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PPEF,\(;E 

by 

Paul-Marc Henry 
President of the OECD Development Centre 

Nicolas Jequier has approached the problem of appropriate tech

nology with a much needed ·thoroughness and clarity. In 197�, at long 

last, appropriate technology has come of age. ThP. need is now felt 

by many developing conntries for a basic reappraisal of the type of 

technology which responds best to their requirements. High cost tech

nology can be highly productive, it often provides the ::.elutions to 

a bas�c problem of development of natural resources taking into 

account market and time constraints. 
But it is in fact the direct product of advanced industrial 

societies which had to �perate in a competitive world in time of war 

and in time of peace. From t�e point of view of defe�ce as well as of 

economic survival, the most industrialised coun·cries in the world 
could not afford to remain behind in the race for pm1er and survival. 

This means that t�e developing countries of today are faced with a 

well integrated and complex system of production and trade which is 
essentially related to �tructures belonging to the temperate zone and 

representing a certain combinatio� of accumulated knowledge, innova

tive capacity and skilled manpower. 

It has been taken for granted, until very recently, that this 
fOrmidable system cOuld be 'extended to the whole planet and_ serve the 

needs of the billions of people now living in-thi tro�ical and equa

torial-zones. On the face of evidence, it is ·now ·clear that this 

indu�t:i-ial system h�s ·to be -re-examined
-

a�d adapted :�..n order ·to tak·e· 

�nto account the basically low income of the developing countries, 

their fast growing population, their vast needs for essential produc

tions such as food, shelter and -health • . This should be done within a 

relatively short period of time, if we want to avoid a fundamental 
imbalance between.human populations and their capacity to survive 

. th�ough deVelopment. of -the if-
. 

natUral re·sources. 
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Mr. Jequier points out that "the appropriate technology movement 

(the term movement is used here for want of another more adequate 

descriptio�l) can -�robably be viewed as a cultural revolution". 

I agree w�;n him. Not only it means a revolution f�r the people 

directly concerned in the developing countries which have to adapt 

"the imported tectmology under very unequal terms of negotiations", 

Out even more for the people of the more advanced countries who feel 

that their own quality of life is in danger by what many call 11 aggres

sive11 technology, aggressive by its scale, by its demand on human 

energy and by the stress it imposes on the whole fabric of society. 

At the same time, this technolcgy is serving well the hunger for 

consumer goods, characteristic of an over-consuming society. 

This is why this cultural revolution concerns the world as a 

whole. The problem of adaptation of technology is n"'t only a techni

cal problem, it is also a political one. The present debate goes in 

dep"':P and has a direct bearing on the future of economic, political 

and cul-cura1 relations between the most industrialised countries of 

the Northern temperate zone and the less industrialised in the -tr'1pi

cal and equatorial zones. 

Hr. Jequier';:; presentation should be placed in the perspective 

of the long term work undertaken by the Development Cer.tre of OECD 

when the first Seminar on Transfer of Technology was held in Paris 

in November 1972 (Choice and Adaptation of Technology in Developing 

Countries). One can see from the galaxy of contributors to the 

present publication that many distinguished economists, technologists 

and industrialists and develonment administrators from many countries 

are alreajy engaged in the new quest. 

I am happy that the Development Centre could help this important 

endeavour. 
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INTRODUCTION 

by 

Mikoto Usui 

Head of the Technology and Industrialisation Programme 

OECD Development Centre 

Low-cost technology. intermediate tecl'>.nology, self-help tech

nology, progressive technology, correct technology� approprie.te tech

nology - differences in their nuances apart, much has already been 

said about these concepts and the kind of princinles which are gener

ally understood to underly them. The movement to keep these princi

ples alive in various parts of the world and in countries at differ

ent levels of development has been s-preading raoidly, .:!_f still in a 
fragmentary way • .  4n increasing number of fora on development issues 

have come to dwell on the question o:f "nrogress from within society" 

and its technological implications. More ar.1 more journals and bulle

tins have come to spare a space for practitioners in appropriate 

te�lmology, their new missions and visions. 

In face of this emerging trend in the development scenery, there 

is still a certain degree of ambiv�lence as to the nature of policy 

actions which are required at this stage on the part of both the 

national authorities of developing conntries and the bilateral and 

multilateral aid-giving agencies. Indeed, there is a growing number 

of analytical studies conducted from the point of view of choice of 

technology - an important phase of the innovation process: they invite 

our attention to the existence of a hierarchy of alternative technol

ogies, either on the shelf or as agenda for adaptive development 

-possibilities. However, still relatively poorly explored are the ways 

and means of fostering innovative minds throughout local societies, 

and eepecially in the context of rural development. 

Orientation of this book 

This book, Aopropriate Technology: Problems and Promises, is an 

attempt to improve our understanding of the structural problems 
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facing the ap�ropriata technology movement from the standpoint of a 

national innovation policy. The phrase, Problems and Promises, hints 

at the general scope of the writings collected in this book. It 

covers the vast grey area which lies Oeb:·- -m a) the generalities 

debated often with an ideological trait, which point to certain dif

ficult 11problems" in adopting def'ini tive, extensive policy actions, 
on the one hand, and b) the anecdotal specifics of micro-level field 

missions, which corrohorate "promises" and crave for morB determined 

policy supports, on the other. 

The reader will see that the state-of-the-arts review presented 

here refers to the various forms of' technical innovation projects 

and institutions linked for the most part to the people in rural 

areas. The main thrust of this exercjse is not an inventory-taking 

of on-going relevant activities in the world, nor an appraisal of 

the internal technical problems of individual innovation pro,jects. 
Rather, this is an attempt to reflect upon the problematiaue of the 
underlying socio-economic mechanisms and policy environment which 
looms up agains� the spread of practitioners' actual pr�occupations. 

Origin of this book 

Procedurally, the origin of this book was the meeting of prac

titioners in low-cost technology organised on 17th-20th September 
1974 by the OECD Development Centre. The interim report of this 
meeting, issued earlier, included only partial proceedings and a 
preliminary synthesis of discussions(l). The Centre has since con

tinued it� communications with various circles of practitioners and 

researchers in order to shar?en and broaden the synthesis section 

of the earlier report. Many participants have kindly provided us with 

their contributions gnew, rewriting their earlier papers and taking into 
account the new questions raised at the meeting. This book has thus 
been evolved on the whole as a joint project wJ.th these many collebor

ators - a strategy which one would consider the most reasonable in 
view of the very participatory character of appropriate technology. 

Being a collaborative project need not imply forcing hetero

geneous part5.cularities into common logics and rhetorics. In Part 

Two - The P�actitioners' Point of View - the treatment of different 

themes, experiences and propositions are ascribed to individual 

write.rs. Not all of the articles in this part may be consid.o;red as 
policy-oriented, but they altogether constitute a set of important 

underpinnings on which our overall policy discussion is to be st��c

tured. 

1) 
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Sin1'e these elements o� Part Two have been gathered on an ad hoc, 
voluntary basis, they still leave a substantial degree of freedom as 
to ways in which the various threads of thought on "problems and 
promises" could be fitted together in a coherent perspecth�e of po:!.icy 
study. This latter task is pursued in Part One - The Ha.jor Policy 
�- In a way, this part serves as a synthesis of the discussion 
held at �he September 1974 meeting, as well as a review of the Part 
Two material. But essentially this may well be taken as an addi tiona! 

11think-piece 11, c:::nceived and developed within the framework of -,�he 
Development Centre's study programme. Naturally, it is not �ree from 
the private views of the par"..:icular author, f':icolas Jeqai�:r, who has 
been charged with the responsibility for editing the entire book(l). 

Major questions addressed 

Without pretending to recapitulate the complex substance of this 
reDort, let me stress s0me of the questions tn uhich the varin11s 
authors of this book Wel�e in vi ted to respond in one way or another. 
The 1974 meeting on low-cost technology was prompted by our earlier 
inquiry into the mechanisms of technology transfer for small-scale 
industries in developing c0untries. A number of questions had e\rolved 
out of that inquiry{2) that needed a closer exami�ation in the li5ht 
o£ practitioners' experiences. In the cour�e of the meeting, the list 
of specific questi0ns becam� further diversified, rather than simpli
fied, partly because there were many different ways of looking at 
certain general issues and partly because the meaning of the term 
11policy" varj.ed, depending on the level of decisJ.on oroblems corres
ponding to each discussant�s daily preoccupations. 

