamber 
Dimensions of dust chamber 
Height x width x length clear 
Height x width x length outside 
No. of hoppers 
Hopper height 
Hopper angle 
Dust returned to cooler 
Drag chain 
Pipe clear 
Lined castable / refractory 
Thickness 
Furnish sketch of dust chamber 
Tertiary air drawn from cooler/ 
Kiln hood 
Connecting duct between cooler 
and dust chamber 
Velocity 
Dia. inside refractory 
Dia.inside shell 

unit 

nm3/kg 
m3/rnin 
°C 
rn/sec 
m 
mm 
mm 
mm 

rn/sec 
m2 

mm 
mm 

rn/sec 
mm 
mm 

52 refractory in calciner, La. duct, dust chamber, 
connecting duct and duct from 
calciner to preheater 
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details 

Table 1 Type of refractory. 

Sr. No. Description Brick Insulating Castable 
brick 

1 Calciner 
2 Mixing chamber 
3 Duct to preheater 

t.a.duct 
Dust chamber 

----- __ ~q!1n~_~!ing q_l!~ ___ --- ------- - ------ - -- ------ ---
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Table 2 Thickness and weight. 

Sr.No. Installed in Brick Insulating Castable 
brick 

thickness tons thickness tons thickness tons 
1 Calciner 
2 Mixing chamber 
3 Duct to preheater 

t.a.duct 
i Dust chamber 
L ______ _ CQl'!I1e~~_ng_guct -- - - --- -- - ----- ------------- --- --- -- ---,- -- ,-,---

Sr.No. Item unit details 

53 Furnish detailed specifications of 
refractory, insulation and cas tables 
recommended 

54 coal burners 
coal fired in calciner tph 
no. of burners 
cap. each burner tph 
coal conveyed - pneumatically 
conveying pipe dia. mm 
velocity in pipe mlsec 
velocity in burner m/sec 
Length of pipe with bends 
Compressed air required to convey 
Coal m3/min 
Pressure mwg 

55 g.a. and cross sectional drawing of precalciner 
and other parts of system with 
dimensions 
drawing should show entry points of 
raw meal, fuel burners, tertiary air etc., 
connection to pre heater 
drawing showing temp. and pressure 
profile of system 

56 weights of precalciner, ta duct, 
connecting ducts, dust chamber etc. 



TDS NO.4 

Technical Data Sheet for 

GRATE COOLER 

Note: Duty requirements for Pyro processing section as a whole are furnished separately and hence are not 
repeated. 
Properties of raw meal to be processed to make clinker and fuel to be fired in the kiln and calciner have also 
been furnished. 
This TDS is for Grate Cooler 
(This data sheet is for conventional type of grate cooler. New data sheets would have to be devised for new 
coolers like pendulum cooler, cross bar cooler etc.) 

Sr.No. Item unit details 

rated capacity 

2 design capacity 

3 process 

dry process x stage prheater 
calciner 

4 fuel 

5 useful calorific value of fuel 

6 thermal efficiency of 
pyro processing section 

7 altitude - above sea level 

8 ambient temp. 

9 sp. gas volume at exit of 
preheater 

lO fuel fired in calciner 

11 degree of calcination achieved 
at rated capacity and ratio 

12 02 at kiln inlet 

l3 temperature of clinker at discharge 
of cooler 
temp of clinker discharged 
under upset conditions 

14 is cooler air used as primary air 

15 tertiary air to calciner as % of total 
air for combustion 

tpd 

tpd 

coal/oil 

kc'al/kg 

kcal/kg 

m 

°C 
nm3 kg clinker 

% 

% 

% 

35 



36 Section 7. SELECTING AND ORDERING MACHINERY 

Sr.No. Item unit details 

16 specific loading at design cap. tpd/m2 grate area 

17 grate area effective m2 

grate area gross m2 

18 grate cooler 
type 
horizontal / inclined 
combi 
inclination °C 
single width / two width 

19 size of kiln 
diameter inside of brick 

20 size of cooler 
width x length clear inside bricks m2 

no. of grates 
in case of two width, width and 
length of each grate 
stroke of reciprocating grate mm 

21 total grate area gross m2 

Table 1 

Description Unit Grate 1 Grate 2 Grate 3 total 

Width mm 

Length mm 

No. of rows 

Gross area m2 

Effective area m2 

Size of grate plate mm 
Width x length 

No. of plates across no 

Static grates no 
numbers rows 

No. of compartments 
in each grate 

Lengths each compt m. 
No. of rows no. 

1st 

2nd 

3rd 
4th 

5th 

6th 



Technical Data Sheet for Grate Cooler 37 

Sr no. Item 

22 total cooling air 

23 sp. fuel consumption 

24 total air for combustion 

25 excess air 

26 leakage at kiln inlet 

27 air to coal mill 

28 primary air 

29 primary air 

30 air drawn through cooler into 
kiln and calciner 
(combustion air -leakage - primary air) 

fuel in kiln and calciner 

sec. air into kiln 

teritary air into calciner 

temp. of sec. air 

temp. of tertiary air 

temp. of primary air if drawn from cooler 

temp. of air drawn to coal mill 

unit 

nm3/kg 

kca1/kg 

nm3/kg 

nm3/kg 

% 

nm3 kg 

% 

nm3 /kg 

nm3/kg 

% 

nm3/kg 

nm3/kg 

°C 

°C 

°C 
°C 

31 

32 

33 

34 

35 

36 

37 

38 air to be vented nm3/kg 
(a) cooling air - (sec. + teritary air) 
(b) cooling air - (sec. + teritary air) - primary air 
(c) cooling air - (sec. + teritary air) - primary air - coal mill air 

39 temp. of vent air under above conditions °C 
40 heat of clinker entering cooler kca1/kg 

41 heat recuperated kca1/kg 

42 efficiency of cooler % 

43 radiation of loss from cooler kcal/kg 

44 temp. of vent air normal conditions °C 
45 temp. of vent air under upset conditions °C 
46 details of cooling air and vent air and fans see Table 2 

details 
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Table 2 

Description Air loading Area Volume 

m3/min/m2 m2 m3/min 

Grate 1 

1st compt. 

2nd compt. 

3rd compt. 

4th compt. 

Grate 2 

Grate 3 

Total 

m3/min Temp. 

°c 
Vent air 

Normal conditions 

Upset conditions 

Sr.No. Item unit 

47 bed thick ness of clinker at rated capacity 

grate grate area capcity grate speed 
No. m2 tpd rpm 
1 
2 
3 

48 drives of grates - motors - variable speed 

grate 
No. 

1 

2 

3 

area 
m2 

motor 
kw 

type 

Pro Fan capacity 

mmwg m3/min 

Pro 

mmwg 

bed thickness 
mm 

grate speed 
normal rpm 

Pro motor 

mmwg kw 

details 

grate speed 
max. rpm 



Sr.No. Item 

49 drives of grates - gear box 
gearbox rating 

grate type kw 

1 
2 
3 

speed ratio 
input/output 

r.p.m. 
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unit 

chain drive 
ratio 

details 

max. grate speed 
r.p.m. 

50 hoppers and discharge valves for spillage 

Table 3 

Com part. Grate 1 
no 

Grate2 Grate3 I 
Discharge Discharge Discharge 

valve valve valve 
nos type size drive nos type size drive nos type size drive 

kw kw kw 

1 
2 
3 
4 
5 
6 

51 spi111age drag chain 
amount of spillage 
as % of capacity % 
as quantity tpd 
capacity of drag chain 
conveyor tph 
size width mm 
lengthc/c mm 
inclination °C 
linear speed m/sec 
drive rating motor kw 
speed rpm 
gear box type 
rating kw 
speed ratio 



40 

Sr.No. 

52 

53 

54 

55 

56 

Section 7. SELECTING AND ORDERING MACHINERY 

Item 

clinker breaker 

diameter 
width 
no.of hammers 
wt each 
material 
speed 
motor 
speed 

grate discharge bars 
spacing 
material of grate bars 

furnish drawings of cooler assembly 

and cross section 

materials of construction 

Sr.No. Description 
Grate plate 
Grate plate 

support 
Moving frame 

Stationary frame 
Side castinQs 

Shafts 
Wheels 
Bearings 

sp. power consumption 

grates 

cooling air fans 

clinker breaker 
spillage drag chain 

vent fan 

total 

Unit 

unit 

mm 
mm 

kgs 

rpm 
kw 
rpm 

mm 

Table 4 

Grate 1 

kwh/ton 

details 

Grate 2 Grate 3 
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Sr.No. Item 

57 refractories 
location type 

throat brick 

roof 

sides 

anchors 
vent duct 

castsble 
insulating 

hanging 

brick 
insulating 
castable 

quality 

58 reference lists of coolers supplied 

unit 

thickness 

mm 

feed back on operating coolers performance achieved 
literature and brochures 
typical layout drawing 
Drawings of components like: 

Grate frames 
Grate plate supports 
Grate plates 
Side castings 

59 note on instrumentation and process control 

60 main performance parameters like: 
cooler recuperation efficiency 
sp. power consumption 

61 cooler heat balance 
cooler heat -balance and process control 
and instrumentation should be integrated 
with the pyro processing section as a whole 
including kiln, preheater, and calciner 

aprox. wt 

tons 

details 



TDS NO.5 

Technical Data Sheet for 

ELECTROSTATIC PRECIPITATOR 

Note: this TDS is only for ESP. Gas may enter ESP after a gas conditioning tower in case of kiln application. 
Conditions of gas in such a case are of gas actually entering ESP. 

Sr.No. Item Unit Details 

I Application 

to clean process gases in 
I raw mill / kiln circuit 
2 coal mill circuit 
3 cement mill circuit 
4 cooler vent 
To fill in separate TDSs for esps for kiln and grate cooler 

2 Duty requirements / design data 
I gas volume m3/min 
2 temperature °C 
3 humidity - dew point °C 
4 composition of gas 
5 resistivity of gas at operating temps. 
6 static pressure mmwg 
7 dust content in incoming gas gms/nm3 

8 desired clean gas dust burden mgmlnm3 

9 outlet gas volume including m3/min 
leakage 

10 temperature °C 
11 guaranteed efficiency % 

guaranteed dust burden in clean gas mgm/nm3 

12 design migration velocity em/sec. 

3 General 
make 
in collaboration with 

4 Features of the ESP 
I collecting electrodes 

total collection area m2 

number of fields in series 
number of fields in parallel (if any) 
number of passages 
height of collecting electrode m 
width of each collecting electrode mm 
spacing between collecting mm 
electrodes 

42 



Sr.No. 
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Item 

plates per field 
thickness of electrode 
material 
profile of electrode 
suspension 
allowance for expansion 

Unit 

mm 

specific collection area m2/m3/sec 

2 shaking mechanism for collecting electrodes 
type 
numbers per passage 
rapping force at remotest point 
total numbers of rapping devices 
drive for each device kw 

3 discharge electrodes 
type 

4 

profile 
length 
material 
numbers 
tensioning device 
number of discharge electrodes 
per rapping mechanism 
method of suspension 
no. of h. t. insulators 
voltage 
type of rapping mechanism 
electromagnetic or any other 
provision for cleaning insulators 

esp casing 
overall width 
height 
depth 
aspect ratio 

mm 
mm 
mm 

velocity of gas in esp mlsec 
retention time in esp sec 
pressure drop in esp mmwg 
no of hoppers 
type pyramid or 
one single 
capacity of hopper to hold dust tons 
inlet or entry of gases 
from top 
from center 
no. of distribution plates 
rapping device for distribution plates 
drive kw 

Details 

submit drawing 
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Sr.No. Item 

pre collector if any 
platforms for maintenance 
arrangement at discharge end 
whether gas distribution plates fitted 
in discharge cone 
arrangement for removi.ng 
collecting electrodes 

Unit 

design pressure of casing mmwg 
safety provided in terms of: 

1 rupturing foils in the roof 
2 gas tight dampers at inlet 
3 switching offht supply 
4 spring loaded explosion flaps 
5 any other 

describe safety provided with sketches 
expansion provided for casing 
type and no. of bearings permitting 
expansion 

5 insulation of casing and hoppers 
material rock wool/glass wool 
thickness 
aluminium cladding 

6 conveying system for dust collected 
type chain / screw 
capacity tph 
size 
length 
no. of feed points 
whether conveyor fitted directly 
to hopper of esp 
if not sealing provided between 
esp and conveyor 
rotary feeder with cut off gates 
drive of conveyor 
schematic drawing of conveyor 
sealing provided at discharge point 
rotary air lock 
size 

diameter / width 

drive kw 
platform with ladders provided 
for maintenance of conveyor 

Details 
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Sr.No. Item Unit 

5 Electricals and controls 
1 transformer rectifier sets 

numbers 
voltage 
capacity 
current 
indoor loutdoor type 
h.t. cables specifications 
location of rectifier sets 

kv 
kva 

detail specifications of rectifier sets 
make 
schematic diagram and description of 
control scheme 
output dc current to discharge electrodes 
total kva requirement of esp 
average power factor 
rating and make of heating coils for 
insulators 
type of automatic voltage regulation 
-whether thyristor or transducer controlled 
thermostats for heaters 
zero speed monitors for conveyor 
high level indicators for hopper 
electrical and mechanical interlocks 
for inspection doors etc. 
earthing for esp 
measuring of CO and switching off 
h.t. supply if it exceeds safe limits 

6 Drawings of 
g.a. drawing of esp complete with dimensions 
drawings of vital components like electrodes 
shaking mechanism 
cross sectional view of esp showing assembly of 
electrodes, shaking mechanisms, distribution plates 
at inlet and outlet 
conveyor for dust 

7 weights of esp total 
casing 
electrodes 
conveyor 
rectifier sets 
insulation and cladding 

8 electrical circuit diagrams 
control scheme 

Details 



TDS NO.6 

Technical Data Sheet for 

CENTRIFUGAL FANS 

Note: Individual TDSs to be filled in for each fan. Where there are Groups of fans like for air slides and for 
cooling air for grate Cooler, data may be presented in a tabular form. 

Sr.No. Item Unit 

Construction 

1 Fan Type 

2 Fan Model 

3 Arrangement : 
a) impeller over hung I supported! mounted on motor shaft 
b) single I double entry 
c) drive direct coupled I v-belt 

4 Impeller type : 
Radial I forward I backward curve bladed 

5 Make 
In collaboration with 

Duty parameters 

6 Capacity volume 
Static pressure 
Total pressure 
Temperature 
Density of gas 
Dust loading 

7 fan speed 

8 fan shaft power 

9 

10 

11 

12 

13 

14 

15 

recommended rating of motor 
speed of motor 
how is speed reduced 
v-belt 
gear box 

static efficiency 

total efficiency 

if variable speed fan, 
range of speed variation 
volumes delivered static and pressures 
developed at various speeds 

Moment of inertia of fan at full speed 

Starting torque 

Full load torque 

m3/min 
mmwg 
mmwg 
DC 
kg/m3 

grnlmgm I nm3 

rpm 

kw 

kw 

% 

% 

kgm2 

kgm 
kgm 

46 

Details 



Sr.No. Item 

Constructional details 
16 1 Impeller 

diameter 

material of construction 

wear lining if any 

material of lining 

thick ness of back plate 

tip speed 

2 Shaft 

diameter 

material 

bearings diameter 

length 

seals 

3 Casing and inlet box 

Material of construction 

Thickness 

Lining plates if any 

Thickness 

Material 

4 Inlet control 

Type 

Size 

Damper torque 

5 Pedestal 

6 

Unit 

mm 

mm 

rpm 

mm 

mm 

mm 

mm 

kgm 

Bearings and housings 

Type of bearing 

Size 

bush / anti friction 

dia x width 

Make 

Bearing housing size 

Material of construction 

7 Coupling type 

8 Cooling disc 

9 Guards 

10 Evase 

11 Lubrication of bearings 

12 Cooling of bearings 

13 Bed plate common / separate for 

motor and fan 

Technical Data Sheet for Centrifugal Fans 47 

Details 
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Sr.No. Item Unit Details 

14 V-Belt drive details 
Pulleys on motor and fan shafts 
Diameters mm 
Pulley centres 
V belt details 
nos 
size 
lengths 

15 G.A. Drawing of fan and bed plate 
with dimensions 

16 Weight of fan and bed plate tons 
17 Fan curves at different speeds 
18 Efficiency curves 



TDS NO.7 

Sr.No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Technical Data Sheet for 

VERTICAL ROLLER MILL 

Item 

Make / type 
In collaboration with 

Conventional circuit 
External circuit 

Capacity guaranteed under worn 
condition of rollers dry basis 

Duty requirements and performance 
a) material to be ground 
b) grindability material 
c) feed size 80 % passing 
d) feed size 100 % passing 
e) moisture normal 

maximum 
f) product fineness 

retained on 90 micron sieve 
on 212 micron sieve 

g) product moisture 

Drying achieved by 

Fineness controlled by 

Feed arrangement 

Drying capacity 
a) using kiln exhaust gases only 
b) with auxiliary hot air furnace 
c) capacity of aux. hot air furnace 

Mill data 

Size/model 

2 Grinding table diameter 
Material specification table 

Liners 
Hardness table 
Arrangement of liners 
Weight of table 
Liners 
Life of liners 
Specific wear rate 

Liners 

3 Rollers 
Numbers 
Size diameter x width 
Profile of rollers 

Unit 

tph 

kwh/ton 
mms 
mms 
% 
% 

% 
% 
% 

% 
% 

million kcal/hr 

mm 

BHN 
BHN 

kg 
kg 
hr 
gm/ton 

mm 
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Details 

submit drawing 
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Sr.No. Item Unit Details 

Roller shaft dia. mm 
Size and type of bearings 
Material specifications 
Rollers 
Liners 
Hardness rollers BHN 

Liners BHN 
Arrangement of liners 
Single piece 
Multiple 
Life of liners hrs 
Specific wear rate gmlton 
Material of shafts 

4 Grinding pressure 
Pressure exerting hydraulic system 
Arrangement submit drawing 
Pressure normal f max kg f cm2 

5 Mill casing 
Dimensions base x height mm 
Liners for casing material f wt. 
Life of liners hr 
Specific wear rate gmlton 

6 Classifier 
Type conventional 
High efficiency 
Diameter rotor mm 
Height rotor mm 
Speed range from to rpm 
Type of speed control 
Drive rating kw 
Type of motor 
Circulating loads at 
table and separator 
Without external circuit % 
With external circuit % 
Weight of separator kg 

7 Water injection 
Type of system 
Arrangement 
Flow rate kg/hr 

8 Draughts in system conventional 
Mill inlet mmwg 
Mill outlet mmwg 
Draughts with external circuit 
Mill inlet mmwg 
Mill outlet mmwg 

9 circulating gas volume m3 fmin 
at temperature °C 
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Sr.No. 