Leaving aside rhetorical variations, and in an attempt to make 
some bold outlines of the themes of this book, let me just select 
several basic questions which seew particularly important from the 
standpoint of general strategy for development co-operation. 

First, in relation to proble�s of rural industrialisation, 
- How has the low-cost technology movement stimulated the 

participation of local metal-works, repair shops fer farm 
equipment and implements and other local industrial or semi
industrial operators? 

1 )  A�- is the case with most worl.: by the Development Centre, the 
uarticular nosition taken in th�s book is that of the author 
ffiid should flat necessarilv ·be regardeC. as renresentin�< t�J.e 
official position of the OECD. 

2) See the OECD Develoomer. � 
Industries, Paris, 1975; 
IDJ' Review of Discussions 

Centre, Transfer of Technology for Small 
see �specially the concluding oart of 

in Part I .  
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- To what extent, and in what forms , should there be an 

"insulation11 policy to protect the small-scale decentralised 

industq.a.lisa-cion base from any competitive pressure emanating 

from large-scale technology products? 

I:n relatiou to the nature o:f science and technology policv in the 

context of rural development: 

- How does the attribute of low-cost technology (i .e, ••continu

ity from indigenous technology") t-�ermit a progressive linkage 

to formal educational systems and scientific disciplines? 

- wnat is the role of universities in the low-cost technology 

movement? How is it e>.ffecting the local Uiliversity curricula 

as well as primary and secondary school curricula? 

In relation to the basic options in innovation policy design ( general 

versus specific policy instruments): 

- How far have the demonstration effects of specific mic�o

C.evelopment projects become ·tisible? Do we know enough about 

the threshold scale for micro-pro,ie.;t assistance belm.1 which 

success would become problematic? 

From the standpoint of for_eir:;E aid strategy: 

- To what extent , .md in what special way s ,  car. "the assistance 

from foreign sources play a cru�ial role in stimulating the 

local self-hel;> effort? 

- What sorts of information services prove particularly helpful 

to guide the search , choice and application phases of low-cost 

innovations in developing society? 

Outstanding issues inviting further study 

Framed in such conceptual �erms, the questions stated above do 

not expect a straightforward, monochromati c  answer . But the reader 

will find in the contributions collected in this volume vsrious prac

tical ways of interpreting the meaning of these questinns and the 

gravity of opinions regarding the desired solutions. Nicolas Jequier's 

wr.:tting in Pa!"t One offers a fairly detailed, but reasonably compre

hensive trea·;:ment of these questions. 

Admittedly , this book is not as much advanced yet in regard to 

the ane�ysis of a complete arsenal of policy measures and instruments 

that are relevant for stimulating and directing an indig�nous innova

tion process in developing societies, as in regard to the analysis of 

basic strategic issues and po1.1cy options. A more systematic analysis 

of concrete policy instruments and techniques o1 deploying them would 

be an important task envisaged for the future. This is not the place 

for drawing up a d�tailed prescription �or such a task. But in con

cluding this Introduction, let me mention a few messages emergin� 
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from this bock that I consider part�� �rly worth stressing. 

Firstly, there is a conSiderable scope for more active govern

mental support. l\rtlat is important at thj s moment is perhaps not sn 

much the perfectionist preoccupation ccn::ern.::..ng the real benefits 

and costs of individual micro-projects s r ·r to help cross the 

threshold of change towards a new socir.oj_ .citude or a new prestige 

concept commensurable to the animatioL o� ucal innovative minds. 

The current appropriate technology moveme1d �-. are auparently still a 

long way :rom the threshold. A quantum _jun in aid resource inputs 

woulo be desirable. 

Secondly, great care should be e.�ar ._ j_sed in designing direct 

governmental interventions. Important in an initial phase would be 

an appropriate mix of 11specific'' -;,Jr>')JL.·.tion policies for local small

scale in•_tiative-taking on the one hand and of a certain "toleration" 

policy aimed at the evolution of' a cc.mpetitive trial-and-error pro

�ess, on the other. 

Thirdly, ther� should be a clear discr�minatory policy to obviate 

�remature competjtion with the larger-scale modern-technology ventures 

fostered under the earlier import substitution strategy. 3ut there 

is a burder.some regulatory task which calls for extensive R and D 

and elaboration of appropriate staL�dards geared to the industrial 

and semi-industrial undertakings being f0stered to cater for the 

needs of rural villages ��d towns. And such a taEk should be set in 

a dynamic perspective, its primary mission bejn['" to facilitate, and 

not to stifle. gradual, positive iutera�tions between local self-help 

efforts and the scientific and technological resources from the modern 

sector. 

And finally, reverting to the f�rst point above, further inno

vative arrangements seem to be needed as t� the channelling of 2ny 

quantum jump in aid resources to spur local innovation projects. To 

package such resources into lar!_!:e (integrated) rural development 

projects is apparently an expedient. But the innovation policy, or 

at least aspects of it which concern a broad social process as such, 

ought to be stretched beyond the demonstration-<"riented greenhouse 

projects. Especially for multilateral aid authorities, an outstanding 

challenge is how to respond to the needs of informal, individually 

small-sized, and mostly risky ventures emerging in a large number. 
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Chapter l 

TaE ORIGINS AND M"lANING OF APPROPRIATE TECHNOLOGY 

A growing number of de-velopm.ent experts and national policy

maker� are beginning to question the wisdoiD of massive technology 

transfers from the industrialised countries to the developing nations. 

The large-3ca_,_H capital-intensive technologies developed in Europe, 

North America or �iapan may well be very efficient, but their in":ro

ductior: intc� poorer, less developed societies often raises more prob

lems that it can solve. They are usually very costly :::·elative to the 

income cf th�' local pop•.llations, they require an educational and 

industrial infrastructure which takes c!ecades to build up and their 

disruptive social consequences tend to be much more sudden tr.a� in 

the5r �ulture of origin. But �erhaps most important of all, their 

introduction o:ften inhibits the growth of the ir�dig�nous innovative 

capabilities which are necessary if "development" is to take place. 

The s�: �ls of modernity, in the form of steel mills, chemical 

plants, auto;-.:�·�-_.ile factories or squadro:1s of military aircraft can 

be our·: .. .., .... or. O.�< the intqrnational market, but development is a comPlex 

social process wr·.i.ch rests in large part upon the j_nternal innovative 

capabilities of a society. Imports of foreign iaeas, values and tech

nologies have a major part to play, but few societies in history have 

developed exclusively on the basis of such imports. One of the major 

tasks facing the developing countries is to create, nurture and more 

often than not rehabilitate the.r internal capacity to invent and 

innovate. As far as technology is concerned, this implies not �nly a 

much greater selectivity in the choice of imported equipment, plants 

and methods of production, but also - __ and this is much more important 

the invention and diffus!on of new types of technology and new forms 

of organisat�.on which are better suited to local conditions .. 

I. THE SEMANTICS OF APPROPRIATE TECHNOLOG'" 

The technologies which meet this requirement ar .. variously des

cribed as 'appropriate 1 ,  'low-cost' or 'intermediate'. The exact 

difference between these three types of technology is the sub,iect of 

lively if somewhat inconclusive theoretical debates, and it is well 
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to recognise that for the time being there are no wldely accepted 
definitions of what constitutes an appropriate, low cost or inter

mediate technolo�f · For practitioners wnrking in the field, these 

terms, however, are perfectly clear and require little elaboratinn. 

Rather than try here to give a standard set of debatabJ e definition�. 

it may be more appropriate to illustrate them with a few c0ncrete 

examples. 
The ox-plough, introduced in several tropical African coun-tries 

by the agriculturai extension servic�s. religious organisations and 

rural development specialists, is a eood example nf an intermediate 

technology. It stands, so to speak, half way bet�een the traditional 

hand-operated hoe and the modern diesel tractnr. Intermediateness is 

of course relative: in t�e societies of the Hidi2.= East and Asia 

which have known and used the ox-drawn p1 oup:h for thousands nf years, 

such a technology can be called traditional, gnd the intermediate 

level of technology would more adequately he represented by the small 

two-wheel tractors of the type develC'Ipen by the Inte-rnat10nal Pice 

Research Institute in the Philippines(l) or by the industrial co

operatives of L.ri Lanka( 2 ) . In the tropical African societies which 

do not have any tradition of livestock breeding and which s-rill use 

very simple implements, the ox-drawn ulough is a ma.ior innovation, 

and from a technological point of Vlew, it reurc;sents a big s1:ep 

forward. 

Another example of intermediate technology is the gqri machine 

developed in Nigeria. Carl, a dehydrated cassava p:roduct, is a staple 

food in most of \'lest Africa. The traditional manual preneratinn 
method for extracting the prussic acid from the cassava root was 

brought to West Af'rica in the 18th century by former slaves from 

Brazil who had borrowed it from the local Indian unpulat�on(3). 

With the rapid rate of urbanisation, indu�trial production methods 

were required, and a modern large-scale technology was deve l •J"ped in 

the 1960's by a British firm in Gambia in co-o-oeraticn with f ·!igerian 

technologists. Parallel to this, a scaller scale end somewhat simpler 

technology was developed at the time of the Nigerian Civil War on the 

Biafran side. The capacity of this intermediate plant is smaller but 

the total investment required for the s.ame outuut is at least four· 

times lower and its profitability substantially higher. Of particular 

1 )  See the article by .Amir U. Khan, "I"lechanisation Technology for 
Tropical Agriculture", in the second part of this book. 

2) D.L.O. Mendis, 11The Reorganisation 'Jf the Light Engineering 
Industry in Sri Lanka11, � · 

}) R. De ����:7"¥F.�� 
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interest here is the fact that the intermediate technology was an 

indigenous innovation. The modern plant, by contrast, relied heavily 

on technological contributions from a highly industrialised country{!). 

The definition of what constitutes a low-cost technology is at 

first sight relatively simple. The ten dollar rural latrine developed 

by the Planning Research and Action Institute in India is quite 

clearly immensely less expensive than the modern flush toilet(2) and 

the water filtration system developed in Thailand, and which uses 

co�onut or rice husks as the filtering media, is so inexpensive that 

it can 1-:le ,considered .for all practical purposes as a zero-cost tech

nology: supplying a family with pure water for cne month costs 

around $0.20(3). However, as soon as one goes beyond the simple home

liv1ng 1self-help' technology, cost calculations can become extremely 

complex, and it is often very difficult to determine whether a new 

manufacturing technology for instancG is cheaper than the one it 

replaces or supplements. 

The small-scale sugar plants developed in 1:nd <.a, and which now 

account for more than 20 per cent of the count ... ..,. • s production , are 

a good case in point. The average investment per ton of output is two 

and a half times soaller than in the large modern plants, and the 

inves·tment per worker nine times lower. Dif.ferences in production 

costs however are much smaller {less than 20 per cent), and the pre

sent balance in favour of the small-scale technology could easily be 

tilted{4). This in .fact is what happened with a rather similar type 

of technology in Ghana. Analyses made in 1969 showed t�at the small

scale low-cost sugar t�chnology was more attractive from �� economic 

point of view9 but four years later, with the rise in wages and the 

improvements in the modern large-scale plants, the situation was com

�letely reversed. Economi�s can of course also operate in favour of 

the small-scale lower-cost tecr£nology. In India for instance, the 

sudden rise in the price of imported oil has helped to make c6v dung 

gas cookers IDuch more attractive. 

Low cost, like intermediateness, is a relative notion which 

varies in spa•;e and time, and much depends upon the assumptions made 

1) See the article by P.O. Ngoddy, "Gar! Mechanisation in Nigeria: 
The Competition Between Intermediate and Modern Technology", in 
the second part of this book. 

2) See the article by M.K. Garg, "The Upgrading o f  Traditional Tech
nologies: Whiteware Manufacturing and the Development o.f Home 
Living Technologies", -� ·  

3) R .J. Frankel, "The Design and Operation o f  a Water Filter Using 
Local Materials in Southeast Asia", �· 

4) M.K. Garg, "The Scaling Down of J!iodern Technology: Crystal Sugar 
Manufacturing in India 11 , 1.!2..!!!. 
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about the price o!· inputs. If int:erest rates are kept artificially 

low to foster industrialisation, as happens in most developing coun

tries, the modern capital-intensive technology will automatically 

appear much more profitable in private terms (but not necessarily in 

social terms) than the local indigenous technology which employs many 

people but requires little capital. If on the other hand, employment 

is a real (as opposed to rhetorical) national priority, the profit

ability of the small-scale technology cannot be measured exclusively 

on the basis of the effective wages paid to the workers. Employing a 
perscn who would o'&herwise be out of work is a ne-t gain for the 
economy, and this facto1 can be taken into account by using a shadow 
wage rate and measuring the opportunity cost of employment(!). 

Measuring the real cost of a new technology brings out very 
clearly the conflict between micro-economics and macro-economics, 

and between the national planner and the entrepreneur. The planners 

who have to choose for ins�ance between a small-scale sugar plant 

and a large one must take into account such factors as the social 
cost of �'employment, the effective price o� foreign exchange or the 
import-saving value of a new project. The small entrepreneur who is 

investing his money and his worK in a plant is interested mainly in 
making a profit, developing his company and securing the cash-flow 

which will allow him to pay his workers and buy his raw materials. 

If there is no liiD{ between the planner and the entrepreneur - for 
instance by ensuring that the latter will get some immediate financial 

compensation to make up for the difference between tne wages he 

effectively pays out and the shadow wage rate upon which the profit

ab_ility of his project was assessed - the only t�st of a new tech

nology's cost or value is its acceptability by the market. 
When speaking of low-cost technology, one is focusing primarily 

on the economic dimension of innovation. The concept of intermediate 
technology on the other hand belongs more specifically to the field 

of engineering. As for appropriate tectillology, which tends today to 

be somewhat more popular than low-cost or intermediate technology, 

it represents what one might call the social and cultural dimension 
of innovation. The idea here is that the value of a new technology 

lies not only in its economic viability and its technical soundness, 

but in its adaptation to the local social and cultural enviroP�ent. 

Assessing the apuropriateness of a technology necessarily implies 

some sort of value judgement both on the part o� those who develop 
it and those who will be uoing it, and when ideological considerations 

come into play. as they often do, appropriateness is at best a fluc

tuating concent. 

l) For a further discussion of these issues, see the paper by 
A .J. Bhalla, "Low-Cost Technology. Cost of Labour lJ!anagement and 
Industrialisation", �· 
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The solar pump developed by a French firm in co-operation with 

the University of Dakar, and which is currently being introduced on 

a large scale in ?-1exico, is probably a very good example of appropriate 

technology. !t uses a widely available SC'Iurce of energy - the sun -

to provide villagers with a scarce but vitally important commodity -

\liater( 1). Although it is technically very sophistit�ated, it blends 

�ather well into the social environment: it requires virtually no 
maintenance and seems to have a potentially very long working life. 
In the same way, a number of the t€chnologies developed or popular
ised by the Brace R�search Instituse in Canada can be considered as 

particularly appropri::�.te, be they solar coffee dryers for Colombia, 

small-scale iron :foundries for Afehanistan or solar distillers fr)r 

the •.vater-less villages of Haiti(2). 

�he terms low-cost, intermediate and aopronriate technology 
are eenerally considered to refer to technologies which are used, 

developed or imported by developing countries. Most of these technol
ogies are, however, equally relevant to the highly industrialised 

count:-i£s, and are in many ways ra-:her similar to the soft or 

a1-:erna-cive technologies oromoted by a rapidly growin;.; number of 
organisations and individuals in North America and Western Europe. 

These soft or alternative technology movements all emphasize the 
need for a much greater attention to the ecological impa�t of new 

tec��ology and to the real needs of society. 
Among the soft technologies developed in the industrialised 

countries, one might mention the aquaculture system and the wind

mills of the r�eu Alchemy Institute in the United States(3), the com
munity technologies (e.g. basement fish-farming, solar kitchens, 
etc.) s'.li ted to an urban environment which are propounded by Karl 

Hess's Community Technology(4), Robin Clarke's efforts in the United 
Kingdom to explore new paths in non-polluting agricultural technology 

and the use of renewable energy resryurces(5) or the wind generators 

and methane digesters of an organ.i.sation .such as Cor.servation Tools 

and Tech.."lology{6). 