9 

Item 

10 inlet hot gas volume 
temperature 

11 volume at exit of mill 
temperature 

12 Dust load at mill exit 

Mill drive 
Type of motor 

Unit 

m3/min 
°C 
m3 / min 
°C 
grnlm3 

Voltage V 
Rating kw 
Speed rpm 
Gear box type 
Speed ration input/output rpm 
Rating kw 
Make 
Coupling details 

10 Sp. power mill only kwh/ton 
sp. power mill and fan kwh/ton 
conventional circuit 
sp. power mill and fan kwh/ton 
external circuit 

Details 

11 Details of instrumentation and control (submit drawing) 

scheme 

12 Other auxiliaries in the system 
a. double/ triple pendulum flap valves 

size 
rating kw 

b. conveying system for 
coarse return under mill 

type 
size 
capacity tph 
drive rating kw 
motor type 
gear box type 
rating kw 
speed ratio 

c. bucket elevator to lift coarse 
material to feed mill 

capacity tph 
size 
height 
drive kw 

d. hydraulic system for pressure 
e. lubrication system for rollers 
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Sr.No. 

13 

Item 

Weights of 
Mill 
Rollers 

Table 

Classifier 

Pendulum flap valve 

Gearbox 

Motor 

Unit 

kgs 

14 Drawings and data to be furnished 

1 reference list 

2 operational data on mills supplied 

3 printed literature and brochures 

4 flow diagram and system design 

5 dimensional g.a. drawing of mill and auxiliaries 

6 details of lifting tackles for erection and maintenance 

7 performance that would be guaranteed. 

Details 



TDS NO.8 

Technical Data Sheet for 

High Efficiency Separator 

Sr.No. Item Unit Details 

Make 
2 In collaboration with 
3 Description of operation and salient 

features 
4 Suited for: 

closed circuit ball mills 
grinding raw materials /coal / cement 
vrmills 
roller press and ball mill combination 
only roller press 

5 ga drawing with dimensions showing: 
entries of feed, gases and exit of gases and 
product 

6 Max. dust burden at inlet grnlm3 

7 Max. dust burden at outlet grnlm3 

8 Circulating loads for a given fineness % 
of product 

9 Efficiency at different operating % 
points 

10 Typical/attainable selectivity or 
tromp curves 

11 Duty requirements 
capacity of grinding system tph 
at fineness of product % passing 90 microns 
or 
Blaire surface cm2/gm 
feed to grinding system tph 
discharge from mill system tph 
coarse return to mill tph 
product tph 

12 Whether drying done during grinding 
whether drying in separator or mill 

13 Separator 
size 
diameter of rotor mm 
height of rotor mm 
dimensions of casing mm 

53 



54 Section 7. SELECTING AND ORDERING MACHINERY 

Sr.No. Item Unit Details 

cross sectional drawing of separator 
showing arrangement of feed, stationary 
guide vanes, rotor and inlets and outlets 
and hopper 
whether discharge of product from top 
or from bottom 
whether separator includes disagglomerator 
drive of rotor 

type 
variable speed 
range of speed variation of rotor rpm 
rotor speeds in m/sec 
rating kw 
motor speed rpm 

lining provided to protect casing 
ducts and bends from wear 
type 
material 
thickness and weight mmandton 
hardness BHN 
details of rotor shaft and bearings 
lubrication of rotor bearings 
wear lining in hopper 
details as above 
seal at outlet for coarse return 
pendulum flap valve 
size 

14 whether cyclones are used to collect 
product if so, 
no. of cyclones and their dimensional 
details 
pendulum flap valves under cyclones 

15 whether casing insulated and lagged 
if so details thereof 

16 flow of gases through separartor at 
rated capacity m3/min 
temperature °C 
fresh feed + circulating load tph 

17 control of operation by 
change of speed of rotor 
by changing gas volume 

18 typical values of feed coarse and product feed coarse fines 
fineness expressed in blaine 

19 sp. power consumption kwh/ton 
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Sr.No. 

20 
21 

22 

23 

24 

Item 

pressure drop in separator 
device to collect product 
(a) cyclones and bag filter 

drop in pressure in cyclone and 
bag filter 
total system pro drop 

(b) in bag filter 
pr.drop in bag filter 
total system pro drop 

specifications of fan 
capacity with margin 
temperature 
static pressure 
motor for fan 
static efficiency of fan 
bag filter 
no. of bags 
no. of compartments 
cloth area of each bag 
total gross cloth area 
air to cloth ratio 
material of bag 
conveyor under bag filter 
type 
size dia/width x length 

Unit 

mmwg 

mmwg 
mmwg 

mmwg 
mmwg 

m3 fmin 

mmwg 
kw 
% 

capacity tph 
Separate TDSs to be filled in for bag filter and fan 

25 flow chart of system 
26 dimensional drawings of 

27 

separator 
bag filter 
cyclones (if any) 
fan (if included in scope 
typical layout drawing) 
weights of 
separator 
cyclone 
bag filter 
fan 

28 reference list of separators 
supplied and in operation 

29 operational data on separators 

kg 

Details 



CHAPTER 4 

4.1 Assessment and Evaluation 
After TDSs are received from vendors for a machine, 
and are tabulated (after receiving clarifications if any 
were required) it is necessary to evaluate and assess 
them to decide which vendor's machine meets Buyer's 
requirements best. Some kind of ranking is necessary. 
However ranking should be on a uniform basis to create 
'level playing field conditions' . 

4.2 Weightages for Desired Properties 
For this purposes it is best to give 'weightages to various 
properties of the equipment adding up to say 100. 

For a ball mill, weightages could be like for example: 
weightage % 

for design aspects : 

1. size vis a vis rated capacity 10 

(also expressed as sp. output) 

2. sp. power consumption 10 

3. weight of machine 

(indicative of sturdiness) 5 

4. Vdratio 5 

5. drying chamber volume 5 

6. % fIlling 10 
7. retention time 10 

total 55 

for mechanical design features like : 

1. shell thickness 8 

2. material of shell 4 

3. bearing size; material 7 

4. bearing pressure 7 

5. deflection 7 
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6. lining plates: type and material 
7. gear spur I helical ; materials 

total 

weightage % 

5 
7 

45 

Grand Total 100 

Above exercise is only for illustrative purposes. 
Values are not to be taken literally. 

For each of these categories a scale has to be 
established. 

4.3 Attributing Weightage 
For example if desired sp. output is say 1.7 tpd I m3 

volume, and normal sp. outputs range between 1.5 to 
2 then scaling and weightage will be done as follows: 

Sp. output tpdlm3 1.5 1.6 1.7 1.8 1.9 2 

Weightage 10 10 10 9 8 7 

It means those vendors whose machine has asp. 
output of 1.7 and less will get full 10 percent points 
and those with higher sp. outputs will get less as shown. 

Once a scale like above is established weightage 
can be given on a uniform basis. 

4.4 Shortlisting Vendors 
Total weightage can be added up to rank vendors. First 
3 ranks would normally be considered for final selection 

Any vendor earning rank 4 or lower is not 
'condemnable'; only that he is not among the best 
suited in this particular instance. 

4.5 Commercial Evaluation 
Besides technical evaluation, there is also commercial 
evaluation involving: 



Price. 

Delivery. 

Terms of payment. 

Warranties and guarantees. 

Vendors will not have same rankings in both categories. 

4.6 Track Record and Service 
Over and above all there is the 'track record' of a 
vendor and his 'after sales service' and his business 
integrity. They also get some weightage. 
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A Consultant should therefore 'shortlist' 3 vendors 
for final negotiations and for finalizing orders. Normally 
Consultants will excuse themselves from taking part 
in commercial negotiations. 

4.7 Typical Evaluation 
A typical exercise in weightage for an esp for clinker 
cooler is attached as Annexure 1. 



Sr.No. 

2 

3 

4 

5 

6 

7 

Annexurel 

Evaluation of offers received for ESP for Clinker Cooler 

~--------------------------------------.vendors--------------------------7 Weightage Contents Allotted points 
for 1 2 3 4 5 

design duty volume, temp. 
clean gas dusy 
burden 25 20 20 20 15 20 

design features no of fields, collection 
area, passages, field 
height, spacing etc. 125 95 90 110 105 ]]5 
migration velocity 

derived parameters specific collection area, 125 120 100 110 105 105 
velocity thru esp., 
treatment time etc. 

T.R.Set and control rating maJm2
, 

panel corona power, 
total power consumption 
control systems 50 40 40 45 35 35 

performance 
guarantees 25 ? 25 25 15 20 

technical collaboration 
service 25 25 25 25 20 20 

track record 25 20 20 ? ? ? 

Total 400 320+ 320 335 + 295 + 315 + 
? ? ? ? 

Note: complete information not received from vendors on items marked '?'. This should be obtained. Final rankings can then be completed 
Only for item sr. nos I to 4 weightages are 325 2752 250 2851 2603 2752 
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CHAPTER 5 

5.1 Critical Operational and 
Design Parameters 

While there are a great many properties of any 
machinery that influence its Performance - mechanical 
and operational, some of them come to be recognized 
as more critical. 

As a matter of fact they are treated as 'yardsticks' 
of measuring performance. It has become customary 
to hold a Vendor responsible to fulfill the performance 
in terms of these yardsticks not just verbally or by way 
of 'in good faith' or sort of ' gentleman's agreement' 
but by imposing 'penalties' in the event he fails in this 
respect. 

Such yardsticks are also known as 'Guarantees and 
Warrantees' of performance. 

5.2 Conventional Yardsticks of 
Cement Machinery 

Conventionally in Cement Industry such yardsticks for 
different machinery are: 

Crushers 

1. feed opening should be large enough to receive 
max. size of stone delivered by the shovel 
without getting overloaded. 

2. volume of crusher in relation to output I also 

ratio of dia. to width. 

3. peripheral speeds of hammer, impactor bar tips. 

4. Output in tph. 

5. Sp. output and sp. power consumption wrt 
crushing strength / bwi and product size. 
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6. Sieve analysis of product from crusher. 

7. Wear rates of hammer / impactor bars in 
gm/ton of stone crushed. 

Ball mills 

1. Sp. power consumption for grinding stone 
of a given bwi from a given feed size to a 
given product fineness, 

2. output in tph, 

3. drying capacity in drying - % moisture in 
feed to - % in product, 

4. mill dimensions for a given capacity; lid ratio of 
mill, 

5. % filling of mill, 

6. volume of air to be drawn through mill, 

7. bearing pressure on main bearings, 

8. sp. power consumption for system or dept, 

9. wear rates of lining plates. 

Air separators, conventional and high 
efficiency 

1. Circulating load, 

2. efficiency, 

3. % passing or blaine of feed, coarse and product 
factions, 

4. selectivity curves, 

5. air Imaterial ratio in feed, 

6. pro drop in separator. 

Vertical roller mills 

1. Mill and fan powers in conventional and external 
circuit mills. 

2. Pro drops in two types of circuits. 
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3. Air flow in system for two circuits. 

4. Velocities at throat for two circuits. 

5. Circulating loads at rollers and in separators. 

6. Wear rates of liners of rollers, table etc. 
7. sp. power for mill and for system as a whole. 

Blending systems 

(a) Stacker reclaimer systems 

1. no. of layers in full stock pile and 
capacity of each pile, 

2. blending efficiency achieved in 
terms of ratio of std. deviations of 
feed and extracted material, 

3. sp. power for system. 

(b) blending systems batch / continuous 
continuous 

1. capacity of silo in terms of no. of days' 
consumption in kiln, 

2. std. deviation of blended raw 
meal, 

3. blending efficiency achieved in 
terms of ratio of std. deviations of 
feed and extracted material, 

4. sp. power consumption of system 
split into for blending and for 
extraction. 

batch 

1. size of batch in terms of --hours of 
mill production, 

2. std. deviation of blended raw meal, 
3. blending efficiency achieved in terms 

of ratio of std. deviations of feed and 
extracted material, 

4. sp. power consumption of system 
split into for blending and for 
extraction. 

Pyroprocessing section comprising 

(a) preheater 

1. pro drop across preheater for - no. 
of stages, 

2. efficiency of top cyclones %, 

3. dust burden in gases leaving 
preheater, 

4. temp. of gases leaving preheater for 
-- no. of stages, 

(b) preheater fan 

1. efficiency %, 

2. sp. power consumption. 

(c) kiln 

1. output in tpd, 

2. sp. output as preheater kiln and 
as calciner kiln, 

3. sp. power for kiln only under two 
conditions above, 

4. thermal loads in burning zone, 

5. degree of filling, 

6. retention time, 

7. life of refractories in burning zone. 

(d) calciner 

1. % fuel in calciner, 

2. degree of calcinations achieved, 

3. retention time in calciner, 

4. temp. at exit of ca1ciner, 

5. pro drop across calciner, 

6. CO at outlet of ca1ciner, 

7. sp. volume of ca1ciner (including 
calciner, connecting duct etc.), 

8. sp. heat load in calciner (million kcal/ 
hr/m3). 

(e) grate cooler 

1. sp. output in tpd/m2 grate area, 

2. temp. of clinker leaving cooler, 

3. recuperation in cooler I efficiency 
of cooler, 

4. temperatures of secondary and 
tertiary airs, 

5. temp. of vent air, 

6. cooling air in nm3/kg, 

7. vent air in nm3 /kg, 

8. bed thicknesses of clinker, 

9. sp. power consumption of cooler 
system with break up for grates, fans, 
clinker breaker etc. 

(1) pyroprocessing section as whole 

1. sp. fuel consumption in kcal/kg, 

2. sp. gas volume in nm3/kg, 



3. sp. power consumption for total 
section with break up, 

4. degree of calcination achieved, 

5. output tpd, 

6. quality of clinker produced 
(analysis, free lime, litre weight 
etc), 

7. heat balance of kiln and cooler. 

coal grinding 

1. output tph at required fineness 
and moisture, 

2. sp. output I power consumption for 
mill and for system, 

3. % moisture dried in mill. 

cement mill 

1. output at given fineness in tph, 

2 . chemical analysis vis a vis constituents 
like sulphur, 

3. sp. power consumption at agiven 
fineness for mill, 

4. sp. power consumption for the 
section as a whole, 

5. % of particles between 3-30 microns, 

6. various tests for cement as 
recommended by BSI or similar 
bodies; in particular strengths 
developed in 3, 7 and 28 days, 

7. corresponding properties for blended 
cements like: 

ppc and slag cements. 

packing machine 

1. capacity in jute and paper bags, 

2. accuracy of weight. 

electrostatic precipitator 

1. sp. collection area, 

2. migration velocity, 

3. efficiency in % and or clean gas 
dust burden not to exceed -or
mg Inm3• 

bag filters 

1. total cloth area, 

2. air to cloth ratio, 
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3. clean gas dust burden, 

4. pro drop across bag filter. 

Material Handling Equipment 
There are a great many types of material handling 
equipment which could be broadly classified into 
mechanical conveyors like screw conveyor, belt 
conveyor, elevator, chain conveyor etc; and pneumatic 
conveyors like air slide, screw pump, air lift, lean and 
dense phase systems etc. Appropriate critical 
parameters will be selected like say conveying speed 
in m Isec, inclination, angle of trough, air volume, speed 
of air borne material in pipe line etc. 

Most certainly capacity in tph and sp. power 
consumption including air power will be selected 
for guarantees. 

fans, blowers and compressors 

fans 

1. capacity and static pressure and 
power drawn, 

2. static efficiency of fan. 

compressors: 

1. capacity in 'fad' at stipulated pressure 
and power drawn. 

Blowers: 

1. Capacity in 'fad' at stipulated 
pressure and power drawn. 

5.3 Performance to be Proved 
The Buyer, his Consultant and the Vendor should arrive 
at a clear understanding about operational parameters 
that would have to be proved by carrying out tests and 
which would attract penalties if they are not fulfilled. 

There should be clear understanding about the 
testing procedure and about establishing output, power 
drawn etc. 

Action required to be taken by the Vendor in the 
event of performance falling short should also be 
mutually agreed upon. 

In the event Buyer cannot fulfill his part of supplying 
materials and fuel of specifications agreed upon, there 
should be an agreed procedure of interpretation of 
performance achieved in relation to guaranteed 
performance. 



CHAPTER 6 

6.1 Time Factor 
It would be seen from the foregoing that finalizing 
orders for machinery is a long drawn out process. Not 
only there are a large number of machinery to be 
ordered but also there are a great many Vendors from 
whom to buy it. 

Unless the process is started with careful planning 
and with great deal of thought given to the objectives, 
it can go on almost endlessly. 