1) See the paper by J.P. Girardicr �nd M. Ver�et, "The Solar Pump 
and the Problems of Integrated Rural Developm.ent", �-

2) See T.A. Lawand et aJ., "Brace Research Institute's Handbook of 
Aopropriate Techno.logy", ibid. This paper contains an elaborate 
3et of criteria of a technology's appropriateness. 

3) "New Alchemy Institute: Search for an Alternative Agriculture", 
Science, Vol.l87, No.4178, 28 February 1975. 

4) "Karl Hess : Technology with a Human Face", Science, Vol.l87, 
No.4174, 31 January 1975. 

J) See Robin Clarke and Geoffrey Hindley, The Challeng� of the 
Primitives, Jonathan Cape, London 1975. 

6) See Andrew i"lcKillop, ,;Technological Alternative:s", New Scientist., 
22 November 1973. 
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The examples of intermediate, low-cost, aporopriate or soft 

technology given here should be viewed simply as illustrations, and 

not as an attempt to present a global overview of what has been 

achieved to date. What these examples su��esL is that at this stage, 

the delineation between these various conceDts ie still in a state 

of flux. Appropriate technology is very close to. but not entirely 

identical with, intermediate tecP�ology, and a low-cost teclli1olo�, 

while often particularly appropriate to the cor..ditinns in a develo':l-

ing society, does not necessariLy always meet the criterion of ar··r0-

uriateness. In fact, each of these concepts mifht be viewed as a set 

of overl&pping but nevertheless distinct areas, the frcntiers of whi-:-:-< 

are rapidly changing tmder the impact of rece!'lt experiments, new 

innovations and progressive changes in r_,erspective. For this reason, 

the terms apnrcpriate, iow-cost. ir.�ermeriiate and �oft car. 

for the moment be used almost interchangeably, and the choice �f 0ne 

term in preference to another is a reflection of differences in 

emphasis rather than of fundamental rlifference in na�ure. 

II. THE HARm</ ARE AND THE SOFTWARE 

The term 'technology' invariably su�gests thE> id-�a of hardware 

be it in the form of factories, machines, ::lroducts or .�.nfrastructures 

(roads, water distribution systems, storage facili�ies, etc.). Hard

ware is something visible, and even if it is not understandable, it 

stands out very conspicuously. Techno log: .. · however goes much be�,rond 

the hardware, and also <.:omprises what can be called, by an anaJor;y 

taken from the computer industry, the software. This inc1. udes such 

immaterial things as knowledge, know-how, experience, education and 

org'J.nisational forms. Thie distinction between hard' �are and software 

is just as imnortant in tPe case of appropriate technology as in that 

of modern large scale technology. 

The societies which today are high2.y industrialised owe their 

development not merely to the inven�ion and widespread apnlication 

of new types of machinery, from the steam er,gine 0f the first indus

trial revolution to the electronic computer of today, but also to 

major innovations and gradual improvements in organisational forms 

and institutional structures. The impor�ance of these non-material 

innovations often tends to be underrated by histarians of technology. 

One of the major innovations in organisational forms in the first 

half of last century was a legal invention, that of the limited 

company. This new form o£ association illlowed potential entrepreneurs 

to escape from the stifling restrictions of the nrofessional guilds 

inherited from the Middle Ages. It also consecrated the dismantlin� 

of the King's monopoly on industrial and commercial entreprer.eurshi?, 
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which had been institutionalised over the centuries by the system of 

r�yal charters . In fact , had it not been for the invention of the 

limited company , which released the entrepreneurial drive of a society 

in transition , tr.e industrial revolution may well have aborted despite 

all the inventiveness in hardware . The history of classical China , 

IIDpe-rial Rome or late medieval Europe suggests that the ability to 

inve.n:t and develop new types of hardware is not alone sufficient to 

generate the equivalent of an industrial revolution . What is required 

is an entrepreneurial clasH and perhaps more important a system of 

values - cultu�al , social or religious - which can legitimise and 

encourage social and economic change . 

The problem facing developing countries today is not very differ

ent . The range of new hardware which is available to them as a result 

of the industrial research undertaken in the advanced countries is so 

wide and increasing so rapidly that it could , in theory if not in 

practice , meet a large part of their immediate needs . What is really 

lacking is the software and this is pe�haps the area where the appro

priate technology movement has the most to contribute . Hardware and 

the technical ability to produce it in an imitative way can generally 

be transferred from one country or culture to another. Organisational 

forms and social values are , by contrast , much more culture-specific 

and hence generally more difficult to transpose deliberately from one 

society to another. 

The case of the agricultural extension system illustrates this 

point very clearly . Thtse services ,  developed in North America and 

protestant Europ.� in the 19th century , have proved extremely effective 

in diffUsing new technology and transforming the agricultural sys+,em. 

But when transferred without any substantial modification to the 

developing countries, they often turn out to be more costly and much 

less effecti�e .  In fact, the problems of adaptation are much more 

complex than for hardware . Such an adaptation can however be done . 

One successful example in this respect is provided by the Institut 

africain pour le developpement �conomique et social (INAOES ) ,  a 

mission-based organisation working in most cf Black Africa ( l )  which 

has developed a low-cost extension service that lays great stress on 

the inve;·· ;�iveness and entrepreneurship of the farmers to whom it is 

addressed . In fact , the work done by INADES , or for that matter by 

the Panafrican Institute for Development( 2 )  provides ·very vivid exam

ples of the ways in which appropriate sof·tware ( .:!. .e .  education, 

agricul·tura:.t_ extension , knowledge , etc .  j can be created and modified 

t� promote development withln a poor community . 

1) See the paper by P .  Dubin, "Education as a Low-Cost Technolozy 
for Agricultural De .relopment" , in the second part of this book . 

2 )  See John W .  Pilgrim, "The Role of Non-Governmental Institutions 
in the Innovation Process" , ibid. 
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The ineffectiveness and high cost of Western-style edu�ational 

systems in the developing countries is another illustration of the 

difficulty of transferring software from one c�untry to another. In 

fact , a number of developing countries have tried to meet some of 

the criticisms levelled against their educational systems by develop

ing new types of hardware and software which are much better suited 

to local conditions . One might mention here the educational games 

developed in some African coun_tries (EcoNiger in the Republic of 

Niger and the Agricultor in the Central African P.epublic ) ,  the inte

gration of artisanal activities in the curriculum of the primary 

schools ( r.had ) or the emphasis placed on the traditional knowledge 

of the community in which the school is located . The number of experi

ments currently going on in the educational field iB very lar�e , and 

only just beginning to be documented in a systematic way ( l ) . These 

examples clearly suggest that appropriate software can be developed 

and, more important , help to build up the inventive and innovative 

capab�lity which is necessary to development . 

At another leve1 , one might note two small but revealing e� 11 es 

of the way in which specific problems can be solved with a mir-: 

expenditure in money and without using any new hardware . The 

is the way in which the bus system in the city of Delhi was re·Jrgan

ised to provide better service and make more efficient use ()f the 
existing hardware( 2 ) . The other examJ.-:: e also comes from Ind ia . In 

the State o f  Pun;jab , the agricult'.lral crisis which followed the rise 

in fertiliser prices in 1974 led to ar. apparent ly very simple edminis

t�ative solution to a problem inherited from th� c0lonial period . The 

water distribution system and the agricultural extension .service which 

were run separately without a�y co-ordination were merged under a 

single authority. As a result of t h i s  simple adminis�rative reorgan

isation , the average grain yields increased in a significant way , 

which heiped to overcome the problems posed by the relative shortage 

of fertilisers . 

Many other similar examples conld be found throughout the devf;:loo

ing world . Some o� them may seem trivial , but development is a process 

which consists for a large part in thousands of small improvements 

and modifications in software , rather '"-.han in sudden end massive leaps 

forwarj in hardwa�e . Software however lacks visibility, and often tends 

for this reason to be overlooked , not only by national pl&�ers and 

policy m&.kers , but also by many of the small-scale .. organisations now 

active in the field of appropriate technology . 

1) 

2) See Jon Tinker , "How Delhi Makes the Buses Run on Time11 , New 
Scientist,  9 January 1975 . 
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One should not of course overlook the importance of hardware , 

but an exclu3ive preoccupation with hardware tends to overshadow the 

importance of the eno�mous pvtential r2source represented by software . 

The ways in which this resource can be mobilised in a systematic way 

are not entirely clear, but many experiments have pointed to the 

general direction . One example in this respe�t is the Camilla Project 

in what was then East Pakistan ( l ) . This was an attempt to initiate 
community development at the grassroots level , not so much by intro

ducing new hardware ,but rather by reorganising existing resources and 

promoting innovation fro� within . The organisation of inexnensive 
public health systems is another illustration: with�ut any substantial 

lncrease in hardware, it is feasible to provide an effective health 

system at an annual cost of some $ 1 0  per person , and a sanitation 

system for ten times less (2) . 

A national strategy for appropriate technology (or for that 

matter the st. �tegy of a smaJl private or public appropriate technology 
organisation) could and �hould focus both on hardware and softwar� . 

In fact , the most appropriate techno2-ogy for many developing cormtries 

is often the one V��"lich has a greater software componem: . Software is 

much more difficult to develop and diffu�e than hardware but strate

gies for mobilising it in an effective way can be developed (3) . 

I I I .  THE CULTURAL ORIGINS OF APPROPRIK._'E TECHNOLOGY 

The idea that developing countries should resort to appropriate 

teclliiology in order to promote development is in the process of 

becoming ' respectable ' , both for national policy makers ir· these 

countries and for aid-giving organisattons in the industrialised 

countries , and appropriate technology is progres�ively entering into 

the mainstream of developme�t aid . This transition from marginality 

to acceptance is most conspicuous in the United States(4) , Canada , 

the United Kingdom , Sweden and the Netherlands , and there are signs 

l )  See Akhter Hameed Khan , 11Th� Camilla Pro.iect - a Personal Acconnt" ,  
International Development Review, 1974 , No . 3 .  

2 )  See James S .  Pollock McKe:nzie , _ "Putting a Price Tag on Health: A 
Ten Dollar :-!ealth Plan11 , International Development Review, 1974, 
r�o . l .  

3 )  See for instance Robin T .  Hiller, ]=lattabhi N .  Raman and Geor.e:e 
R .  Francis ,  11MobilJ.sing National Talent .for Develonment11 , 

-

International Developme�t Review, 1974, No . 2 .  
4 )  One example o f  this i s  the bill passed by the U . S .  Congress in 

September 1975 : the Agency for International Development has been 
allocated $20 million to be used for activities in intermediate 
technology in the 1976-1978 fiscal years . 
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that this interest in appropriate technology is p;radually spreading 

to other aid-giving countrie s ,  notably Germany and Fran�e . This shift 

in public attitudes however iE not matched , for the moment at least , 

by a c�rresponding shift in the nature c f  aid programmes :  attitudes 

are several years ahead of concrete reali sat ions , and it will take 

time before this interest in appropriate technology can be translated 

into projects and achievements similar in scope to those which have 

been und�rtaken under the ' convent ional ' or 'modern' large-scale 

aid programmes .  

This interest of aid-giving· countries and organisations in 

appropriate te chnology , iumortant as it may be for the future of the 

movement , i s  in fact at the root of a very widespread misc0nception, 

namely that a1-.propriate tec[l_nol oe:y i s  primarily an aspect of develop

ment aid . It ( t•>tC'I.inly has a part to nlay in devel opment aid , but the 

philosori-,t wl'.ich underlies it is precisely the opposite : appropriate 

technology should first and foremoet be an indigenous creatio!'l of the 

developing countries themselves and the central problem they have to 

face is that of building up an indigenous irmovative capab ility and 

not: th&t of impcrting more foreign technolog�,r . 

The appropriate technology 'movement ' ( t he term movement is 'J.Sed 

'llere for war�t of another more adequate description) ca1.. probably be 

-..; iet·!ed e.s e. cui+:nral revolut ion . A number of !"actors have contributeC 

to bringing it about , both in the industrialised and the develoning 

countri e s , and it might be u_ cful to dist inguish here between the 

immediate origins and the more complex and deeper origins. 

The most conspicuous of these immediate origins is the realisa

tion , shared Ly aid-giving and aid-receiving countries alike , that 

development aid and a Western style of industriali sation have neither 

fulfilled the initial hopes which were placed in them nor been fully 

capab l e  of so :ving the basic problems of development . This problem 

has been vivtdly expressed by Dr . E . F .  Schumacher in his influent ial 

book, Small i s  Beautiful , which perhaps more than any other . Pas 

contrlbuted to popularise the concept of intermediate te�hnology , 

uVth in the developing countries and in the industrialised nations ( l ) . 

The disi llusion with foreign a i d ,  which several studies have 

amply documented ( 2 ) , i s  not due so much to inefficiency y lack of 

money , ignnrance or the importation of inappropriate technoloP:::T, as 

to the fact that while we know CJ_H_i te a l0t 8bou't the rea5ons why a 

1 )  E . F .  Schumacher , Small i s  Beautifu l , Blond and Brigg s y  London , 
1973 . The author i s  the founder of the London-based Intermediate 
Technology Development Group { ITDG ) .  For further detail s ,  see the 
ar-r.icles by George McRobie , "The Mobilisation of Knowledge on Low
Cost Technology: Outline o f  a Strategy" and M.M.  Hoda , " India ' s  
Experience and the Gandhian Tradition" in the second part of this 
book . 

2 )  See for instance Tibor Mende , From Aid to Recolonisation - The 
Lessons o f  a Failure, Pantheon , t�ew York , 19 73. 
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particular society has developed, we know very much less about the 
ways in which such a process can be deliberately and succ�ss:f'ully 
engineered . 

'I'he ide.:l that all societies c.an and shoul_d 'develop' is by 
historical standards & very new one . The concept of 'human progress ' ,  
which is the cornerstone of several great religions , is not of course 
very re�ent , but it is primarily a moral notion , and only very recently 
did progress come to be equated witt a steady rise in material well
beir.g rather than with moral betterment . Development , or for that 
matter ' human progress • ,  is closely associated with a society ' s  per
ception 0f time and with its image of man ' s  place in nature . In many 
tradl tional societies, time , as exemplified by the recurrence of the 
seasons, tends to be perceived as a �yclical phenomenon : the present 
is a repetition of the past , the future will be the same as the present , 
and man has no control over time . Progress or for that matter develop
ment , implies that the future will be different from or better than 
the past ; time comes to be viewed as a linear , irreversible process, 
and not a recurrent cycle . These differences in the perception of 
time are linked for the most part to raligious traditions , and take 
a long time to change . 

T-he second immediate origj_n of the appropriate technology move
ments can be found in the industrialised countries themselves . The 
worldwide student revolts of ths 1960 ' s ,  the debates about "Limits to 
Growth" , the ecology craze and the oil panic , the reactions against 
the consumer society and the patterns of living imposed by industrial 
necessity are the most conspiC1lOUS symptoms of Western society ' s  grow
ing doubts about its values , its way of life and its long-term 
futur� { l ) . The phenomenon, incidentally , has also spread to Eastern 
Europe and the Soviet Union(2) . Technology , which has probably been 
the most conspicuous factor in bringing about the social and cultural 
changes which the majority has now begun to question, has come under 
attack and this has paved the way to the search for alternative tech
nologies , for a better balance between man and nature and for a 
greater responsiveness 0f technology to the 'real' needs of man. 

1) See for instance Charles .�!�;���R���������������:!t• 
La�e , London , 1971 , Theodore 
Doubleday, New York , 1969 . Alvin 
House , New York , 1970. Jean-Francais 
Doubleday , New York , 1971 . 1 

2) See for instance Aleksandr Solzheni tsyn_, Letter to the Soviet 
Harper and Row, New York , 1973 , and Radovan R�chta , 

er , 
Soviet Union for 
Richt a ' s  bcok , which in 
major part in fostering 

(mimeo ) ,  Prague , 1967 . Solzhenitsyn ' s  
probabl:'l the first plea made in the 

or appropriate technology. As for 
fact was a collective work , it played a 
the 11Prague Spring" of 1968 . 
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This search for alternative technologies is only just begin
ning in t�e industrialised countries, and for the moment is less 
conspicuous by its practical achievements than by Lhe intensity of 
the ideological debates which surround it . The reason for this is 
simply that the development of technology is conditioned net only 
by the imperatives of engineering but also by the cultural and ideo
logical values of the society which produces the technology . Changes 

in teclmological trends must be preceded ty changes in culture , which 
in turn will bring about modifications in the demand for new technol
ogy . The modern large-scale technology we have today is basically a 
result of the cultural demar.d or values , of Western society in the 
l ast fifty ycar3, and a change in values and in the perception of 
what technology can achieve is the prerequisite for a reorientation 
of the research ar.d industrial inr.ovation system , 

What is true of technology is equally true of science: 3 society 
develops the type of knowledge , or science , Which is consonant with 
its values,  and noL necessarily that which conforms to scientific 
truth . Witness for instance the way in which early Christian society 
gradually "forgot" the heliocentric theory of the universe , only to 
retain for more than 1 ,000 years the scientifically incorrect , but 
theologically more appropriate geocentric view of the world . 