6.2 Factors Governing Time for 
Ordering Machinery 

Geographical factors also intervene such as locations 
0f offices of Buyer, Consultant and Vendors. To bring 
them together requires planning; hence number of 
meetings across the table should be kept down to a 
minimum. 

While this would have been very difficult a couple 
of decades back, developments in IT has made it easy. 
Today it is not necessary to meet across the table. 
'Tele conferences' save time and expenditure. Sending 
information and drawings by fax, E-mail or CDs is 
fast and accurate. 

Even then having clear objectives and setting a time 
frame to complete the ordering of machinery is very 
necessary. 
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6.3 Organisation for Buying 
If a Buyer is clear about whether to : 

go in for 'supply basis' or 'works contract' basis, 

go 'shopping' or to buy from one source, 

undertake fabrication of components of machinery 
like say casings of dust collectors, cyclones of 
preheaters etc. 

fabricate items like conveyor gantries and working 
platforms, chutes and ducts and their supports. 

he can proceed on the basis of his selected option. 
He will then strengthen his own organization and 
arrange to procure materials for items he has under 
taken to fabricate. 

6.4 Consultants' Organisation 
Consultant can also plan his work and organization to 
fulfill his duties towards the Buyer. 

It is not practical nor is it necessary to buy all 
machinery at the sane time. 

Naturally core machinery would come first and then 
the major auxiliaries. 

Items which are available at short notice would be 
ordered later so as not to lock up capital. 

In this context Chapter on Implementation 
Schedule in Section 3 may be seen. It gives an idea 
of time required for ordering of machinery. 
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RB. 

No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1. 

2. 

3. 

4. 

1 REFERENCE BOOKS 

Title AuthorlPublisherl Firm 

Cement Data Book Vol. 1 W.H.Duda / Bauverlaug 

Cement Manufacturers Handbook 

Cement Engineers' Handbook Otto Labahn / Bauvelaug 

Cement Engineers' Handbook B. Kohlhaas / Bauverlaug 

Rotary Cement Kiln K.E.Peray !Edward Arnold 

Industrial Ventilation American Conference of 

Industrial Hygienists 

Fan Engineering Buffalo Forge Company 

Perry's Chemical Engineers Handbook R.H.Perry / Mcgraw Hill 

Useful Tables ACC Babcock Ltd 

Producers Fact Book Universal Engineering Corporation 

Steam -its Generation and Use Babcock Wilcox & Co. 

Mathcem Softideas Pvt. Ltd. 

TECHNICAL PERIODICALS 

Zement Kalk Gips 

Cement Industry Review 

World Cement 

Powder and Bulk Handling 

1 

Baverlaug Publications, Germany 

CMA Publication, India 

U.K. 

Technicom, India 



CHAPTER 2 

2 REFERENCE MANUALS 

RM Manual for By 
No. 
1 Grinding in Ball Mills EL.Smidth AS. Co. 

2 Rotary Kilns. Preheaters and Calciners Onoda Engineering and Consulting Co. Ltd 

3 Preheaters and Ca1ciners Mitsubishi Mining and Cement Co. 

4 Grate Coolers, Contiuous 

Blending, EK.Pumps, Air Lifts Claudius Peters AG. 

5 Cement Manufacture Seminar EL.Smidth AS. Co. 

6 Engineering Memoranda ACC Babcock Ltd 

7 Manual of Electric Motors Crompton 

2 



Chapter no. 

1 

2 

3 

4 

4a 

4b 

4c 

Plate no. 

1.1 

1.2 
1.3 
1.4 

2.1 
2.2 
2.3 
2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

3.1 
3.2 
3.3 
3.4 

4.1 

4.2 & 4.3 

4.4 

4.5 & 4.6 

4a.l 

4a.2 

4a.3 

4b.1 
4b.2 
4b.3 

4c.l 

3 SOURCES OF PLATES 

SECTION - 2 

3 

Source 

Bharat Earth Movers Ltd 

do 

do 

do 

Cement Hand book by Duda 

do 

Otto Labahn 

Otto Labahn 

Otto Labahn 

Otto Labahn 

do 

Larsen & Toubro India 

Krupp Polysius brochure material handling 

do 

do 

do 

H Brunding in VGB 

from article by Dr. Bapat in Powder & Bulk Materials 

Fives Cail Bobecock 

Singhania Systems Technologies 

FLSmidth 

Krupp Polysius 

do 

Cement Data Book by Duda 

FLSmidth 

Mitsubishi 

Krupp Polysius 



4 Section 9 SOURCES 

Chapter no. 

5 

6 

7 

8 

9 

10 

11 

12 

Plate no. 
5.1 
5.2 

5.3 
5.4 
5.5 
5.6 
6.1 
6.2 

6.3 
6.4 
6.5 
6.6 
7.1 

7.2 
7.3 

7.4 
8.1 

8.2 

8.3 
9.1 to 9.5 

9.6 

10.1 
10.2 
10.3 
10.4 

10.5 

11.1 

11.2 

11.3 
11.4 

11.5 

11.6 
11.7 

11.8 
12.1 

12.2 

12.3 

12.4 
12.5 

12.6 

Source 
BHP Engineers Ltd. 

Christian Pfeiffer Ltd 

Krupp Plysius 

Fuller KCP Ltd 

FLSmidth 

FLSmidth 

Cement Data Book by Duda 

do 

Krupp Polysius 

do 

do 

Claudius Peters 

Jenson Nicholson ( schenck) 

do 

FLSmidth 

Jenson Nicholson 

FLSmidth 

Krupp Polysius 

do 

FLSmidth 

Krupp Polysius 

Krupp Polysius 

do 

Modem Refractory Practice - Harbison & Walker 

Shakti Textile Engineering Pvt Ltd 

Walchandnagar Industries Ltd 

IKN 

IKN 

FLSmidth 

FLSmidth 

Otto Labahn 

IKN 

Batliboi (Air Pollution Control Division) 

do 

FLSmidth 

Batliboi 

Batliboi 

Lurgi 



Sources of Plates 5 

Chapter no. Plate no. Source 

13 13.1 Enexco Engineering Co. 

13.2 ACC Machinery Co. Ltd 

13.3 FLSrnidth 

14 14.1 Enexco Engineering Co 

14.2 BHP Engineers Ltd 

14.3 Enexco Engineering Co 

14.4 do 

IS IS.1 Enexco Engineering Co 

IS.2 ACC Machinery Co. Ltd 

IS.3 H.W.Carlsen 

IS.4 H.W.Carlsen 

IS.S H.W.Carlsen 

IS.6 Krupp Polysius 

IS.7 Krupp Polysius 

IS.8 Krupp Polysius 

IS.9 Krupp Polysius 

16 16.1 ARF Engineering 

16.2 BHP Engineers Ltd 

16.3 Indiana Engineering Works Ltd 

16.4 Aumund Engineering Co 

16.S ACC Babcock Ltd 

16.6 Krupp Polysius 

16.7 Krupp Polysius 

16.8 Fuller KCP 

16.9 Krupp Polysius 

16.10 Fuller KCP 

17 17.1 to 17.3 Batliboi (Air Pollution Control Division) 

17.4 Bachmann 

18 18.1 Kay International Ltd 

18.2 ACC Machinery Co. Ltd 

18.3 Kirloskar Pneumatic Co Ltd 

18.4 do 

20 20.1 New Allenberry Works 

20.2 do 



CHAPTER 4 

4 SOURCSES OF LAYOUTS 

SECTION - 5 
Chapter no. Figure no. Source 

1 1.7 & 1.8 Wartsila Diesel 

SECTION - 6 
1 1.28 FLSmidth India 

1.29 Layouts of Japanese Cement Plants 

1.30 Courtesy ACC 

6 6.46 Larsen & Toubro India 

6.47 Larsen & Toubro India 

7 7.13 FLSmidth India 

8 8.12 Larsen & Toubro India 

11 11.7 FLSmidth India 

15 15.51 Larsen & Toubro India 

15.52 Larsen & Toubro India 

15.53 FLSmidth India 

15.54 Larsen & Toubro India 

19 19.63 Larsen & Toubro India 

21 21.20 IKN Chennai 

21.21 Larsen & Toubro India 

23 23.10 Larsen & Toubro India 

24 24.8 FLSmidth India 

24.10 FLSmidth India 

24.11 Larsen & Toubro India 

30 30.19 FLSmidth India 

38 38.16 FFBH India 
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Table 2.1 
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Respective Standards published by 'Bureau of Indian Standards' as 
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Cement Engineers' Handbook by Otto Labahn 

Cement Data Book, Chapter 20, by W.H.Duda 

RB 1 

RB-I 

Chapter I8,Cement Data Book by W.H.Duda 

Wuestener, Indian Cement Review 

ZKG,4/89 
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Bharat Earth Movers Ltd (BEML) 

RB 10 

RB 10 
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Fig. no.3.4 & 3.5 

Fig. nos. 1.8 

Chapter 4 

Fig. no. 4.2 
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Chapter 4a 
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Chapter 4c 

Figs nos. 4c.1 & 4c.2 

Fig. no4c.3 

Chapter 5 
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Matsuoka and others ZKG 7/1980 

FLSmidth literature 
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RB 1 
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SECTION 3 

Annexure 3, Table 2.3 'Cement Statistics 2004' published by 'Cement Manufacturers Association, India.! 

Fig. no. 2.1 as above 

Fig. no. 2.5 Cement Map of India, Large plants publishedin Cement Staistics by CMA 

Chapter 7 

Table no. 7.3 Data on Railway Wagons based on publications of R.D.S.O. Indian Railways. 

SECTION 4 

Chapter 6 

Annexure 1, Tables 6.1 and 6.2 Cement Engineers' Handbook, Section L, by B.Kohlass. 

Table 6.3 as above 
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Fig. nos. 5.6 

Figs nos. 5.7 and 5.8 

Tables 5.2 and 5.3 

Chapter 6 

Figs. nos 6.4 and 6.5 

Figs nos. 6.6 to 6.8 
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Wartsila Diesel 

'Planning an energy efficient power system for a 

Cement plan' an article by Late Mr. P.S.Sharma 

'Automation in Cement Industry' an article by Late Mr.P.S.Sharma 

'Automation in Cement Industry' an article by Late Mr.P.S.Sharma 
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courtsey Fuller India / FLSmidth 
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RB4 

RB 1 

Hilton's Handbook on Belt Conveyors 
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Fig. no. 19.15 

Para 19.10 

Chapter 19a 

Fig. no 19a.5a 

Fig. no. 19a.6 

Fig. no. 19a.7 & 19a.8 

Fig. no. 19a.9 & 19a.lO 

Chapter 21 
Figs nos. 21.8 & 21.9 

Fig. no. 21.20 

Fig. no. 21.21 

Chapter 22 

Fig. no. 22.16 

Fig. no. 22.20 

Chapter 23 

Fig.no.23.1 

Fig no. 23.10 

Chapter 24 
Fig. no. 24.8 

Fig. no. 24.lO 

Fig. no. 24.11 

Chapter 25 
Fig. no. 25.1 

Fig. no. 25.2 

Chapter 26 

Fig. 26.29 
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O.T.Nielsen, Hasle Refractories 

NCBM Design Horizontal cyclones Indian Cement Review 

courtsey L&T India 

as above 

courtsey FLSmidth India 

courtsey L&T India 

RB 1 

RB 4 

RB 1 

RB I and RM 2 

Jenson Nicholson 'Schenck' division 

RB I 

Shakti Textile Engineering co 

RB 1 

RM3 

courtsey IKN India 

courtsey L & T India 

IKN India 

IKN India 

RM4 

courtsey FLSmidth India 

courtsey FLSmidth India 

courtsey FLSmidth India 

courtsey L & T India 

RB 4 

RB 4 

Aumund Literature 
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Chapter 30 
Fig. nos. 30.6 and 30.7 
Fig. no. 30.14 & 30.15 
Fig. no. 30.17 
Fig. no. 30.18 
Fig. no. 30.19 

Chapter 34 
Table 34.1 

Chapter 35 
Fig. no. 35.9 & 35.10 

Chapter 38 
Fig. no. 38.16 

Chapter 40 
Fig. no. 40.4 & 40.5 
Annexure 1 

Chapter 41 
Fig. no. 41.12 
Annexures 1 & 2 

Chapter 43 
Annexures 1 to 4 

Chaptre 48 
Fig nos. 48.10 & 48.11 

Chapter 54 
Fig. no. 54.2 

Chapter 55 
Fig. no. 55.1 
Tables 55.5 & 55.6 
Graph 55.1 
Fig. nos. 55.7 & 55.8 

Annexures Tables 55.1 to 55.4 

Chapter 56 
Table 56.1 & 56.2 

Chapter 60 
Fig. no 60.1 
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ENQS 
TDS 

SECTION 6 

Wuestener, Cement Industry Review 1986 
W. Thurst, ZKG, 1989 
RM5 &RM6 
Fuller Co. 
FLSmidth India 

Data from R.D.S.O. Indian Railways 

L. Bauer in ZKG 

FFEIFLS Bulk handling 

from Indian Railways 
Data on tracks etc. from Pawani Trading 

RM4 
RM6 

RM6 

Backau Wolf (Krupp Industries India) 

RB4 

RB2,RM3 
RM3 
RM3 
Peter Botha on 'Latest Developments in refractories for cement kilns' 
Kunne in ZKG 10/89 
Gita Refractories and Orient Abrasives Ltd. 

B.I.S.3677/1985 andBIS 3690/1974 

Mitsubishi Heavy Industries Ltd 

SECTION 7 

by Deolalkar Consultants 
various TDSes by Deolalkar Consultants 
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59 RB 11 

60 RB 2 

61 RM4 

62&63 RBlO 

64 compiled 

65 to 67 RBlO 
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Multiplying factors 

to kiln feed 59 
for blaine 92 
for C2S 93 
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Semi-dry process 2 
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SECTION - 2 
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185 Autogenous grinding 35 

181 Automatic bags feeding machines 145 

74 sampling systems 70 
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Bag filters 120 
quadrant airmerge 181 

application coal mills 130 
Blending effect 18,67 

operation cleaning cycles 121 Blending efficiency 67 

diluting air 121 Blending operation 64 

materials for bags 120 
in dry process 64 

temperatures they withstand 120 
in wet process 64 
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batch 65 

sizing of 121 
air merge blending 65 

example of sizing a bag filter 121 
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replacement costs of bags 121 
Blowers 181 
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heat exchanger 122 
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Bagging machines 142 Bucket elevators 159 
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Ball mills 20,27,29 chain bucket 159 
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aero fall 35 Bucket elevator mill 20,31 
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Barges or ships 153 handling systems 157 

Basis of OPC 139 crushed and granular 14, 157 
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Bed plate 170,193 
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Belt bucket elevator 75, 159 
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Belt conveyors 157 
Bulk handling of clinker 153 

capacity and size of 157 
Bulldozers 2 

have long life 157 
Bureau of Indian Standards (BIS) 190 
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IS 325 190 

impact idlers 157 Burners 104 

overland 157,169 Burning zone 99 
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Belt feeders 167 
Calcination process 86 

Calciners 86 
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Bin on load cells 71 design of 89 
Blaine surface 52,53 types of 87 
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dust chamber 89 Clinker breaker 116 
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two stage 89 Closed wagons 148 

Calibration 169 CO in gases through esp 128 
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increased by extending 111 
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Common handling facility at port 153 
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Compressors 181 
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Cement mills 135 rotary 181 
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closed circuit 135 screw 181 

change fineness 135 for bag filters 184 
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sizing 137 Containers 150 
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Control of product size 8 

Central drive 35 
Control of NO 89 x 
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Controlled flow of cooling air 111 
Conveying air 171 
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the speed 172 flexible 193 

Charge of grinding media 32 gear 193 

Chevron 15 Coolers 112 

Classifying lining plates 32 
development 112 
cross bar 112 
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for ground materials 50 Cooler efficiency 112 
coarse fractions 53 Cooling air 111,174 
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Dedicated compressor 184 
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Dedusting 171 
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grate bars 8 Deep bucket conveyors 160 

two rotors in same casing 8 Dense / lean phase conveying systems 161 
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Disagglomerator 48 
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Double deck systems 67 

Crushing circuits 50 
Double diaphragm 31 

closed circuit operation 50 Drag chain conveyor 157, 160 

circulating load 50 Drives for grinding mills 168 

Crushing of limestone 6 for feeders 168 
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Cyclone preheaters 78 Dry grinding 30 
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Drying chamber 30 
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brick lining of 81 Filter cake 23 

Cyclones 118 Dual drive 35,135 
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multiclones 61,119 optimum gradient 3 
design of 80 Dust collector for venting high 
pressure drop in 118 efficiency separators 53 
efficiency of 118 Dust content of gases 174 

Cylpebs 30 nuisance 145 
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Efficacy of pneumatic conveying systems 151 construction of 170 

efficiency of a cyclone 118 mounting 176 

of esp 127 overhung impeller 170 

of fan 170 impeller supported on both sides 170 

of motor 190 orientation 176 

Electric motors 188 entry single, double 170 
classification 20,174 Fans for airswept mills 174 
voltage 188 cooler vent air 174 
insulation 190 cooling air 174 
ambient temps 190 cooling kiln shell 170 
protection IP541 IP55 190 

dedusting, venting 170 
Electronic weigh scales 143 primary air 175 
Enmass conveyors 81 

laws 171 
Equilibrium charge 32 

Features of fans 170 
ESP & GCT 122 

impeller 170 
for coal mill 130 
factors governning performance 128 forward curved bladed 170 

resistivity of dust 127 backward curved 170 
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design criteria of 123 Feeders 167,168 

migration velocity 127 types of 170 

aspects ratio 127 belt 167 

retention time 127 vibro 167 
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constructional features 128 apron 167 
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number of fields 127 for grinding mills 167 
explosion flaps 130 table 167 