The disillusions about develop�ent and foreign aid , and the 
growing doubts of the industrialised societies about their own future 
are the two immediate and most consuicuous factors accounting for 
the gro'it·ing interest in appropriate technology. In fact , the origins 
of this movement can be traced much further back into history and in 
particular to the industrial and technological experiences of three 
major countries , India, China and the United States . In India, this 
inte:"'est in appr�)priu te technology , even if it was not defined in 
such terms , goes back as we shall see later to the end of last 
century (l ) . In China , the philosophy which underlies Mao Tse Tung ' s  
i�eas about technology could be traced back not only to the civil 

·�ar of the 1920 's  and the reaction against the big capitalism of the 
Kuomintang society (2 ) ,. but ah:o to the peasant rebellions which have 
always been O?"",e important element in China's history . As for the 
United States, its industrial history illustrates both the problems 
of industrialisation in an underdeveloped country and the fact that 
all the modern large-scale technologies of today were originally 
small-scale, inexpensive and in certain respects approp�iate 
technologies . 

l )  See M.M.  Hoda , op.cit . 
2 ) One very revealing analysis of China 1 s industrialisation problems 

can be found in the famous novel of Hao Dun , Midnight.9 (translated 
into French under the title �. Editions du Seuil , Paris , 196B) . 
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IV. THE UNITED STATES AS A MODEL OF APPROPRTATE TECHNOLOGY 

American technology , more than any other , symbolises the large
scale approach to which many developing countries , and many innovators 

in the industrialised countrie s ,  are seeking an alternative . However, 
in its early years , the United States was in many respects a develop
ing nat ion, and if what happe�ed in the past does not necessarily 

prefigure what will happen in other places and other times , there are 
many lessons to learn from what was , by any standard, one of the out

standingly successful national experiences in technology ( l ) . 
Twenty-five years after the Declaration of Independence ,  the 

United States still had to import from England such apparently simple 
things as nails ,  axes and cloth. Many leaders,  Benjamin Franklirt and 
Alexander Hamilton among others , realised the dangers of the situation , 
and tried in their own way to promote what today would be called indus
trial independence or tP.chnological self-determination. Conditions , 
however, '�<�·�re unfavourable • The manufactured goods imported from 
Britain wer-·e much more competitive than Ameri.can products ,  and they 

were often sold at dumping price s .  Protective tariffs were of little 

avail :  the country had little industry, and few of the traditions of 
craftsmanship which form one of the main .:..ases of ir::.d·1stry . And at 
any rate the small indus�ries which did exist (notabJy in Connecticut 

and New York State) were quite unable to meet the needs of a rapidly 
growing population and the settlers were more interested ir. opening 

up new farming land th�i in building an industrial society on the 
European Iliodel . 

Things were to change dramatically with the Napoleonic Wars . 
�or close to two decades , the United States i0und itself practically 
cut off from its British suppliers, and had to rely on its own 

ingenuity t� make all the products it needed , from textiles to agri
cultural tools , from weapons to transport equipment . The country 

however had very few skilled people capable of manufacturing the wide 

range of goods required by the market . This situation , coupled with 
the interruption of trade with Europe , paved the way to the mechanis
ation of productive processe s ,  for this was the only way To overcome 
the shD�tage of skilled craftsmen and meet market needs . 

�ooking at things in retrospect , the development of a country 

always appears to be � logical a�d orderly process . In fact , history 

if_. composed for -:t large part of accidents and unforseeable discon

tinuities and the development of American technology was immeasurably 

1 )  One of the best short histories of technology in the Unit�d States 
is Roger �urlingame ' s  Machines that Built America , Harcourt , Brace 
and Ccmpany , New York , 1953. For further details , see H.J.Habakukk , 
American and British Technolof6 in the 19th century, Cambridge 
Univers1ty Press , Cambridge , �62 .  
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less sim?le and straightforward than this picture would suggest . 

What is important in this context is not so much the details of the 

process as some of the conclusions which can be drawn from it . First 

is the fact �hat free trade 9 especially in manufactured good s 9  is 

not conducive to the development of industry and technolo�J in the 

importing cow1try . Second is tha� & society which for some reason 

or another is suddenly forced to rely on its own ref'ources can often 

do so . Third is the crucial importance of demand , or rather of a 

need for the products and the technologies which were formerly im

ported . Fourth is that the development of new industries is not 

necessarily inco�patible with the absence of craftsmen and a struc

tural shortage of skilled labour . In fact the production processes 

of American industry were des igned specifically to overcome this 

drawback . Hence the emphasis on ma\;hine tools , interchanpeable part s ,  

aut.om11t tc processes and the parcellisation o f  work tas!< s .  

Virtua l l y  a::l the industries which grew up in the United States 

in the nineteenth century started on a very small scale9 often a s  

one-man operat ions. The death rate of new enterprises was also very 

high : histo:y always remem-o)ers those which succeeded, but one should 

not forget the tens of thousands which failed . In fact , a death �ate 

of some 90 per cent is a normal phenomenon 9 and in any new industry , 

seldom more than one per cent of new enterprises turn out to be 

really successful ( ! ) . Technology is a d)�amic process, and firms 

which do not grow in size or sophistication are a�most always elim

inated from the market . This suggests that one of the crucial factors 

in de.,relopment , both at the national level a."ld at the level of the 

individual firm is the ability to innovat e 9  and to innovate success

fully on a continuous basi s . 

Another lesson from the American experience is that contrary t o  

what hC'.:.J'[)ened i n  most European countries 9 a hi,!?h proportion of the 

inventcrs and entrepreneurs came from the rural communities . Oliver 

Evan s ,  the inventor of the automatic milling machine , was brought up 

in a Delaware farm; Eli Whitney, who was to play a crucial part in 

the development of the textile industry , and later the machine indus

try9 grew up to manhood in his father's farm in Connecticut ; Cyrus 

McCormick , whose name became the major trademark in agricultural 

machinery , was Rlso a farmer ' s  son 9 and Henry Ford himself came from 

a Michigan farm. Clearly, �he American farming cow�unity of the nL�e

teenth century was very different from the peasant societies of many 

1 )  The automobile industry i� a good illustration of this phenomenon : 
literally hundreds of independent companies have disappeared and 
today almost all the world production is acc�unted for by less 
than twelve large firms . In the computer industry , less than one 
third of the 70 comnanies ac tive in this field between 1950 and 
1965 had managed to

-
survive until 1970 . 
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other countries: the farmers were free men, and they knew that the 
futu�e would be wr..at they wanted it to be . These few examples are 

given here to suggest that development is not necessarily an exclusive
ly urban phenomenon and that inventlveness and entrepreneurship in 
the rural sector are extremely important. This point must be emphasised , 
since more than 70 per cent of the world population today still lives 
in �ural communities. No society can be considered as truly ' developed ' 
unless it has a h@althy agriculture , and the social and economic level 
of· the agricultural sector is generally a good indicator o:f a country' s  
overall level ot· development . 

Any technology in its early stages is a low-cost technology, in 
the sense that it requires only small investments and is applied on 

a limited scal e .  But if one compares it with technologies which 
develop subsequently , it is usually both ine:ff!cient and expensive . 
Compare for instance today' s ,jumbo-jet with the old DC3, the hand
crafted European automobile of 1910 with the mass-produced car of 
today , or the modern combine harvester with the hnrse-drawn equipment 
o:f the 1920 ' s .  In fact , the concern of most practitioners in appro

priate technology today is not to rep8at the experiences of the past 
and turr. back the technological clock but to develop alternative 
technological and social solutions to problems which for the time 
being, given the lack of reso'.lrces and the particular nature of local 
condition s ,  cannot be met successfully through large-scale modern 
technology . Intermediate technology is a complement to , rather than 
a substitute :for, modern technology and might be viewed as an 

expression of what Ignacy Sachs has called "technological pluralism" ( l ) . 

V .  IDEOLOGY AND SELF-RELIANCE : INDIA AND CHINA 

Historically , low cost and small scale can generally be asso
ciated with the early stages of a new industry or a new technology , 

and ti:te current interest in appropriate technology is linked both 
with a certain disillusion of industrialised societies with their 
own way of lite , and with the realisation, shared by aid donors and 

aid receivers alike that technical assistance and development aid as 

th�y have operated until now have not really been success:ful . However , 
if we look at the two countries which today are probably the most 
advanced as far as intermediate or low-cost technology is concerned , 
namely India and China , it will appear at once that this interest � 
app·ropriate or intermediate technology is in fact much less recent 

1 )  

sur 
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and has a lot to do with their social and political history Bince 

the end o£ the last century . 
In InGia, the rehabilitation and developmen� of traditional 

village industries. encouraged by su�h reformers as the Maharaja of 

Baroda , Rahindranath Tagore and later Mahatma Gandhi was closely 
linked with the fight against British rule and the attempts to reform 
Indian society(2. ) .  India ' s  pit":!eering role in the development and 

application of appropriate technology was part of a much wider move
ment of national liberation , bvth from foreign domination and from 

the country ' s  internal social structures .  
India ' s  modernisation efforLs, o r  for that matt�r those of 

several other developing countries, clearly show that technology in 

general , and large-scale modern technology in particular, is neither 

egalitarien nor socially neutral , and tends to accer.tuate the social 
and economic differences between the small minority which can profit 

or benefit - from it as consumers or producere and the vast majori�y 
of the population living at subsistence levels in the rura'i areas . 

In this perspective , appropriate technology might be viewed as the 

' survival technology' for the hundreds of millions of farmers who 
have b�e:n completely left ont of the development p:-ocess. 

Appropriate technology may well be the only solution to the 

development , or more modestly the survival9 of the rural communities. 
But its deveLopment and diffusion raises a number of political and 
social problems . One of these is the allocation of resources: even 

though appropriate technology is comparatively inexpensive , if one 
measures its cost in terms o� investment per workplace, its large
scale diffusion requires important sums Of money which might other
wise be used for big projects based on modern technology. The latter 

have much greater visibility , they are somewhat easier to manage since 
they deal mainly with hardware , they benefit from the social prestige 
of modernity and are usually the winners in the political competition 

for scarce resources . Since investment decisions in �he developing 
countries today are taken for the most part by public authorities 

( e .g .  the ¥lanning ministry} and not by private entrepreneurs, the 
development and growth of industries based on appropriate technol�gy 
depends verJ much upon political options taketi at the highest level . 

Tn the case of India, there are indications that appropriate tech
nology , Which was in the political and ideological mainstream in the 

pre-independence period, lost much of its pre-eminence as a result 
of the post-1948 large-scale industrialisation efforts.  

The political history of intermediate t�chnology in India in 
the last thirty years is in fact a good illustration of the fight 
between the moderr. and the appropriate .  This fight is perhaps best 
illustrated by Gan�hi ' s  failure to have the 1 charkha' ( spinner' s  

1 )  See M.M.  Hoda , op.cit 
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wheel) retained as the national E=ymboJ. on India �" s  flag ( ! ) . After 
Independence , the modernist, or rath�r Leninist f trend - exemplified 
by the large-scale electrification programme(2) - gained the upper hand 

over the Gandhian trend . The latter went underground - or rather 

devE:loyed at tbe local a.'"ld private level - while the former emerged 
forcefully at the national policy-making level . In India , as in any 
other c0w1try, political attitudes towards tecPnology change with 
time , and it is interesting to obs.:-rve that in the early 1970 ' s , 
Gandhi ' s  ideas began once more to gain ground ( 3 ) , as a result of a 

number of factors , among them the (lil cri s i s ,  and the shortcomings 

of industrial Leninism. 
The othe1· pioneering country in tt:.e field of appropriate tech

nology :is Chine , and one cannot help being struck by the fact that 
the development and diffusion of' such technologies is not only an 
economic or technical problem, but also an ideological �nd political 
issue. China ' s  social re•Jolution , partly by accident and partly by 
choice , was based upon th� .,· ... rming communi ties and the r'..lral areas , 
and incidenta�- ly paved the way to what was probably the most signifi
cant innovation , or revision . in marxist ideology since Karl Marx 
the recognition that the peasantry rather than the urban proletariat 

was the driving for�e for �ncial revolution. This accounts to a large 

extent for the fact that China ' s  development effort , unlike that of 
many other pocr countri es , was -based to a large extent on the ��ral 
areas (4) . 

If Mao Tse Tung can rightly 'oe seen, along with Gandhi , as one 

of the main prophet s of appropriate technology in Asia - in the same 
way that Dr. Schumacher is its European prophet - it wc'..lld be some

wha+. misleading to interpret his ideology in this exclusive perspec
tive . One should not forget that one of Mao ' s  most vivid experiences 
of childhood was a peasant rebellion which ended with the public 
execution of its leaders . Such memorie s ,  which we�e shared by many 
other people of his age, probably accounts to a large extent for his 
recognition that the peasantry was indeed the driving force of revo
lution . 

1 )  Dominique Lapierre and Larry Collins, 
& Schuster, New York , 1975. On Gandhi 
see also Erik Erikson , Gandh i ' s  Truth, 
1969 . 

2 )  Lenin ' s  famous equation "Communism "" Soviets + Electricity" was 
revised to " Socialism = Panchayat (or 'village councils ' )  + 
Electricity" . 

3) Jacques Leslie , " India ' s  Woes Stir Rebirth of Study of Gandhi ' s  
Ideas" , In�ernational Herald Tribune , 2 1  October 1974. 

4) Jon Sigurdson, "Rural Industrialisation in China." , in China: A 
Reassessment of the Economy (A compendium of papers subrn2tied to 
the Joint Economic Committee, Congress of the United States) ,  
U . S .  Government Printing Office , Washington , 1975. 
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Fr�m a somewhat narrower ideological point of view, it is also 
well tn note that Mao ' s  views . or for that matter these of other 
leaders of the Chinese Communist Party were formed for the most part 
in the 1920 ' s ,  before the .ideological purges against 'left' and 'right ' .  
Among the Savitt ideologists who had the most direct influence upcn 
the Chinese leaders was Nikolai Bukharin who argued unsuccessfully 
agairst Stalin that the foundation for industrial growth was a nros
perous agriculture- ( ! ) . The Sukharinian tradition in r:aoist ideolop:y 
did not in fact prevent China from followinp: the Soviet industrialis
ation model after 1949 and building un large-scale modern urban indus
tries based in large part on imported Soviet technoloey. In the agri
cultural field, this commitment to modernity took the form of large
scale, and r.ot always very successful , infrastruct.ural project s ,  and 
in the scientific and technological field , in the buildinr. up of a 
strong capability in pure sciP.nce and advanced military technology . 

The focus on Rppropriate teclmology with the emohasis it implieo 
on decentralisation, local i�?itiative and. self-sufficiency , only re
asserted itself after 1960 , when the ideological and technological 
break wi�h the Soviet Union :eft China with no other option but to 
'walk on two legs' and 'rely an its own forces ' - to quote two of 
Mao ' s  most popular slogans . In this perspective , China ' s  commitment 
to ap�ropriate technology was probably not as deliberate a choice as 
it is often made to be by outside observers .  

The difficulties experienced by China after 1960 and the way 
in which they were met , clearly suggest that a society ' s  innovative-· 
ness, both in the modern sector and in the rural communities, can Oe 
greatly stimulated by adverse circumstances ,  and notably by the sud
den in·terruption of the inward flows of foreign aid and foreign tech
nology . This is not to say that a developing cormt.ry should, or 
could, cut itself off from the outside world in order to stimulate 
its internal inventiveness and innovativeness . The social costs of 
such isolation, as the Chinese themselves have pointed out , are in 
the short run very high . In fact , the countries which at one time 
or another in their history have found themselves in such a situation, 
did not deliberately choose it , but were forced to accept it because 
of 11ar or other circumstances (2 ) .  Furthermore , isolation as such can 

1 )  3ukharin ' s  book Historical Materialism (1925) was translated into 
Chinese in the late 1920 ' s .  His views en science and tecP.nology 
cm1 be found in Science at the Crossroads (1931 ) , reprinted by 
Frank Cass , London , 1971 . Two other very interesting studies on 
Chinese ideology - and other subjects - are Simon Leys , Ombres 
Chinoisez, Union G6n�rale d ' Editions, Paris ,  1974, and Jacque5 
Guillermaz , !!!.:-.;to ire du parti commrmiste chino i s ,  Payot , Paris ,  
1972 . 