Excess of cooling air 110 regulation of rate of feed 166 
Export of cement 150 drives for 168 
External overhung drying drum 31 indirect metering systems 168 
Extraction from silos 140 loss in weight system 168 

Extractors 153 calibration of 169 

F 
drop test facility 169 

flow control gates 74,167 
F.K.Pumps 161, 184 solids flow meter 167 
Facilities for handling bulk cement for export 150 rotary vane 167 
Fan curves 171,172 screw 167 

operating point 172 
Feed in tons per hour 71 

efficiency 170 
Feed size 40 
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panels 185 hardgrove Index 21 
for oil and water 184 Grinding wet 29 

Final dust collectors 118,119 Grinding media 30 
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fuel in calciner 89 classification of 20 

crushed coal 89 open/closed circuit 20 

rice husk 89 
drying and grinding 20 

shredded tyres 89 
airs wept / bucket elevator 20 

Flow control 31 
autogenous 20 
ball/tube mills 20 

Fluid bed separator 60 trunnion bearings/slide shoe bearings 20 
Fluidisation techniques 64 horornill 23 
Fluxo systems 150 vertical mills 20 

Forced lubrication system 38,193 Grinding systems 50,53,174 

Frequency 188 air swept mills 51 
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G H 

Gamma rays 74 
H. T transformer, recitifier set 127 

GeT 121 
Handling bulk cement 140 
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quantity of water injected 123 Heat exchanger 122 

wet bottom 123 Heated secondary and tertiary air 171 
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Gear spur, helical 35 High density polyethylene 142 

Gearboxes 191 High efficiency separators 31,40,53,135,174 

helical 191 different designs of 53 

worm 191 rotating cage 53 

for vertical mills 191 efficiency of 53 

lubrication 193 particle size distribution 52,53 

forced lubrication 193 power consuption 53 

cooling 193 pro drop in 60 

selection of 193 
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nominal power 193 
speed of rotor 53 

standard sizes 191, 193 
variable speed drive 36 
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Gravel bed filter 130 
Hot gas generators 23 
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Hurry clones 81 sizing of 99 

Hydraulic drive 116 sp. outputs 102 

Hydraulic thrusters 102 thermal loading 99 

drives variable speed 102 
I dual drive supporting stations 99 

Impact of calciners 89 mechanical design of 104 

increase in radiation losses 89 radiation losses 105 
output of a calciner kiln 87 

Impact of conveying coal pneumatically 166 L 

Import of coal 154 LId ratio of mill 31,52 

Inching drive 193 Layouts for despatches 151 

Incidence of CO 128 Leading power factor 189 

Inert gas generator 23,130 Lepol grate preheater 78 
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Injecting CO 130 liners classifying 32 
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grooved 32 

Insulation 190 
lifting 32 

Intermediate collectors 61,118 
wedged 32 

International frame sizes motors 190 
Lining plates 32 

Involute shape of casing 170 
manganese steel 32 

Loaders wheel 2 
IP 54IIP55 Protection 190 

front end 
,... 
"-

IS 325 190 
Loading of cement 150 

K Long trailers 148 

Kiln feed 74 M 
by bucket elevator 75 

Main chimneys 
Kiln feed systems 71 

118 

purpose of 71 
Manpower for loading 148 

types 71 
Material handling equipment 120,139 

gravimetric, volumetric indirect 71 
Maximum size of stone 2 

Kilns batch 98 
Mechanical air separator 51 

shaft 98 
efficiency of 52 

rotary 98 
prevent overgrinding 52 

dry! wet 99 
distribution plate 51 

wet 71,99 
main fan 51 

Kilns components of 102 
auxiliary fan 51 

chain systems 99 
changing blades, nos, shape of auxiliary fan 

51 
degree of filling 99,102 

lid ratios 102 
cyclonic action in the outer casing 51 

oversize and undersize 50 
retention times 99 



Mechanical conveying systems 

Metering pulverized coal 

loss in weight system 

round twin screws 

close tolerances/decreasing pitch 

rotary vane feeders 

Mini cement plants 

Minimum radius of turning dumpers 

Mining 

manual 

mechanised 

Moment of inertia 

Motors types 

squirrel cage 

slip ring 

synchronous 

induction 

synchronous induction 

ac / dc 

enclosures 

t.e.f.c. 

unidirectional 

fixed speed 

reversible 

variable speed ac motors 

dc motors 

changing frequency 

slip recovery 

Multi channel burners 

N 
National and international standards 

Noise pollution 

Norms for permissible dust burdens 

o 
Oil burners 

Oil and water filters 

Open circuit mills 

Open gear train 

Operational parameters of coolers 

Optimum gradient 

Owned jetties 

151 

75 

75 

75 

74 

71 

98 

3 

6 

6 

6 

190 

189 

188 

188 

188 

188 

189 

189 

190 

190 

188 

188 

188 

189 

189 

189 

189 

104 

190 

117 

117 

104 

184 

135 

191 

112 

3 

153 

Index 11 

p 

Packing and dispatching operations 

Packing cement 

Packing machines 

rotary packing machines 

two loading and dropping off points 

stationary packing machines 

Pallets 

Paper bags 

Particle size distribution 

Pendulum flap valves 

Performance data of kilns 

Pivoted pan conveyers 

Planetary coolers 

cooling and combustion air 

limits to cooling 

overhanging weight 

external cooling tubes 

internal fittings 

lid ratio cooler tubes 

additional supporting station 

Pneumatic conveying systems 

145 

142 

142 

144 
144 
144 

148 

142 

52 

123 

105 

160 

107 

107 

107 

108 

108 

107 

108 

108 

150,166 

Pneumatic conveyors 161 

features of ' 166 

for firing coal in kiln ca1ciner 166 

dense /lean phase 161 

power consuption in systems 166 

impact of conveying coal pneumatically 166 

Power consumption 20,32,40,48,53,121,166 

in blending 70 

in grinding 

in vertical roller mills 

with roller press 

Power factor 

Pozzolana cement (ppe) 

Preblending 

32 

40 

48 

139 

139 

64 

complementary to continuous blending 70 

Preblending while stacking 18 

Precrushers 

Prefeeders 

135,136 

168 



12 Index 

Pregrinder 136 Reciprocating grate coolers 

Preheated air 86 spillage conveyed pneumatically 116 

Preheater in calciner kilns 81 air to be vented 111 

Pressure drop in 79 static grate in cooler 111 

Preheaters various designs of 81 Reclaimer 15 

developments in design 80 Recuperation efficiency 112 

stages, no. of 78 Redler chain conveyor 129 

cyclone 78 Resistivity curves 127 
Pressure drop 118 Resistivity of dust 127 

in the separator 60 Retention time in ESP 127 

in vertical roller mills 38 Revolving grate 98 

in preheater 79 Rippers 3 

Pressurised seals 38 Roller press 20,22,45,135 

Primary mill 136 action of 44 

Process gases 117,170,171 structural changes in the material 45 

Process of calcination 86 end and middle fractions 45 

endothermic 86 hybrid grinding 48 

outside kiln 86 Roller press and mill 48 

degree of calination 86 Roller press circuits 49 

related to the amount of fuel fired 86 precrusher in open circuit 48 
press only as pressing and grinding unit 48 

Q Rotary cooler 107 
Quantity of cooling air 111 dryer 107 
Quantity of water 122 Rotor resistance starters 189 
Quarrying limestone 1 Run off mine stone 10 
Quality of air 184 

S free of oil and water 184 
Sample of dust 118 

R Saving in power relation to efficiency 

Radiation losses in coolers 105 of separator 53 

Rate of wear 104 Screens 50 

Raw meal feed 98 Screens vibrating 50 

Ready mix concrete 155 crushed and granulated materials 50 

Reciprocating grate coolers 109 vibrating motion 50 

excess of cooling air 110 single deck screen 50 

vent air 110 double deck screen 50 

stationary reciprocating grates 109 Screw conveyors 71,159 

clinker breaker 110 Seal air fan 36. 

spillage in cooler 111 Secondary crusher 7 

conveying spillage 116 Secondary firing 89 



Index 13 

Selecting plant machinery for despatches 150 Slurry mixer 64 

Selection of machinery for material handling 157 Slurry seconds 71 
Selectivity curves 53 Small bins on load cells 150 
Self closing valve 142 Solids flow meter 72 
Self tipping railway wagons 157 Sp. power consumption 80 
Self-calibration 169 Spare motors 190 
Semi dry process 78 Special bulk carriers 150 
Streams of preheater 81 Special self unloading wagons 148 

single/two streams 81 Specific fuel consumption 89 
twin stream 81 Specific gas volume 80 
dissimilar streams 81 Specifications of fans 171 

Separators 40,50 of motors 190 
builtin 53 of compressors 185 

Shaft cooler 107 Speed variation 189 
Shipping bulk cement 150 stepped 189 
Shovels 2 Spillage 78 

sizes of 2 
Spillage in offline ca1ciners 89 

capacity of bucket 2 
width of buckets 2 

Spilled cement 145 

max. size of stone 2 Split location 153 

Shovels and dumpers 157 Stacker 14 

Sieve analysis 118 for coal 15 

Silos for cement 140 Stacker reclaimer 157 

storing different cements 139 reclaimer systems 14, 157 

special cements 139 swing boom type 15 

compartmentalised 140 Standardisation of motors 190 

multi compartment 140 Standby for the system 75 
with annular ring 140 Starters 189 
sectors and ring 140 direct on line 189 

Size of aperture 50 rotor resistance 189 

Sizes of jaw crushers 2 start delta 189 

Sizing of coolers 112 Starting torque 190 

Sizing the mill 139 Stockpiles 14 

for BFSC 139 linear 14 
fineness factor 139 circular 14 
C2S factor 139 space for 18 

Slat conveyor 144 types of 14 
Slide shoe bearings 20,29,32 Storing facility at port 150 
Slip 188 Synchronous speeds 188 
Slurry 29 System resistance curve 172 
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Vertical mills 20,36,135 
salient features of 38 

T airswept / closed circuit 38 
Tank like wagons 148 ring ball mills 36 
Temperature of windings 190 'E'mills 36 

Tertirary air 89 Claudius Peters 36 

duct 89 bank of mills 36 
in thermal power stations 36 

Thermal capacity 193 
direct and indirect firing 36 

Torsion shaft 193 grooves of a pair of rings 36 
Transporting clinker 153 roller mills 36 
Traveling grate cooler 109 designs of 38 

Truck loading machines 148 in external circuit 38 

Trucks standard tipping 148 pairs of large and small diameter rollers 41 

Trunnions 29 
master slave rollers 41 

20 
adjustible throat gap 41 

Trunnion bearings 
annular ring 36 

Tube mills 135 
Vibrations 170 

Twin cyclones 81 Vibrations and wear 40 
Two stage impactor 9 

Types of crushers 7 W 
Wagon drills 1, 181 

U Wagon loading machines 148 
Unloading rake loads 153 Wagon tipplers 153 

pneumatically 148 Water cooling 185 

V Water transport 153 
Wear resistant liners 170 

Vane feeders 71 
Weigh bridge 150 

Variable speed drives ·36 
Weigh feeders 74 

motors 188 
Weigh wagons . 148 

dc motor 102 Weighing facilities 148 
Various arrangements of coolers 111 Weighing mechanism 143 
Various designs of mills 32 Whizzers 36 

designs of preheater 81 Windrow 15 
Velocities at exit and entrance of cyclones 81 Wrap around motor 35, 139 
Velocity at throat 40 

X 
pressure 172 

Vertical impact crushers 136 
X-Ray analyser 19,70 



Index 15 

SECTION - 3 

A Cash flow 42,44 

Acquisitions and mergers 93 statements borrowing of funds 68 

Allow for wastages 20 Casual labour 40 

Allowances for transit loss, moisture 75 Categorisation of reserves 21 

Approximations in the excercise of Cement plants for specific purpose 92 

working capital, costs 70 Cement produced ton / man hour 37 

Area of mining lease 20 Cement statistics 3 

Ascertain all costs 73 Central and state geological and mining 

Assesment of deposits 19 department 3 

Availability of deposits 3,23 Checks after partial load trials 54 

of finance 92 Chemical analysis 22 

B 
Civil construction costs 58,64 

contractors 43 
Bag filters 27 

designers & consultants 
for vent gas 28 

43 

in kiln preheater system 27 
engineering aspects 13 

Clean ambient air 25 
for coal mills 28 

limestone 20 
Bagged versus Bulk Cement 82 

Cleaning Cooler exhaust gases 
Bar charts 42 

27 

Blending & kiln feed 
Clusters 13,16 

60 

Board of directors 36 
Commissioning 53 

Contractors 43 
Break even point 87 

Brick lining and insulation and lagging 51 
Manuals 56 

Bringing plant up to rated capacity 56 
Company role in erection 50 

Budgetary capital costs of the project 58 
Comparison of sites 11 

Budgetary prices by suppliers 58 
Completion of erection 51 

Build up costs -crushing section 
Computation of Interest charges 69 

tables 12.9-12.10 65 
Computer helps in data banks 62 

Build up of project costs by a Cement company 58 
Computer literate 34 

of total civil costs table 12.2 60 
Concessions in first year 87 

Building of overall costs table 12.11 66 
Consultancy fees 65 

capital costs of plant and machinery 64 Consumption and production of cement in India 12 

Bulk carriers 82 Contents of a T.E.ES 13 

C 
Contingencies 67,71 

Contract jobs 41 
Capacity utilization 87 Contract labour 40 
Capital costs 14 Contractor's responsibilities 

based on new and bought out machinery 70 
50 

of the project 58 Coordinated activity 50 



16 Index 

Core costs 71 Drills and compressors 23 

Core samples 20 Dry runs 51,53 

Correcting materials 22 Dust collecting equipment 25 

Cost of bagged cement delivered to site 80 E 
blending materials 73 

Economies of scale 92 
cement 74 

Efficiency of a bag filter 28 
clinker 74 

Elements of cost of cement 81 
correcting materials 76 

costs of coal 77 
electricity 73 

costs of production table 13.1 74 
energy 78 total capital costs 64 
fuel 78 Emissions of dust 25 
materials as received tables 13.2, 13.3 76 Emoluments and perks 36 
naked cement 80 Empirical methods of working 
power 78 out civil construction costs 59 
raising limestone 75 Environmental aspects 13,25 
major machinery and auxiliaries 60 planning 25 
electrical power distribution system 60 Equity 68,69 
power with captive power plant 78 Erection 49 
production 14 schedule 50 

raw materials 75 Erection and commissioning 65 

Create screens 25 Erection drawings and data 51 

Critical path methods 42 Erection of electrical equipment 49 

Cross checking build up of costs 70 plant and machinery 49 

D 
on contract 50 

ESPS 26 
Data bank 58 

for cement mills 26 
Data banks of prices machinery and auxiliaries 61 

for coal mills 26 
Debt servicing ratio 14,87 

Evaluation of sites 10 
Debt/equity ratios 68 Example of working out power costs 78 
Demand forecast 15 Executive summary 14 

markets 15 ofTEFS 90 
studies 15 Exercise of arrising at variable costs 80 

Demand in public and private sectors 17 Extent of contaminants 19 
Density of road traffic 31 

Depreciation charges 87 F 

Detailed investigation 19,20 Fabrication and erection of chutes and ducts 51 

Differences in capital costs 70 Factors favourable for growth of Cement 17 

Discounts 71 Feeder roads 30 

Distribution net work 39 Felling of trees 25 



Finances for plant and machinery 

for the Project 

Financial institutions F.1. 

Financial loans tables 12.13 to 12.15 

Financial projection 

Financing and Accounting Services 

First steps 

Fixed and variable costs 

Fixed costs 

Flow charts and machinery schedules 

Fluctuations in rates of taxes and duties 

Forests and Sanctuaries 

Format of TEFS 

Freight 

costs 

and bagging 

Fugitive dusts 

Funds management 

Further savings in duties 

G 
Green belts 

Grindiability tests 

Gross profit 

I 
I.D.B.l. 

Identify possible sites 

Implementation Schedule 

Imported machinery 

68 

14 

10,67 

69 
14 

40 

3 

73 

73,80, 87 

13 

63 

21 

14 

82 

73 

87 

25,28 

43 

71 

29 
22 
82 

10 

Increase in surplus bulk cement table 13.7 

3 

42 

63 

83 

82 

21 

21 

77 

surplus due to bulk cement 

Indicated reserves 

Inferred reserves 

Indigenous coal 

Infrastructural facilities for a cement plant 

Inhibiting factors 

Initial activities with own funds 

Integrating different schedules 

13,30 

13 

68 

43 

Interest charges 

Internal rate of return 

Investigations in phases 

Investment analysis - annexure 1 

Index 17 

68,87 

Investment costs in rs / ton of annual capacity 

87 

19 

89 

70 

Investment decision 

ISO standards for bricks 

K 
Knowledge workers 

L 
Labour costs 

Labour for housekeeping 

Land and site development 

Landscaping 

Life of a cement plant 

Lime stone deposits 

of India 

of cement grade 

raising costs 

Loan repayment schedule 

Location of the plant 

of crushing plant and factory 

Loss in transit 

Loss of land 

M 
Machinery for mining 

Machinery wise and department wise 

build up of taxes and duties 

Macro levels 

Main consultants 

Maintenance and repairs 

Man hours / ton of cement 

Man power 

for a million ton plant 

in quality control 

requirements 

2 

52 

39 

73 

40 

64 

21,25 

92 

13 

3 

19 

73 

44 

25 

23 

73 

25 

23 

63 

15 

42 

37 

37 

34 

41 

37 

14,36 



18 Index 

Managing cash flow 44 Optimum size of a plant 91 

Map of India - volume of consuption and Organisation 36 
production 5 Structure 37 
sites existing cement plants 6 

Over burden 19 
limestone deposits and collieries 7 

networks of railways and roads 8 
Over heads 73,80 

clusters of cement plants 9 Overall cost of rawmaterials 76 

Margin money 67 p 
basis of calculation table 12.12 67 Pay back period 14,87 

Market 1,13 
Perform ace trials 57 

Marketing 39 
of ESP 26 

Marketing and selling costs 73 
Pit head costs 73 

Mathematical model 91 

Maximum demand costs 78 
Plant, machinery & electricals costs 65 

Measured reserves 21 
Planting of trees 25 

Mines adjacent to factory 23 
Policy making body 36 

Mining equipment 60 
Pollution control norms 25 

leases 23 
Power 32 

plans 20 
Preheating of refractory 55 

Miscellaneous fixed assets 66 
Preliminary and preoperative expenses 67 

Models for projecting demand 15 
investigation of deposits 3 

Moisture 73 investigations 1,19 

Moratonium on interest payable 87 Preserving trees 21 

Movement of cement 15 Price 1 

Mr. Rouss 91 movements 17 

of cement and its elements 80 
N 

Process and quality control 13 
NCBM 19 Processes and machineries 13 
Need for TEFS 4 Productivity of manpower 37 
New concepts in manpower planning 37 

Profitability - Financial ratios 87 
No load currents 53 

trials 53 
Profitability is projected 87 

Profits 1 
Noise 29 

of working machines 25 
Progress of erection 51 

Norms for financing new projects 14 
Project implementation schedules 42 

Numbers 36 
Project monitoring 42 

Prospects 1 

0 Protocol for conducting trials 57 

On contract 49 Proximity of markets 16 

Operative norms 13 Public issue 68,69 



Q 
Qualifications and experience 

Qualities of workforce 

Quantity of deposits 

of water required and its sources 

Quarries as a source of water 

R 
Rail links 

Railway siding 

Rake lengths- table 7.3 

Realisation from sales 

Recommendations of TEFS 

Reduced manpower in new plants 

References in indian context 

Representative analysis 

quality 

Requirements of power 

Rippers 

Road links 

Royalties to be paid 

Running of gears 

Running in of mills 

s 
Salaries wages 

Selecting coals to reduce costs 

Selection of probable sites 

Selling price 

Semi-skilled workers 

Sensitivity analysis 

Sequence in crushing 

in kiln 
in raw mill 

Sequence of commissioning 

Shovels and dumpers 

Simulation programmes 

Size of single productive unit 

of market 

plant and limestone deposits 

of the cement plant 

36 

34 

20 

33 

34 

30 

31,64 

32 

14 

90 

34 

18 

22 

22 

13,32 

23 

30 

75,73 

53 

53 

80 

77 

4 

87 

34 

88,89 

53 

54 

54 

53 

23 

39 

91 

91 

92 

91 

Index 19 

Social amenities 35 

Sources of information 2 

of manpower 34 

~~~SM~ ~ 

Splitting oftotal power consumption 79 

State and Central pollution control 

boards (PCB) 25 

State of development of technology 91 

Statistics on production and consumption 

of cement 3 

Stores and spares and maintenance costs 79 

consumed 73 

Stucture of salaries - tables 13.9, 13.10 85 

Studies at macro level 15 

Summary man power 1 mtpa plant 41 

Super imposition of markets and available sites 3 

Supervision of erection 49 

Suppliers 43 

Suppliers supervision 56 

Surcharges 78 

Surface samples 19 

T 
Tables build up taxes duties 12.7 to12.9 63-65 

Taking up TEFS 3 

Tall chimneys 26 

Taxes, duties, insurance 62 

Technical aspects of report 13 

Techno Economic Feasibility Studies (TEFS) 4 

Three disciplines in erection 49 

Tools and tackles for erection 50 

Tools for monitoring 42 

Total capacity in one place 91 

Total capital costs for the plant and machinery 64 

Total costs of production 74 

Tum down ratio 55 

Types of cement 

Typical bar charts 

organisational chart 

13 

45-48 

37 
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u 
Unskilled workers 

v 
Variable costs 

in two steps 

cement, clinker tables 13.6, 13.7 

Variation in quality 

Viability 

Voltage of transmission 

w 
Water 

from borewell 

resources 

A 
Air Conditioning 

Allocation of housing 

B 
Basic facilities in workshops 

Benchmarks 

Bins 

for pulvarised coal 

Building design 

Bulk handling 

C 
Capacities of hoppers 

Cement silos 

Centre lines of machines 

Civil design aspects 

engineering and construction 

Clubs 

Colony 

Column footings 

spacings 

Concrete roads 

34 

73,87 

74 

81,83 

19 

2 

33 

33 

34 

13 

Working capital 

Working out costs of materials and fuel 

of Production 

Working out profitability 

Works contract 

y 

Yardsticks 

comparison capital costs 

Z 
Zement Kalk Gyps 

SECTION - 4 

Contours 

10 Cost of colony 

17 D 
Data needed for civil design 

12 Density of traffic 

3 Departmental layout drawing 

24 Depth of rock 

25 of beams 

2 Design Norms for non-factory building 

24 of Silos 

of water supply system 

Designs of accomodation to be provided 
27 Difficulty in maintenance 

1 Dimensions of a silo 
3 Dormitories 
3 

Drinking water 
1 

Dynamic loads 
21 

17 E 
2 Electrical repair shops 

44,67 

75 

73 

86 

72 

14,70 

70 

91 

5 

19 

2 

7 

2 

1 

2 

11 

4 

28 

17 

5 

22 

20 

10 

2 

13 

2 Estimation of quantity of water tables 6.1, 6.2 30 

8 Extraction of material from silos 23 



Index 21 

F N 
Facilities for maintenance of Instrumentation 14 Non-factory buildings 9 

for workers 16 0 
in the colony 19 

Offices 15 
Factory buildings and machinery foundations 1 

Flat and concical bottom Silos 22 
Open layout 15 

Floor levels 2 
Outsourcing 13 

Overhead tank 28 
Fluidize material for extraction 22 

Foundations 2,3 P 
Functional design Parking 16 

G 
Piping layout 4 

Planning the housing colony 17 
Garages 16 

Pockets for foundation bolts 3 
Green belts 19 

Preheater towers 1 
Guest Houses 20 

Preliminary investigations for civil design 1 

H Protection against wear 26 

Head office 15 Q 
Heating pads 25 Quality of water, table 6.3 31 
Hoppers 25 

R 
J Rain water harvesting 29 
Junior guest house 20 Requisites for non-factory building 9 

K Ring beams and columns 4 

Knowledge workers 17 Roads 7 

Rotary kiln 2 

L Routing of cables 4 

Landscaping 19 
S 

Layout of the colony 19 

Level surfaces 3 
Seismic zone 1 

Lighting 4, 14 
Selection of machines 12 

Load bearing capacity of the soil 1 
Senior guest house 21 

Load centers 9 
Service stations 16 

Location of colony 18 
Shapes of hoppers 26 

Locations of non-factory buildings 9 
Sides to be covered 4 

Silos 22 

M aeration of 22 

Maintenance requirements 2 on stilts 23 

Map of contours 1 Sizing and layout of buildings 10 

Marked routes 3 Sloping contour 5 

Medical centre, shopping 19 Static or dead loads 2 



22 Index 

Stirrers in bins 25 Utilities 4 
Stockpiles 27 water 28 
Storage silos for blending 1 

V 
Storages of bulk materials 22 
Stores 11 Venting 26 

Storing clinker 27 Vertical mills 2 

Study of resources for water 29 Vibrators 25 

Suggestions about a guest house 21 Volume of traffic 8 

T W 

Tallest structure 1 Wastewater treatment plant 19 
Testing laboratories 14 Water for captire power plants 29 
Toilets 10 green belts, gardens 28 
Treatment of water 28 

Water from borewells 28 
Types of guest houses 20 
Typical layout of a colony 19 Water seepage 5 

of a general stores 12 Wind rose 18 

Typical water distribution system 29 Wind velocities 1 

U Workshop building 13 

Underground water table 1, 4 Workshops 12 

SECTION - 5 

A C 
Air-slide,belt and bucket elevator 37 Cable Layout 23 
Alarm bells 62 lengths 20 
Articles by Mr. P.S. Sharma 32,69 radii 23 
Automatic control 39 Cables 20 

Automation 55 box 26 
Automation in Cement Industry 69 Cables in various locations 20 
Automation of dispatches 84 spacing 23 

B 
Calculating results 58 
Calibration 63,68 

Bar Graph 72 
Capacitor banks 6 

Basic principles oflighting 77 
for power factor correction 41 

Bends 23 
Capacity of captive power plant 10 

Blaine, surface 82 
Capitalize equipment losses 45 

Bureau of Indian standards 9,81 
Captive power plant 2,35 

Burning and cooling 70 
Cascade control 56 
CCTV 73 



Cement grinding 

Central control panel 

Room 

Station 

CFL fittings 

Chemical composition 

Choice of lights 

Civil design 

Class of insulation B F 

Closed circuit mill 

Closed control loops 

Coal based thermal power plants 

Coal grinding 

Collecting samples for testing 

Common base frame 

Common enclosures 

Communications 

in a cement plant 

in a section of the plant 

Comparing signals 

Computer control 

in cement industry 

for process control 

Continuous blending 

monitoring 

Conventional system of instrumentation 

Conversion ratios 

Correction of power factor 

Cost of captive power 

generation 

cables 

Cross sectional area 

Crushing and compressive strengths 

Current carried and power factor 

D 
DC motors 

D.G sets 

and their utilisation 

or thermal power plants 

71 

67 
79 

67 

77 
55 

77 

84 

28 
39 

55 

2,13 

69 
82 
26 
28 
79 

79 

79 

58 
74 
83 

58 
65 

58 
72 

54,55 

6 

9,10 

9 

20 

23 

81 

5 

3 

2 

12 

10 

Index 23 

Design aspects of a laboratory 

Design margin 

Design of a control desk 

machinery 

power distribution system 

Designing power distribution system 

Destructive and non-destructive tests 

Deviations 

Direct digital control 

on line starters (DOL) 

reading of secondary parameters 

Distributed control system 

Distribution boards 

Distribution system within the plant 

Double bus 

Drawings 

Dust emission 

E 
Earthing 

Eddy current coupling 

Efficiency parameters 

Electrical power tariff 

Electricity rules 

Energy control through load staggering 

costs 

management 

meters 

Equipment protection 

Equipping the laboratory 

F 
Flame temperature 

Flexible power distribution system 

Flow sheets 

Fluid coupling 

Freight rates 

Fuel costs 

Fuzzy Logic 

82 

7 

67 

83 

29 

6 

81 

55 

74 

28 

62 

74 

16 

2 

45 

84 

82 

29 

37 

54 

9 

9, 16 

42 

32 

75 

9 

43 

82 

73 

45 

67 

37 

10 

10 

63 
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G Laboratory 81 

Generation of power 1 Layout of d.g. set installation 13 

Grindiability tests 81 Layout within buildings 26 

Group cables 20 Life cycle cost of drives 34 

Gyratory crusher 39 Lightning arresters 29 

Limestone deposits 83 
H Load factor 7 
H T drives 3,4 Location of d.g. sets 12 
H.T. and L.T. control panels 16 of MCCs 46 
H.T. control panel 16 and numbers of MCCS 17 
High reliability equipment 42 Log sheets or hard copies 66 
High uptime 42 Long distance communications 80 
HT motors 1 LT and HT boards 20 
Hydel stations 1 

M 
I Main components of the PDS 16 
I & PC 57,59 Main transformers 16 
Identifying cables 23 Maintenance of d.g. sets 12 
Individual capacitors 6 Management of finances 85 
Inertia of load 29 Margins for Substation capacity and expansion 9 
Installation oflighting system 78 to be Provided 7 
Installation, supply of oil for d.g. set 12 Marketing 85 
Instrumentation 55 Material of construction 23 

and control schemes 55 Maximum demand 5,9,42 
and monitoring 55 Maximum demand costs 9 
and process control : (I&PC) 59 MCCS and It boards 20 
options 71 

Means of communications 79 
Insulation 23 

Measurement of sectional power consumption 46 
Inter related operational parameters 66 

74 Mid kiln / calcining zone temperature 
Interlock loops 55 

79,80 Mobile phones 
Internal communications 79 

telephone system 79 Modulii raw meal, clinker 56 

Moisture measurement 81 
K Monitor 67 
Key flowchart 66 Monitoring devices 43 
Kiln drive motor torque 73 Motors 28 

L lists 17 

L T drives in a section 4 Motor control center (mcc) 16,46 

L.T. control panels 16 Motor foundations 26 



N 
National grid 

National standards 

Noise immunity 

o 
o ,CO, CO contents 

O~-line X-r~y analyzer 

Operational control 

Operators' responsibilities 

Overall power consumption 

Overall power costs 

Overhead and underground layouts of cable 

p 

P& I diagrams. 

Pager system 

Panels in ht and It boards 

Parameters for measurement and control 

Particle size distribution 

PCs 

Physical and destructive tests 

Planning for instrumentation 

Pneumatic screw pump 

Pollution control 

Post mortem information 

Posts and telegraphs 

Power consumption 

consumption in whole plant 

distribution grids - macroscale 

distribution system 

distribution system in the cement plant 

Power factor 

1 

16 

75 

55 

43 

84 

62 

6 

10 

23 

57 

79 

17 

54 

81 

54 

81 

71 

37 

76 

73 

80 

46 

8 

1 

35 

16 

4 

improvement 40 

Power supply and distribution in a cement plant 1 

Primary parameters 54 

Problems of power electronics 37 

Procedure for ccalculating power consumption 48 

Process automation 

computers 

control 

computers 

scheme 

Programmable controllers PCs 

logic controller 

Project engineering 

Proportioning of raw materials 

Proximity switches 

Public telephone system 

Q 
Quality control 

Quality Control System (QCS ) 

Quality of clinker 

of raw mix in batch blending 

R 
Rating of d.g. sets 

Raw meal 

Ready reckoner for kiln control 

Recorders 

Reducing quantities of cables 

Regulation of parameters 

Reiterations 

Ring mains within the plant 

s 
Safety 

Sampling automated 

Scheduling and follow up of events 

Schenke diagrams 

Secondary parameters 

Selecting transformers 

Selection of cable sizes, types 

Selectivity curve 

Share display 

Shell temperature scanners 

Sieve analysis 

Simulation programmes 

Index 25 

42 

54 

54 

67 
57 
74 

16,42,58 

83 

83 

43 

80 

63,81 

66 

83 

64 

11 

69 
72 

55 
20 

55 
58 

3 

43 

82 

84 

32,33 

54 

9 

20 

82 

74 

73 

81 

66 



26 Index 

Simulators 66 U 
Single control loops 55 Underground cables 23 
Sizing of machinery 83 UPS systems 78 
Slip 28 

Usage factor 7 
Slip recovery 37 

Using computerised automation 67 
Sophistication 60 

Using plant layouts for cable layout 23 
Sp. fuel consumption 55,82 

Sp. power consumption 55 V 
Special illumination 77 V - Belt 37 
Specifications of instruments 57 Variable ratio gear fluid drive; 37 
Standards of design and manufacture speed control 37 

of electrical equipment 9 Variable slip system 37 
Star/delta starters 28 speed drives 3 
Starters 28 speed induction motors 28 

for sr induction motor 28 speed motors I 
State electricity boards 1 

Variable voltage & variable frequency 37 
Statutory tests 81 

VDU 74 
STD facilities 80 

Vertical roller mill 39 
Stores and storages 78 

Voltage and frequency 1 
Storing in memory 58 

Voltage of generation 1 
Street lighting 77 

Substation of the grid 16 
of supply 23 

Synchronization of grid and captive power 2,4 
stabilizers 78 

Synchronous motors 40 
transformation 45 

System of cables ht and It 16 W 

T Walkie-talkies 79 

TEFC enclosure 28 Walkways along conveyors and tunnels 78 

Telephone exchange 79 Weekly log sheets 66 

Telexes, fax, e-mails 80 Wider scope of computer control 68 

Tertiary parameters 54 Windows 67 

Thermal power plant 1,13 Working requirements of power step by step 6 

Thyristor controlled dc drive 37 Workshops and garages 78 

Today's control desk 67 Wound rotor AC with/without slip 

Transformers 9, 16 recovery system 37 

Trend curves 61 
X 

Types of tests carried out 81 

Typical Instrumentation and control schemes X-ray analyser 66,81 

Figs 4.1 to 4.8 55 Z 
Typical layout of a d.g. set 14, 15 

Zero speed switch 43 
Typical PD schemes 17 
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SECTION - 6 

1 or 2 loading points 342 

110 V safety lamps 500 

2 hoppers width wise 251 

2 lanes with shoulders 49 

2 or more unloading points 310 

2 stock piles 69 

A 
Abrasion resistance 507 

Acceleration loss in ducting 437 

Access to working platform 481 

Accidental over shooting of kiln 202 

Actual angles of inclination 419 

Actual lengths of ducting 419 

Adjustable gates at the bottom in G cooler 274 

Administrative offices 14 

Aeration of continuous blending silo 126 

of silo bottom 119,332 

of storage silos 121 

Air blasters in preheater 158 

Air drawn from cooler into calciner 184 

for combustion and cooling 233 

for combustion in calciner 

Airlift 

183 

115,127,165 

Air loading and pressure in grate coolers 262 

Air slides 113, 127,333,337,392 

Air swept mills 

Air to air heat exchanger 

Aligning-bed plates 

Alignment of overhead transmission line 

of railway siding 

Alkali bypass 

All metal conveyor for clinker 

Alumina -silica group 

Aluminium cladding 

sheets 

Angle of repose 

Angles of chutes 

Annular surface in blending silo 

74,388 

266 

209 

19 

19 

160 

276 

508 

522 

522 

401,415 

403 
125 

Application of refractories 

of fans 

Apron feeder 

Arching in hoopers 

Area of dispersion chimney exhaust 

Asbestos rope 

Ash content of coal 

Aspects of duct design 

508 

524 

48,54 

299,498 

449 

409 

295 

411 

Assessment of land required for acquisition 18 

Automate of packing and loading operations 355 

Automated truck and wagon loading 355 

Automatic samplers 505 

Automation 359 

in sampling and testing 505 

Auxiliary furnace for drying 302 

storage for clinker 

Availability of land for factory 

of trucks for transport 

Avoiding spillage chute design 

Axial thrusts on foundations 

B 
Bag diverters 

Bags godowns 

Bags jute or polythene 

Bag filters 

279,287 

5 

331 

406 

472 

344 

338,502 

337,340 

58,62,266,388,483 

Bagged and bulk cement by road 

Bagging capacity calculation of 

Balancing of gases 

344 

342 

166 

of system 90 

Ball mills 

Barges for clinker 

77,90,100,316,320,460 

364 
available for dispatches 366 

Barometric pressures at different altitudes 432 

Basic and magnesite bricks 

Batch blending 

Battery of compressors 

Bed Plates 

for drive 

135 

119 

527 

208,467 

469 



28 Index 

Belt conveyor 

for crushed stone 

Belt feeder 

62,276,299, 

320,347,364,484 

54 

85 

scrapers 500 

for wagon loading 351 

Bends 91,389,417,428,442,454 

Bending of kiln shell 

Bernoullis theorem 

Bin on load cell 

BIS certification 

Blaine 

Blast furnace slag 

Blend imported coal 

Blended cements 

Blending cycles 

effect 

effect and number of layers 

Blending efficiency 

material separately 

materials 

systems 

Blinking lights 

475 

414 

132,408 

337 

318 

297, 308, 313 

380 

11,297,318 

121 

123, 125 

69 

506 

313 

11,297 

119 

451 

1 Block diagrams / flow charts 

Blowers 

Blower/s for unloading 

Bond's work Index 

Bore wells 

117,127,461,527 

310 

Breaking Lumps of Clinker 

Bricks 

blocks, arches & wedges 

lining 

retaining rings 

are jacked 

Bricking up the area 

Bringing cement from plant for export 

Briquettes of fly ash 

Broadening of railway tracks 

Bubble lifts 

318 

465 

254 

507 

508 

210 

213 

210 

156 

373 

305 

384 

491 

Bucket conveyors 231 

elevator 

elevator mills 

115, 148,276,366 

elevators in kiln feed system 

Buffer stock of empty bags 

Building columns and beams 

floors 

Built in hoisting beams 

the design of the machinery 

Bulk carrier 

for export 

for fly ash 

Bulk cement within short distances 

Bulk density 

Bulk dispatches by road 

dispatches in barges/ships 

handling 

handling facilities 

loading 

loading facilities at plant 

receipts and dispatches by Rail 

Bulldozers 

Bureau of Indian Standards 

Burner pipe 

angle, position of 

Buners platform 

Burning zone 

zone conditions 

c 
c.I. spun pipes 

Cable 

trenches 

Calcination 

Calciners 

and preheater streams 

in small plants 

to be installed later 

74,117 

133 

338 

46 

472,495 

493 

495 

309,408 

374 

309 

375 

387 

358 

363 

376,408 

375 

14,357 

374 

357 

71 

504,523 

217 

217 

186,217,220 

513 

190 

465 

15 

15,456 

173,183 

135,145,173 

144 

156 

152 

vessel 175,178,182,513 

Calculating pressure loss in ductings 431 

velocity pressure 431 



Calculation of degree of filling 

of retention time 

Calibrate the field instruments 

205 

204 

480 

Calibration 132 

Calorific value 222,291,295,302,506 

Canopies 452 

Capacities of bulk carriers 310 

of silos 318 

intermediate silos 318 

after expansion 13 

of crusher 291 

of main coal mill installation 

of spillage conveyor 

of the ship 

tables and charts 

Captive power plant 

Careful selection of options for layouts 

Cast steel 

Castables 

secured with anchors 

with suitable anchors 

Cement cooling 

Cement mills 

feeding fly ash 

sizing and power 

302 

249 

367 

68 

6 

16 

199,206 

135,507 

513 

245 

322 

315 

312 

316 

Center lines 199,208,242,468 

of cable routes 

of kiln and cooler 

of various sections 

Center line distance 

Central compressor house 

control panel 

crane gantry 

grease lubrication systems 

heating 

Central location of compressors 

Central pollution control board 

Central shaft 

Centralised storage 

lubrication system 

18 

216 

18 

13 

458,527 

9 

64,276 

243 

531 

527 

148 

279,280,333 

11 

461 

Centring and leveling of bed plates 

Certified drawings 

Index 29 

468 

479 

Chain conveyors 

curtains 

113,115,231,307,400,489 

254 

links 

system 

Chequered plates 

Chimneys 

alongside preheater tower 

forced draught 

location 

Chrome ore 

Chutes 

basic guide lines 

design 

and ducts 

fabrication 

on conveying system 

Circular or linear stockpiles 

stockpile for coal 

Circulating load 

Civil design 

and drawings 

engineering 

Cladding 

Classification of calciners 

Clay and iron ore 

Clean ambient air standards 

gases or air 

scavenging air flows 

Cleaning or poking of hoppers 

the dust carried 

52,249 

136 

453,489,496 

148,266,449 

148 

449 

450 

508 

400 

404 

400 

46,409 

409 

403 
294 

294 

92 

46 

478 

283,463 

522 

174 

72,79 

449 

412 

270 

84 

387 

Clinker 5,38,135,165,222,242 

Clinker / slag proportion 297 

breaker 254 

cooler 231,249 

cooling curve 259,302 

crusher 233,254 

resistivity 265 

extracted evenly 288 

stocks 277 

storage 265 



30 Index 

Closed circuit in crushing 58 

circuit grinding 92 

circuit with high efficiency separators 315 

or open circuit crushing 48 

pneumatic systems 307 

systems 

Co-generation from preheater gases 

CO injection / spray systems 
2 

Coals 

and gypsum 

and gypsum handling systems 

as fuel 

blending 

Coal crushed to - 5 mm 

crusher 

flringpipe 

flring systems 

located at preheater 

461 

531 

502 

222,380 

291 

291 

222 

295 

182 

291 

235 

222 

302 

mills 

mill installation 

87, 90, 11 0, 302 

302 

to be pulverized 

stock piles 

Coarse fraction 

Coating 

properties 

Coeff. of friction 

Coefficient of expansion 

Collect data on speciflcations of tackles 

Collecting dry fly ash 

Collecting spillage 

Collection and transport of dust 

Column centers 

Combi cooler 

Combustible wastes 

Common bed plate for motor and gear box 

bulk handling facility at port 

chimney 

circulation system 

for road and rail dispatches 

Commonly used sectionalization 

222 

380,503 

308,313 

472 

507 

439 

422 

494 

307 

249,343 

249 

46 

237 

174 

469 

374 

266,449 

460 

358 

333 

Complete rakes 

Components of a flring system 

of a kiln feed system 

of a packing machine 

of a rotary kiln 

Composition of raw meal 

Compressed air 

Air pipe line 

air supply 

Compressive and tensile strengths 

Compressor house 

Compressors 

reciprocating and blowers 

for blending air 

381 

223 

130 

336 

193 

222 

45,149,225,454 

458,528 

454 

507 

458,527 

117,454,527 

526 

121 

Concrete walkways 487 

Condensation cycles of alkalies and chlorides 158 

Condensation in bags 302 

Conical storage sheds of large diameters 279 

Connecting duct on burners platform 186 

Connecting rods and eccentrics 245 

Connections with fans 423 

Construction of preheater fans 170 

of continuous blending silo 125 

Consumption of coal 291 

of refractory 

Containers 

Continuous blending 

conveying of spillage 

515 

371,375 

85,119,125 

256 

pneumatic conveying of clinker dust 256 

Contours 

Contours of coast line 

Control by speed 

of fan operation 

Controlled flow grate 

Convection 

Conventional burners 

Conventional separator 

Convergent divergent piece 

Conversion of gauge 

Conveyed pneumatically 

7,47 

364 

166 

166 

135 

522 

183 

74,96 

414 

384 

223,312,357,373,454 



Index 31 

Conveyed pneumatically I mechanically 307 Crescent shaped heat resisting cast iron I cast steel 

Conveying air 165,223,387,454 199 

and storing clinker 276 Critical dimensions for design of buildings 478 

cement 320 Cross bar cooler 237,275 

crushed lime stone 64 across the width of the cooler 275 

of cement 118 Cross check results of X-Ray analyser 506 

of pulverised coal 118,223 Cross conveyor 487 

primary air 183,223,411 Crusher drives 62 
systems 332,403,500 hopper shape 51 
velocity 454 in closed circuit 58 
gantries 484 Crushing section 61,492 

Conveyors for correcting materials 81 Curing with cold water 513 
Cooler at right angles to kiln 242 

Cut off quick closing dampers 503 
Cooler hood 233 

Cycling valve 121 
hoppers 243,250 

Cyclone collectors 62 
level and Fan 262 

lubrication 243 
preheaters 139 

tube 232 
suspension preheater 136 

vents 302 
in tower 155 

recupo1 273 
of opposite handing 184 

Cooling air 240 Cyclonic vessel 174 

escaping 243 D 
Cooling in separators 325 

Dampers 262,424,524 
of cement 322 

Butterfly 424 
of clinker 231 for regulation 262 
of kiln shell 210 Data bank of layouts 45 
pond 463 Data for departmental drawings 479 
towers 463 

on dust burdens 525 
water 463 

on railway wagons and railtrack 383 
water pipe line 463 

on types of wagons to be loaded 348 
water systems 460,461 

Core machinery 45 
on wagons 385 

Core section of a cement plant 135 
Datum levels 11,47 

Correcting materials 72 
Day service tanks 225 

Corrugated pipe 408 DC motor 167,240,245 

Counter current 300 Dead burnt magnesite 508 

Covering clinker stored 289 Dead loads 46 

of belt 485 Dead stock 289 

Crane 372,494 Dead weight 472 

Crane gantry with overhead traveling crane 299 Deducting depths of beams 478 

Creep 206 Dedusting chamber and connecting duct 184 



32 Index 

Deep bucket conveyor 155,233,243,250,279,487 

Deflections 193 

Degree of accuracy 

of calcinations 

of filling 

Dehydration of gypsum 

Demurrage 

Dense / lean phase conveying systems 

Density and porosity 

correction factors for altitude 

of air at different temperatures 

of the chain system 

Departmental drawings for civil design 

drawings for each floor 

layouts 

130 

174 

204 

322 

381 

454 

507 

432 

432 

136 

46 

46 

46 

layouts of preheater and ca1ciner 160 

Depth of pit for air lift elevator 117 

Design and operation of preheaters 139 

Design bolts for foundations 

Design margin 

margins in preheater fan 

of a venting system 

of bed plates 

of ca1ciners 

of chimney and its foundation 

of chutes 

of cyclones for final capacity 

of expansion joints 

of foundations 

of hoods 

of railway siding 

of sampling system 

of supports 

of system 

of walkways, railings 

the jetty 

Designed hoists and lifting tackles 

Detailed ducting drawings 

Detailed layout 

474 

412 

166 

388 

467 

174 

450 

400 

155 

422 

472 

391 

382 

506 

421 

412 

489 

367 

491 

419 

17 

Determine calorific value, moisture and ash in coal 
506 

Develop the final departmental layouts 

the general plant layout 

Developing railway siding 

the layout 

Development drawings 

of departmental layouts 

of scheme 

Devices for extraction of wet materials 

Dew point 

DG sets 

Diameter of pile 

Diamond shaped pendulum 

Diapharagm plates 

Diesel engine 

Diesel locomotives 

Different calorific values and ash 

grades of alumina bricks 

Dimensioning of silos 

Dimensions of beams and columns 

of building 

of ISO bricks for kilns 

of pits 

of stock piles 

of tyres and rollers 

Direct cooler 

Direct firing of coal 

Direct-indirect cooler called G-cooler 

Disagglomerator 

Discharge hoods 

Dispactches of cement 

by road and rail 

of clinker 

Displace air 

Dissimilar preheaters 

Diverters 

45 

10 

17 

9,90 

426 

45 

374 

84 

522 

463 

294 

84 

100 

381 

15 

222 

508 

123 

478 

46 

508 

117 

69 

207 

273 

223 

273 

93,305,321 

401 

344 

329,351 

361 

387 

144 

344,347 

Diverting valves 

Dividing damper 

113,454,456 

Division of combustion air 

Dolomite bricks 

402 

178 

508 



Index 33 

Double entry fans 525 Ducts and bends of different configurations 442 
handling of clinker 280 carrying hot air/ gases 412 
handling of slag 298 Duct geometry 139 
pass grate 138 Sizes and lengths 412 

Dowel pins 468 Supports 421 
Down comer ducts 421 with a bend 174 
Down time 157,158,233,315 with constrictions 174 
Draft for barges, ships 364 Ducting 418,524 
Drag chain conveyor 249,252,276 

inlets and outlets for fan 170 
Drain taps 458 

layout 110 
Drainage 7,283 

in circuit 110 
Drains and sewer routes 18 
Draught at kiln inlet 199 

DUDA 388 

Draught in the chimney 449 
Dust burdens in vent airs in various systems 398 

Drawings for drives 479 Dust burden 526 

Drawings of foundations 468 in gases 412 

Dresser couplings 456 Dust chamber 184 

Dried in a flash drier 305 Dust collector 89,90,133,220,337,393,398,526 

Dried in the sun of gypsum 295 concentration 165 

Dried slag 298,319 for cooler 220 

Drive arrangement for kiln 205 on the bin 361 

Drive motor 205 for venting 358,388 

Drives 202,245,317 of power plants 305 
for conveyors 68 Dust content 165,387 
for flap valves 252 in cleaned gases 265 

Drop tests 85 in preheater gases 165 
Dry fly ash 307 laden gases 412 

preheater kilns 193 loads in various exhaust and vent gases 526 
pulverized coal 302 nuisance 9, 113,279,307 
washable filters 524 

Dryer 300,302 E 

Drying 85 Emills 74 

and grinding system 298 Earth moving machinery 14 

chamber 85 Earthquake factors 144 

in coal mill 240 Edges of building floors and 495 

of slag 297 Effect of coal ash 222 

slag / fly ash 240 Effective capacity 71 

slag in small plants 303 Efficiency of 'preblending' 504 
wet fly ash 305 of the fluid bed 177 
while grinding 85 Elevators 96,115,133,336 

Ducts 411 Elavators for delivering cement 334 
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Elevators in mill system for closed circuiting 96 of bagged cement 370 

Elbow 232 of cement 16,370 
Electrical coupling of drives 240 of loose cement 372 

distribution scheme 15 Exporting clinker 367 
shop 15 Extension of pile 288 
short circuits 503 External circuit mills 74 

Electrostatic precipitator (esp) 89,265,502 circuit of v.r.mills 96 

Elliptical passages for cooling air 274 cooler 322 
Empty bags conveyor 339 Extraction and unloading facilities 374 
Empty ship at high tide 367 Extraction arrangements 333 
Emptying of hoppers and bins 498 at different levIes 333 
En mass conveyor 148 eqipment 283 

Endothermic process 173 from bottom 72 

Engine escape line 386 from silo 287 

Engineering and design offices 14 of fly ash 310 

Entry of coal 178 F 
of raw meal 178,181 

FAD (free air delivered) 454 
of raw Meal in to Kiln 199 

Fabricated working platforms 480 
of tertiary air 178 

Fabrication drawings of ductings 426 
Equipment available for housekeeping 530 

of chutes 409 
Equipment for loading 373 

ofductings 426 
Equipment to convey finished product 96 

Facilities at port 380 
Erection crane 209 

for collecting fly ash 308 
Erection of kiln 209 

for handling grinding media 100 
ERWpipes 454 

Facility for 'calibrating' 85 
ESP hoppers 307 

for drop test 284 
ESPs / bag filter 305 

Fan efficiency 166 
Estimation of vent air volumes 396 start on no load 167,424,524 

of weight of refractories 508 for statice grate 260 
Examples of developing general layouts 17 in venting system 391 
Excess air 183 laws 165 
Excess clinker 287 for cooling air 259 
Expansion 13,235 for new designs 263 

chambers 393 for preheater 165 
in two planes 423 in coal mill system 110 
joints 171,184,189,421,456 in lepol system 138 
of kiln 199 accumulation of dust in 524 

Explosion and rupture flaps 107 Feasibility of co-generation 531 
and implosions 495 Features of a rotary kiln 193 

Export clinker 361 of preheater towers 145 



Index 35 

Feed size critical for ball mills 48 Flexible chutes 408 

Feeder roads 14 connections 408 

Feeder under the bin 312 hose 309 

Feeder which meters 130 pipe 358 

and belt conveyors 58,62,283 Floating 202 

and conveyors in crushing 61 Floating tyres 206 

and weigh feeders 85 Floor openings 46,495 

'reciprocating' 52 Floor plans and loads 46 

vibro or belt type 283 Flow by impact (solids flow meter) 130 

Feeding empty bags 336 characteristics 400 

fly ash to cement mills 312 control gate 130,132 

rate of conveying 339 Flow of clinker 274 

Feeding to dryer 298 gases 45 

Fertilizers plants 291 gases and raw meal 174 

Fifty kgs bags jute / polythene 342 FLSrnidth 139 

Fighting fire 502 Fluctuations in demand 331 

overhead sprinkling system 502 Fluid bed 303 

Filtering and purifying air 527 bed design 177,181 

Filtering media 527 bed dryer 303,305 

Finalising process and machinery 9 bed separator 322 

Fine coal hopper 110,223 Fluidize fly ash 310 

Fineness 223 Fluidizing air 183 

Fire extinguishers 340,502 facilities 332 

Fire hazard 291,340 Flushing 48,54 

Firing fuel in calciner 181,227 of stone 48 

fuels in kilns 222 Fly ash 305 

First production line 10 dry fly ash 307 

Fixed and sliding supports 184,421,423 Folax cooler 246 

Fixed carbon 380 Forced draught chimneys 449 

Fixed support 421 Forced lubricated 209,460 

Fixtures 210 Fork lift truck 216,220,372 

FK pump systems 181 Forward and reverse flow coolers 242 

FKpumps 113,373,454 Foundation bolts and pockets 474 

Flame control 225 drawings 472 

Flanges 409 drawings and load data 472 

Flat bottoms 332 load data for a kiln 475 

Flattening curve 259 for kilns, mills, roller presses 472 

Fleet of bulk carriers 374 4/6 sectors central shaft 333 



36 Index 

Free air delivered 393,454 Gradient 382 

Friction loss 439 Gradient in yards 386 

Friction power 205 Grain size 400 

Fuel consumption l39 Granulated blast furnace slag 297 

to be fired 302 Granulometry of material 387 

suitable for firing 222 Grate cooler 219,246,482 

Full grouting 474 and preheater tower 154 

Full or partial width hoppers 251 cooler walls 507 
Full width roll crusher 256 Gravel bed filters 270 
Fuller 139 Gravel beds in two levels 270 
Future of bulk cement 376 Gravimetric feeder (weigh feeder) l30 

G Gravimetric feeding l31 

Gcooler 270,273 
systems 130 

installed at right angles 274 
Grill /chequered plate covers 495 

Gantries for pipe lines 456 
Grindability is reduced 315 

Gardens 16 
of clinker and slag 318 

Gas burners 225 Grit separators 74,92,483 

Gas conditioning tower (gct) 411,522 Ground separately 318 

Gas flows in proportions 180 wet 319 

Gas tight dampers 110 Grouping of silos 329 

Gases for drying after the cooler 319 of a number of vent points 388 

required to lift material 90 Grouting of bed plates 469 

Gates / dampers 83 Guards for V belts 496 

Gear & pinion 203,206 Gur-liners 295 

Gearbox 102,205,317 Gypsum 295 

drive motor 205 H 
mills & kilns 494 h.d.p.e bags 350,355 

Geometry of cyclone l39 Half grouting 469,474 
of duct 412 

Getting submerged under falling hot material-
Half rakes 347 

hazards of 495 Hammer crusher 48,58,397 

Girth gear 195 Hammer type clinker breaker 254 

Girth gear mounted on spring supports 202 Hand railings 81,495 

Glass bags 89,266 Handling facilities for maintenance 53 

wool 522 Handling grinding media 100 

Glue a number of rows - laying bricks 513 Handling in a crane gantry 276 

Good housekeeping 529 of bricks 220 

Grab bucket crane 366 of lining plates 100 

Grab cranes 361 refractory 513 

Grade of refractory 507 Hanging refractories 245 



Head room above storage silo 

under conveyor 

Header 

Heaps of spillage 

Heat available from exhaust gases 

Heat content of waste gases 

Heat exchange 

Heat exchanger and bag filter 

Heat for drying 

in gases used for drying 

Heat resisting casting with fins 

material 

slingers 

transfer in kiln 

Heavy foundation blocks 

Height of a chimney 

Height required under the kiln 

and widths of loading platforms 

between floors 

of trestles 

of elevators 

Helical or spur gear 

Hertz pressure 

121 
486 
527 

61 
87 

531 
139,233,273 

266 
300 

87 
232 

273,410 
524 
204 
473 
449 
273 
384 
478 
485 
334 
203 
207 

High efficiency separator 

High thermal loads 

Hoists and lifting tackles 

Hoods stationary 

74,96,321,325 

Hopper 

construction 

outlets 

split 

fine coal 

for clay and iron ore 

for clinker and slag 

for wet slag 

safety in 

layout of 

platform for 

Horizontal cyclones 

Horornills 

513 
490,491 

216 
39,51,79 

81 
82 
84 

110 
79 

318 
299 
498 
250 
483 
158 

48,74 

Index 37 

Hot air generator 320 
ductings 495,497 
fresh clinker 361 
gas from preheater 302 
gas generator 305,307 

Hot gases 307,411 
gases for drying 87,320 
load 507 
material 409,495,498 
primary air fan 219 

Housing kiln feed System 133 
HUMBOLDTS 139 
Hump back bend 417 
Hybrid grinding 320 
Hydraulic coupling 62 

drive grate cooler 245,274 
jacks 494 
and pushers 53 
thruster 197,200,209 

Hydraulically or pneumatically 

operated thrusters 253 
Hysil blocks 245 

I 
Immersion tubes 141 
Impact of jagged sharp edged stone 54 

Impact of margins on velocities in ducts 412 
Impactors 48,52 
impeller backward curved bladed 168 
Impeller supported on both sides 170 
Implosion 426 
Import of coal 380 
Inclined belts 69 
Inclined static grate 241 
Incoming power supply 6 
Inconsistency and fluctuations in quality 380 
Increase in size and capacity of grate cooler 237 
Increase in storage capacity 288 
Increasing number of stages 156 
Independent cooling air fans 259 
Indirect cooling G cooler 270 



38 Index 

Indirect metering 131 Kiln and cooler exhaust gases 531 

Individual drives for grates 240 bearings 209 

Induced and positive draught systems 412 bed plates 467 

Industrial vacuum cleaners 530 control panel 206,217 

Inert gas generator 109,503 dust collector 388 

Injecting CO 107 feed for lepol grate 137 
2 feed system Inlet seal 193,197 128,130 

Inlets of fans 261 hood 184,216 

Inspection doors 406 inlet housing 193 

Install the screen at right angles 60 piers 243 

Installation drawings 506 power 205 

of a crusher 220 rotary 193 

of Immersion tubes 144 rollers 494 

Insulate the casing 522 shell 193 

Insulated and lagged dust collectors 89,302 seals 197 

Insulating and lagging costs 523 L 
Insulating materials 522 

Labyrinth seal 199 
brick or blocks 507 
mats 429,522 

Lagging 523 

Insulation 522 Landscaping of quarries 7 

and lagging 411,429,522 Laser beams 209 

of conditioning tower 522 
Layout is a plan 11 

Integral part of a calciner system 178 
Laying and replacing bricks 513 

Interconnection of two storages 280 
Laying insulating bricks 513 

International frame sizes 479 
Layout 316,418,454 

International standards 479 
and capital costs 72 

Interstitial clays 7 
departmental 45 

Inverted cone 125 
for maintenance 253 

Isolated for measuring weight 408 
for planetary cooler 220 

Isolators for vibrations 170 
in thermal power plant 308 
of a roller press plus ball Mill 316 

J of an industrial plant 1 

Jacks for supporting the kiln 494 of burners platform 219 

jackshaft 62 of cement storage and packing 332 

jetty 367 of compressed air and water pipe lines 528 

Jumbo bags 372 of connecting duct 189 

jumbo loading machine 344 of cooler with respect to kiln 243 

Jute and h.d.p.e. bags 355 of crushing plants 48 

K 
ofducting 88 
of dust collector 265 

K Factors 442 of extraction equipment 283 
Kerbs of the hopper 52 of fans 263 
Kilns 135,193,472,493 of grate cooler 256 



layout 

of hoppers 

of limestone storage in small plants 

of loading belts 

of plant 

to house gas cylinders 

of ta duct 

with v.r. mills 

250 

71 

349 

506 

109 

184 

321 

Lean and dense phase systems 113 

Length / diameter ratio 92 

Length of duct 390,391,412,438 

Length of pipe lines 528 

Lengths of cooler compartment 241 

Lepol grate preheater 136 

Level indicators 82 

Life of conveyor 277 

Lift loss 438 

Lifting cranes 494 

Lifting of material 412 

Lifting tackles, cranes 46 

Lifts 46, 148, 490 

for buildings and silos 490 

in various buildings of cement plant 490 

Limit switches 202 

Limitations of crane gantry 276 

of planetary cooler 235 

Limiting angles of inclination for belt conveyors 69 

Line pressure 454 

Linear expansion or shrinkage 507 

Lined with castable refractory 409 

with rails 52 

with refractory 233 

with stainless steel 82 

with steel plates 52 

Linking of sections 10 

Load bearing capacities of soil 46, 144 

Load cell 361 

Load clinker in bulk in trucks and or in wagons 361 

Load data and foundation drawing 46 

Load power 205 

Loading belts 

Loading bulk carriers 

bulk wagons 

clinker in trucks 

platforms 

point 

rate 

station 

time 

Loads arising out of motion 

Loads on foundations 

Locate silos near buildings 

Location of bags godown 

of blowers 

of burner pipe 

of clinker breaker 

of coal mill 

of crushing plant 

of fuel firing system 

of grinding unit 

of kiln feed system 

of measuring points 

of safety devices 

of take off point 

Index 39 

343,349 

309 

357 

361 

15,384 

358,361 

362,374 

309 

367 

46 

472 

491 

340 

128 

217 

254 

110 

6 

300 

367 

128 

46 

107 

186 

of tertiary air duct and dust chamber 260 

of the grid substation 

of the outdoor substation 

of the plant and mines 

of plant in district, State 

of the well in the river bed 

of vent points 

of grid and company's substations 

Locations and magnitude of loads 
Locomotives 

Long riser duct 

Long straight lengths of inlet duct 

Long trailers 

6 

6 

18 

18 

19 

388 

18 

473 
347 

154 

261 

344 

Longest conveying or pumping distance 456 

Loose and bagged cement 342 

Loss in ducting 437,438 

Loss in weight 223 



40 Index 

Losses in ductings 

Loss by evaporation 

Louvre dumper 

Low calorific values 

Low migration velocities 

Low pressure drop cyclones 

Lubricating idlers 

Lubricating oils 

systems 

Lubrication of Bearings 

Luffing belt 

M 
M.S. pipes 

Machined surface 

Machinery in outline 

Magazine explosive 

Magnesite and chrome ore 

Magnetic separator 

Main and auxiliary beams 

Main columns of the building 

Main loading belt 

Main pumping station 

Main storage 

Maintenace in mill with external circuit 

Maintenance 

in mill with external circuit 

of a roller press 

of ball mills 

of vertical mills 

pla1form 

platforms around them 

requirements of rollers 

space 

Make up water 

Making of cement 

Making slag cement in a small plant 

Maneuverability of loading machines 

Manual loading 

437 

463 

166 

380 

265 

140 

460 
454,502 

461 

54 

351 

.410 

467,469 

45 

499 

508 

84,295 

46 

478 

346 

465 

225 

103 

13,487 

103 

105 

100 

102 

209 

262 

102 

283 

463 

1 

319 

347 

344 

Maps from geological department of the state 18 

Margins in selection of fans 263 

Mass flow 

Material conveyed pneumatically 

Material handling in cement plant 

Materials used for seals 

83 

454 

5 

199 

Maximum number of effective hours per year 342 

Maximum pressure drop in ducting 391 

Maximum pressure drop in the system 412 

Measure operational parameters 

Measure the output 

Measurement of cooling air 

of dust emission 

of torque 

Measuring quantity of cooling air 

Mechanical air flow regulator 

conveying systems 

conveyors 

separators 

Mechanised truck loading 

feeders for packing machines 

Mechanized wagon loading 

Metal detector 

Metering of coal 

of coal fired 

oil and gas 

system for coal 

systems 

Mild steel liners and channels / angle 

Mill bed plates 

Mill hoppers 

480 

284 

261 

451 

206 

260 

275 

320 

115 

92,325 

345 

370 

346 

84,295 

223 

223 

227 

181 

311 

233 

469 

77 

Mill house constructuion 100 

Mills and separators for grinding raw materials 74 

Mineral wool 522 

Mobile industrial vacuum cleaners 350 

Moisture 

range 

Monkey ladder 

Monorail and hoist 

Motor and gearbox for ball mills 

Mounting of girth gear 

Movement of kiln 

54,400 

380 

453,481 

494 

102 

202 

199 



Moving grate 

Multi channel burner 

Multi louvre damper 

Multipurpose gantry 

Multi vane radial dampers 

Multiclones 

Multiple grate coolers 

238 

183,223,225 

262,424 

456 

262 

265 

237 

Multiplying factors for venting pneumatic 

conveyors 392 

N 
Natural draught chimneys 449 

Natural gas 222 

Nature of raw materials processed 45 

Need for sampling 504 

Net work of beams 472 

Neutralizes axial thrusts 203 

New preheater tower for increased capacity 153 

Noduliser 137 

Noise barriers 7 

Noise pollution 9 

Non factory buildings 18 

Non smoking zone 340 

Nose ring casting 

Nose ring cooling fans 

Number and spacing of piles 

Number of auxiliaries 

o 

of blending silos 

of day's storage 

of discharge points 

of grates 

of preheater fans 

of stages 

of trestles 

of loading platforms 

Obtaining mining lease 

Off-Line calciners 

Offset cooler 

213 

213,524 

473 

315,320 

121 

294 

311,335 

241 

168 

48 

485 

15,18 

5 

175 

216 

Oil- furnace oil 

and gas burners 

as fuel 

lubrication 

Only roller press 

Open lubicating system 

Open pits as danger zone 

Index 41 

222 

225 

174 

460 

320 

461 

495 

Operation of a continuous blending system 125 

of batch blending 119 

Operational efficiencies 135, 138 

Opposed piston compressor 454 

Options for ball mills 74 

for vertical mills 74 

Orientation of hoppers 79 

Orientations of power line, road, rail link 18 

Orifices 424 

Other uses of waste heat " I 531 

OTTO LABAHN 388 

Outlet seal in kiln 195 

Outlines of buildings 18 

Oval link chains 254 

Ovality 193, 208 

Over flowing of clinker 280 

Over head, underground cables 

Over head crane 

15 

72 

Over land conveyors 64,486 

Overall dimensions of building and floor levels 479 

Overhead tank for recirculation 463 

Overhung impeller 170 

Oversize lumps 

Own loading facilities for clinker 

p 

Packing and dispatches 

220,254 

367 

529 

Packing machines 15,113,332,335,342,350 

two loading points 339 

Pallets and containers 

Pan conveyor 

Pan feeders 

Panel spalling 

371 

284 

291 

507 



42 Index 

Paper bags 342,370 Platfonn 

Paper shredding machines 530 for belt conveyors 481 
Parameters for velocities in ducts 91 for esps and bag filters 483 
Parking and garages in plant 14 for grit separators 483 

Parking places 14 for hoppers 483 

Pendulum cooler 274 for loading wagons 346 
Pendulum flaps 144,250,406 Plots of land according to ownership 18 

flap operation 251 Plough feeder 295 
flaps in chutes 406 Pneumatic conveying 113,311 
Flaps under hoppers 251 conveying of coal 223 
flaps for motors 252 conveying systems 392 

Percentage filling kilns 203 unloading of wagons 357 
Percentage of fines 92,249 Pneumatically operated pendulum flaps 251 
Periclase 508 Pockets for foundation bolts 46,474 
Peripheral speeds - kilns 205 Point loads 472 
Penneability 507 Point of discharge into crusher 52 
Pennissible heat load - burning zone 513 Points of application of loads 472 
Piezzometer rings 261 Pollution 9,235 
Pile foundations 473 Pollution control boards 449 
Pile height 294 Pollution control nonns 265 
Pinion and shaft 195 Pollution free environment 9 
Pinion shaft and bearings 202 Pollution problem 308 
Pipelines for compressed air 454 Polyester fabric 62,89 
Pipe Lines for main water supply 465 Polysius 139,145 

lines for oil and cooling water 461 Portable belt bucket conveyors 366 
Pipes I chutes for clinker dust 410 

Portable belt conveyors 220 
Pivoted pan conveyer for cooler 274 

Positioning of wagons 381 
Planetary cooler 193,220,231 

Positive displacement blowers 527 
coolers and small kiln 235 

Power for slag cement mill 318 
tube design and last support 233 

Pozzolana portland cement 305 
Planned storage for excess clinker 284 

Pre blending facilities 291 
Plant layout 528 

Preblend limestone (also coal) 69 
Plants on coast 16 

Preblending with stocker reclaimer system 69 
Platfonn for gas conditioning tower 483 

Precautions of coal against fire 295 
for grate cooler 482 

Precrusher for cement mills 320 
for inspection doors 482 

Prefeeder in kiln feed system 130 
Platfonn 

Pre grind clinker 322 
around kiln piers 482 
at suitable levels 453 Pregrinding in vertical mill 322 

for apron feeder 481 Preheat air for combustion 231 



Preheater 

cyclones 

fan 

tower 

136 

139,480,508 

in long dry kilns 

in wet kilns 

Preliminary drawing 

layouts 

work on developing layouts 

Preparation of drawings - time factor 

Pressed cake at edges 

148,524 

144 

136 

136 

46 

5,45 

17 

46 

320 

Pressure drop 

drop across cyclones 

139,417,442,524 

166 

drop in a duct 

drop in bag filter 

drop in system 

Pressure release flaps 

Pressurisation of compressor house 

Prevent arching 

Prevent condensation by insulation 

Primary air 

air fan 

air for kiln 

Problems with lepol grate 

Procedure for design of duct systems 

Process control and computerisation 

Process gases 

Product conveyor 

Profiled cams 

Properties and application of refractories 

of refractories 

of insulating materials 

Proportioning of raw materials 

Proportions of loose and bagged cement 

of road and rail dispatches 

of secondary and tertiary air 

of types of cement produced 

Protocol for safety 

Provision for skewing of rollers 

Provision of utilities 

Provisions in preheater towers 

412 

391 

389 

122 

117 

299,400 

522 

183 

218,411 

240 

138 

413 

9 

388,411 

250 

252 

508 

507 

523 

125 

342 

342 

183 

342 

499 

209 

45 

148 

Index 43 

Q 
Quadrant and continuous blending 126 

Quality of ambient air 

Quality of indian coals 

Quantities of coal 

of refractories 

to be handled 

Quantity to be stored 

Quantum of fines 

Quantum of leakage air 

Quarry development plan 

operations 

safety in 

R 
Radial vane damper 

Radiation 

266 

380 

5 

491 

291 

338 

249 

183 

19 

495 

498 

424 

204,522 

Radiation losses 

Radii of bends 

135,184,245,507,513 

Radius of curves 

Radius required by the dumper 

Railway lines 

417,506 

386 

49 

386 

Railway locomotive 15 

Railway siding 6, 15,18,349,382 

Railway siding for loading wagons 353 

Railways expertise 

Railways RD.S.O. lucknow 

Rakes for loading 

Rake length in metres 

Rake load 

Rake loads per month 

Ramp 

and abutments 

with 3 lanes width 

Rate of discharge 

Rate of filling 

Ratio of reduction 

Raw material grinding systems 

Raw meal 

coal and cement 

transport of 

384 

349 

381 

386 

291,298,349,381 

291 

49 

18 

49 

273 

387 

48 

74 

454 

113,387 

115 



44 Index 

Raw meal Relative locations of mines and factory 5 
pipes 144,406,409,481,507 Remote and group starting of motors 499 
feed to calciner 181 Removal of chokes 456 

Raw mills 90 Remove water and oil 458 

Raw mix - automatic samplers 504 Replaceable lines 403 

composition 74,85,125 Requirement of drying 86 

Feed to kiln 130 of compressed air 454 

Rawlplugs 474 of cooling water 463 

Ready mix concrete 376 of layout 524 

Ready mix concrete faclities 376 Requisites of kiln feed system 130 

Ready reckoner tables 508 Reserves of coal 380 

Re-alignment of belts 384 Resistance to chemical attack 507 

Reciprocating cross bars 275 to high temperature 507 

feeder 54,291 to spalling 507 

frame 274 Retaining rings 213,513 

grate cooler 238,273 wall 279 

Recirculation of coarse material 92 Retention time 173,203 

Receiving wet slag 298 
Retrofitting of fans 168 

Recommendations for compressors 527 
of separators 96 

Recuperation of heat 238 
Return of clinker dust 190 
Returnable containers 375 

Recupol cooler 273 
Reverse jets in bag filters 270 

Red hot centers of lumps 254 
Reversible belt conveyor 280 

Redler chain conveyors 489 
Rice husk 182 

Reduce radiation losses 513 
Riding rings 206 

Reduction ratios 48 
Ring ball mills 74 

Refractories 15,135,220,245,507,513 
Ring lubrication 460 

Refractory 472 Ring silo 333 
grades 507 Riser duct 174,197 
testing of 507 Riverbed 465 
for roof 513 Roads 14 
in calciner 513 from quarries 19 
in vertical walls 513 Rock wool 523 
lined 195 Rod gates 71,83,283 
lined connecting duct 185 Roll crusher 256 
lining 184,411,429 Roll press 494 
lining of cyclones 144 press and ball mill 77,320 
shapes 508 press in open circuit 320 

Regulate flow 424 Rollers 193 
Regulation of feed 61 Rollers can be swung out 102,493 
Reinforced suspension calciner 181 Roller bearings 493 



Index 45 

Roller chain and sprockets 245 Schedule of production 328 
Roller mills 74 Scrapers 54 

station 206 Screening spilled cement 350 
width 202 Screens in packing plant 336 

Root cause of spillage 529 rotary 336 
Roots blowers 121,454,527 Screw and chain conveyors 489 
Ropeway 64,500 compressors 527 
Rotary compressor 454 conveyor 336 

cooler 231 Feeders 132 
dryer 231,299,300 jacks 513 
kiln 193 pumps 113,225 
valves 333 Seals 251 
vane feeder 130 Seal at discharge end 199 

Rotating machinery 496 Seamless steel pipes 454 
Rotors of hammer and impact crushers 388 Second stream of preheater 158 
Round cylindrical hopper with a cone 79 Secondary air 178,240 
Routes of cables 15 Secondary firing 174 
Routing of the pipeline 458 Security department 14 
RSP calciner 154,177 Seismic zone 5 
Running hours 66 Selecting belts - belt capacities 68 
Rupturable foils 501 Selection of belts 54 

S 
of fans 263 
of packing machines 342 

Safe ways of working 495 
Self closing valve 336 

Safety - from fire hazard 340 
spring-loaded explosions doors 501 

against explosions 501 
Self contained twin heating and pumping units 225 

aspects 107 
Self unloading bulk carriers 307 

device for feeders 61 Self-unloading tipping trucks 298 
devices 107,495,501 Separate bin for loading clinker 361 
in quarries 498 building for hoppers for mills 81 
measures 495,503 dryers 86 
measures in buildings and structures 495 drying chamber 298 
of personnel entering machines 499 dust collector for venting 388 
of plant and personnel 495 grinding of fly ash 313 
valve settings 528 layout for pipe lines 461 

Sample preparation 506 terminal for bulk despatches 358 
pneumatically conveyed 504 Separators 74,92,315,325 

Samplers and sampling station 504 Sepax 93 
Sand filled buckets 502 Serrated belt 349 
Scattered storages in cement plant 276 Service buildings 14 



46 Index 

Settling chamber 305 Single stage crushing 48 

Seven days production 328 Single stream preheaters 144 
Sewers and drains 16 Site conditions for developing layout 43 
Shaft cooler 273 Six hundred mm flat belt 343 
Shaft kiln 273 Size and shape of hoppers 51 
Shafts and rotors of crushers 494 Size of bales 339 
Shale 7 of silo for fly ash 311 

• 
Shape of hoppers 79 of the buffer 331 

of opening of the hopper, bin, cyclone 400 Sizing ducting 91 
Shape of plot available 10 of chutes 400 

Share of market 331 of preheater fan 165 
Shell thickness 193 of tertiary air duct 184 
Shell under tyre 208 the godown 339 
Shift clinker heaps 283 Skewed rollers of kiln 202 
Shifting of clinker 283 Skirt board rubbers and scrapers 54 
Ship's hold 373 Skirt boards 406 

Shoes 206,208,209 Slag and fly ash 11 
Short belt under the crusher 61 Slag cement 298,329 
Short flame 225 pulvarised coal for 302 
Short nozzles 181 dryer 299,302,303 
Short pan conveyors 283 Slant conveyor 336 
Shortages of coal 380 Sliding plate dampers 83 
Shovel or pay loaders 361 Sliding support 421 
Shredded tyres as fuel 182 Slip ring induction motor 167 
Shrink proof cement 471,474 Slope and speed 203 
Shrink wrapping 372 of kiln 204 
Shunting 381 of the ramp 51 
Sieve analysis of dust 388 Slopes 411 
Signals to the weigh feeders 505 of chutes 478 
Silo on stilts 311 of ducts 88 
Silos 332 of side 79 

near buidings 491 of tapering section 401 
and dispatches 329 Sloping ground 243 
of same diameter 329 sides of pyramids 82 

Simple volumetric ~ystems 130 Slots at various levels 279 
Simultaneous loading of cement 333 Small motorized screws 505 
Single / double pendulum flaps 409 Small plant layout of 17 
Single / dual drive 203 Small roller station 233 
Single line sketches of elevations 13 Smothering and extinguishing fires 107 
Single or double entry 170 Solids flow meter 311 



Sources of hot gas for drying coal 

Source of leakages of hot gases 

302 

498 
Sp_ gas volume 165 

Sp_ gas volumes for different fuel consumptions 165 

Spacing between the tracks 

Spacing of tyres 

Special self-unloading wagons 

Specialised lifting tackles 

382 

193 

357 

493 
Specially designed structures for duct supports 419 

Specific conditions of gas flow 412 
consumption of refractory 

duties of fans 

fuel consumption 

norms pertaining to fire hazards 

515 

524 

135,156 

6 

output of a cooler 241 

time for loading wagons 381 

Specifications of lubricating system 461 

Spillage 253, 343, 350, 500 
and dust nuisance 346 

at calciner 

at kiln inlet from seal 

conveyor 

drag chain 

drag chain conveying system 

409 

410 

253 
190 

275 
from the apron I reciprocating feeder 54 

in conventional grate coolers 249 

in new designs 

in off line calciner 

Spinell bonded brick 

Spiral chutes 

Split locations 

Split tyres 

Splitting of belt 

Spouted bed designs 

Spray water over coal piles 

Spreader jack 

Spring loaded graphite seal 

loaded thrusters 

Stability of brick 

253 
176 

508 

349 

16,361 
206 

71 
181 

503 

513 

199 
197 

193 

Index 47 

Stacker reclaimer systems 64,66,291,380 
Stainless steel liners for hoppers, bins 295 
Staircases 46 

in preheater tower 

and landings 

Standard trucks 

Standby 

conveyor 

or bypass 

Static grate 

grate cooler 

grates KIDS I 

Static pressure 

149 
481--

344 

320,373 

277 

133 
135,260,265 

241 

237 

165,262,412,426,524 

pressure of fans 168, 262 

Statically and dynamically balanced impeller 524 

Stationary grate 

spouts 

Statutory tests 

Stepless and smooth speed variation 

Stepped liner for more surface 

Stirrer in hopper 

Stockpiles 

Stockpile crushed coal 

Stocks to be maintained 

238 

343 

506 

168 
233 

84 

380 
291 

299 

Storage and extraction of correcting material 72 

capacities 329,330 
in crane gantry 

of inflammable materials 

of oil 

of pulverized coal 

276 
502 

5 

223 
of under burnt clinker 283 
shed for gypsum 295 
silo 113,119,121,307,357 

silo is a buffer 331 

Storages 5, 11,64,276,280 
Stroage in small plants for limestone 

Store blending materials 

71 
5. 

Store cements of different grades I types 333 

Stores in general 15,502 



48 Index 

Storing cement 328 Thermal and mechanical stresses 193 

clinker in silos 287 conductivity 507,523 

facilities for clinker 279 power station 5,308,463 

gypsum 289 stresses 208 

refractory 513 Thermic fluids- cogeneration 531 

Straight line layout 10 Thickness of bed of clinker 262 

Stress relieving of bed plates 469 Thicknesses of refractory 508 

Stroke of grate cooler 238 Three support rotary klin 475 

Structure to support burner pipe 217 Throat area of cooler 245 

Structure used to support belt 485 Throttle 198,424 

Stub columns in clinker storage 487 Throw off carriage 71 

Sulphur 380 Thrust rollers 200 

Supplementary storage 284 Tides and coast line 364 

Suppliers of machinery 9,90,461 Time office 14 

Support - duct 419 Toboggans 349 

Support- fixed and sliding supports for ducts 421 Tolerance for weight ± 0.5 kg 343 
Support for chutes 406 Tonnages of slag to be handled 298 
support for large ducts 420 Top cyclones and ducting in preheater 151 
Supporting columns 487 Torsion shaft 195,202,206 

drawings 18 Totally cut off damper 424 
roller bearings 193 Trajectory of flow 403 
rollers 199,206,497 Transfer points 401 
stations 469 Transport clinker 297 

Swirl ca1ciner 181 dried slag 297 
Synthetic gypsum 291 Traveling boom cranes 209 
System gases 387,394,411 chain 273 

pressure drop 270 crane 494 
to spray water 295 grate cooler 273 
of automation 355 grate preheater 237 

T Trestles and gantries 486 

TA duct 184 Triangular stock piles 64 

Takingup of civil design 478 Trough 249 

Tare 309 Truck and wagon loading 358 

Telescopic chutes 83,407 and wagon loading automation 355 

Temperature of clinker at discharge 259 loading facilities 351 

of vent air under upset condition 265 loading machines 351 

Tensioning devices 54 Truck 

Tertiary air 178,183 loading, manual or mechanized 344 

air duct and dust chamber 260 loads 72,291,380 

Testing cement 506 mounted 'ready mix' vessel 376 

Testing of refractory 507 unloaders 298 



Index 49 

Tubes 233 Unloaded pneumatically 357 

Tunnels under the cooler 253 bulk carriers 310 

Turn down ratio 225 dumpers 499 

Twin boom or swing boom stacker 69 ships and barges 366 

screw feeders 223 Untouched by hand 505 

stream preheaters 144 Upset condition of kiln 249 

Two burners for calciner 182 Using air lift 116 

Two stage crushing 48,58 Utilising cooling air 240 

Two stream preheater 144 V 
Two way roads 14 

V - belts 495,496 
Two width cooler 242 

V. r. mills maintenance of 493 
Two-way traffic trucks 361 

Vacuum cleaners 530 
Types and angles of bends 417 

Valley angles of hoppers 79 
of cement 328 

Vanes inducts 417 
of pneumatic conveying systems 454 

Variable frequency ac motor 167 
of storage for coal and gypsum 291 slip ac motor 167 

Typical air loadings 262 speed drives 167,240,524 
ducting 418 for fans 166 
fixed and sliding supports 421 Variation of rate of feed to kilns 131 
layout of a cooler 246 Various stages in production of cement 9 
layout of cooling air fans 260 Va stu 19 
railway sidings 381 VDZ and ISO shapes 508 
scheme for co-generation 531 Velocities at inlet and outlet of preheater cyclones 
static pressures of fans 263 140 

Tyres 206,207 at outlet 140 
Tyres mounted on shell 193 in ducts 91,389,412 

U 
Velocity 412 

head 412,431 
U bends 458 

in ta duct 184 
U turns 351 

of gases in a ca1ciner 174 
Under burnt clinker 283 

pressure 431 
Underground cables 15 

pressure for different velocities 432 
water 7 

Vent air 388 
water table 5,283 

temperatures in coolers 265,388 
Under positive pressure 412 collection points 392 
Under grate compartments of grate cooler 240 gases 387 
Uniform quality at a steady rate 222 gases leave cooler 531 
Uniform quality of coal fired 222 volumes 337,387 

Unload wagons 291 Vented and lighted tunnels under coolers 253 



50 Index 

Venting 133,358,387 

407 

91 

of chutes 

of auxiliaries 

of blending and storage silos 122 

of excess cooling air 265 

of packing machine and auxiliaries 337 

pipe flexible connections 309 

through chutes 407 

through separator dust collector 388 

of cooler under upset condition 265 

in crushing plant 62 

Ventury 225 

meter 414 

Vertical mill 74,90,317 

pregrinding in 322 

Vertical roller mills 48, 74, 315 

Vertical thrust loads 472 

Vibrating screens 336 

Vibrations of preheater fan 170 

gypsum hopper 318 

Vibrators 295,318 

Video monitoring of flame 190 

Visibility of flame 190 

Volatiles in coals 380 

Volume of the bin for venting 387 

Volumetric 131 
feeder (screw) 130 

Feeding 131 

w 
Wagons 

loaders 

loading machines 

tippler 

un-loaders 

rake loads 

Walk ways or gantries 

6,298,338,348 

346 

15,384 

291,298 

357,375 

381 

485 

Walkways crossing conveyors/screws etc 

Waste fuel 

498 

182 

531 

460 

Waste heat in cement plants 

water cooled 

Water supply for cooling 

Water supply system for total plant 

Water treatment 

Water treatment plants 

Waterproofing of the walls of silo 

Wear back bends 

Wear in chutes 

plate 

Wear resistant liners 

Weathered in storage 

Weigh bridge 

feeder - pre-feeder system 

feeders 

Weight of material 

Weights and their distribution 

Weights being raised 

or with electronic load cells 

Wet fly ash 

slag and crushed coal 

What is housekeeping 

Width of clinker breaker 

Width of cooler 

of gear 

Wind directions and velocities 

Wind loads 

Wind rose 

Wire netting 

Wooden or metal centers 

Working platform for machines 

Working space 

Workshops 

x 
X-ray Analyzer 

y 

'y' Pieces 

z 
'Zero' flow 

Zero zero levels 

7,465 

463 

465 

7 

491 

456 

403 

403 

524 

279 

309,358,361 

223 

61,85 

472 

46 

496 

336 

305 

303 

529 

254 

241 

203 

5 

144 

9 

522 

513 

480 

480 

15 

505,506 

402 

424 

47 
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SECTION - 7 

A G 
After sales service 57 G.A. and cross sectional dimensioned drawings 9 

Assessment and evaluation 56 General covering letter 5 

Attributing weightages 56 General conditions 9 

B 
Guarantees and warrantees 4,59 

Guidelines for selection 2 
Battery limits 8 

Bought outs 3 I 

Buying from one source 3 Indigenous or Imported Machinery 

ISO Certification 
C 

2 

Commercial aspects 4,6 L 

evaluation 56 Level playing field conditions 56 

Consultants organisation 62 Licensees 

Critical operational and design parameters 59 List of TDS's enclosed 17 

D M 

Duty requirements 3,8 Margins for working out capacities 7 

calciners 9 0 
preheater 10 

Organisation for buying 62 
rotary kiln 11 
grate cooler & esp 12 P 
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