2 )  One of the few countries to have delibera�ely cut itself off from 
t:he outside world in modern times was Tokugawa Janan , from the 
r.eginning of the s1xteenth century until the middLe nf the nine
teenth century . 
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be conducive to invention and innovation only if there already is in 

"the conntry a pre-existing capacity for development and change . If 
not , it can only lead to stagnation, regres-ion or the return to a 

low-level ecological equilibrium . The case of China does hotrever 
suggest that isolation can have positive effects on the development 
of technology , and notably on a society ' s  ability to rely on its own 
inventive forces . 

Another example which might be mentioned here is that of Nigeria 
during the Civil War: the survival technologies developed on the 
Biafran side in fields like food production, oil refining and weapons 

were typic�l examples of appropriate or intermediate technologies 
based exclusively on local innovative capabilities ( ! ) . The innovation 
potential was obviously present , if in dormant form, before the wer , 
and all that was needed was a powerful motivation to awaken it and 
exploit it as efficiently as possible . But the big problem is perh&ps 
elsewhere : what happen� when the incentives disappear? Mobilising 
existing resources in time of crisis is ofo!;en less difficult than 
sustaining their development over a long period when incentives are 
more diffus e ,  and alternatives all too easily available in the form 
of imported tectillology . 

VI . THE SCEPI'ICS AND THE DISSENTERS 

The growing interest of governments and aid-giving agencies in 
appropriate technology does not mean that attitudes are universally 
positive . In some d�veloping countries, notably the oil producers 
with very ambitious industrialisation programmes , appropriate tech
nology tends to be vie�ea as a rather pointless diversion from the 
real issues of large-scale development . At worst , it is considered 
by some critics of the world ' s  industrial eystem as an attempt to 
institutionalise the technological status quo by offering to the 
developing nations techno�ogies which are inefficiant , obsolete and 
unable to evolve further. 

Such -:ri ticisms cannot be dismissed lightly , for th<.�y touch upon 
certain very real problems and reflect a number of misco�1ceptions 
which some of the most ardent supporters of appropriate technology 
have themselves contributed to generate. One of these misconceptions 
is that low-cost technology, and more widely the whole range of 
appropriate technologies , should serve as a substitute for the modern 
technologies of our induatrial system. Modern industry with its large

scale production processes, its sophisticated technology and its 

1) See P . o .  Ngoddy , .21!: - Cit . and E . O .Nwosu , "Scientific Technology 
and. the Future of Africa" , paper presented at the West Africa 
Conference on Science , Technology and Society, Univer�ity of Ghana , 
Legan . 24-30 March 1972 . 
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elaborate management methods is in a large n:.m1ber of cases by far 

the most efficient a.1d c�1ea-;: �:;; t way of manufacturing the laree quan

tities of products required by the market . Dismantling it or slowing 

down its gr0�Lh for the sake of providing more employment �r for the 

sake of smallness as such is an unreal istic proposition. 

For the moment , we do not really know what types of lliCdern manu

fac�uring processes can be economically scaled down t o  meet the par

ticular conditions at a developing country. The prowth of industry 

in the last hQ�dred years has been closely linked with the steady 

increase in the size of production units and with continuous innova

tions in technology . As a result , large scale and high technological 

sophistic�tion seem to be among the main imperatives of efficiency , 

and there have bee� very few incentives to explore other approaches 

which reconcile efficiency with small size and technical simplicity . 

In some sectors , such alternatives may well be viable, and in fact 

an increasing number of large industrial corporations are beginning 

to look into them. This is the case for instance ,  of several elec

tronics firms , of the automobile industry and of some food process

ing companies . The search fci industrial processes which are both 

efficient and small in scale is still in its early stage s .  Harginal 

as it is , this trend is nevertheless im�ortant , for it sugEests that 

such alternatives are economically and technically feasible , and well 

adapted to the local cond-itions in the de¥eloping countries. 

The dividing line between large-scale mo.iern technology and the 

small-scale technology is far from clear . I� feet , the choice offered 

to the industrialist , the government planner or the farmer is not one 

or the othe r ,  but rather a whole spectrum of technologies ranging 

from the small and sim�le to the large and complex. What the inter

mediate technology proponents are trying to do is to open un the 

spectrum and find solutions which are better suited to local condi

tions . The aim is generally not to replace the existing industrial 

system - as the term ' alternative technology' somewhat mislead ingly 

sugge sts - but to promote technological innovation in the areas where 

it has been , until now, either weak or ineffective. 

Another misconception about intermediate technology is that it 

represents a second-best , or inferior technology. The ox-drawn plough 

is certainly less complex than a tractor , the solar water heater may 

not be quite as flexible as the electric boiler and the cow-dung gas 

cooker makes little sense in a city where there are few cows and a 

well-organised distribution network for gas and electricity . To the 

educated and urbanised elite of the developing countries , such tech

nologies may indeed seem inferi or . But for the vast majority of the 

population , notably in the rural areas , which cannot afford the 

amenities of the consumer society 3nd which has been completely left 

out of the development process , they represent a big ste • .) forward as 
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well as a means t"l f  meeti1.1g in a more effective way some of the basic 
n�eds for food . health, energy and shelter . 

-�1-1"1 �unction of low-cost technology, however, i s  not only to 
__ f.: ,.... c � - .- .;,; ,_ needs in a more effec_,__�v � '�<ay but also to help initia�e 
'l -.,_ - 'CL' "' ' f  'ievelopment by st:imu:!. . ,tir ": t1.e innovative forces whi-::h 
!"xl.:! 1 r an_y , ·ommw!i ty. On$' I"Jf the :;� C .::--effects of industria lisation 

i .;;et:.r. -:.; !Ja�B.lyst these � _ <..€E , �i: ;_;;::- through competi tinn on the 
- _,...n.c·t pl i:i. _ e , ur I'l� .�e subtly 'by b:•::.r:,!i -& +.v light the growing gap 

:Jt ·,Jeen C'ad _ _  · o:,e ,_ tecluJo_ ogies a-;;d tf.o�e i"f ol:!J.c large industrial 
• What the intert:ledi-:; "--� l..Gchn�logy proponents are trying 

t0 a�.- if' to turn development into an autonomous process of innovation 
and c;;:·::Htfth from below. Socially and ideologically, this approach is 
very different from the idea of 'growth from above• which until now 
h.=.s la:cgely dominated the theory and practic:e of development . But it 
may well be more effective in getting as wide a number of neople as 
possible to take an effective p�rt in the development process . 

VII . DORMANT TECHNOLOGY AND THE INFORI•lAL SECTOR 

The scepticism expressed by many peopl� about appropriate tec�
nology is no less great than the enthusiasm end miss ionary z�al of 
its proponents , and it is difficult for an outgide observer to assess 
the e��ective imnortance of the appropriate technology movement and 
eva�uate i t s  achievement s .  The field of appropriate technology i s  in 
fact immensely wider than the activities of the various B;)propriate 
technology groups would suggest . These groups have in a sense crystal
lised the problem and brought it to the public attention, but the 
pool of appropriat.e tecimology which already exists in a number of 
developing countries goes fa._, beyond the new hardware and software 
which these groups have helped to develop . 

To put things in perspective , one should bear in mind the fact 
that the total amount of money spent on developing l3.nd diffusi;-;.g 
appropriate techn?logies on a world-wide basis by the organisations 
which view themselves as ' a ppropriate technology' institutions i s  
currently (1975) o f  the order of 10 million dollars a year . The yearly 
budget of VITA for instance (Volunteers in Technical Assistanc e ) ,  a 
U . S .  based organisatior. which is concerned primarily with the provision 
of technical assistance by correspondence to developing countries ,  
and which has been in operation since 1959 , was arou_ll.d $450 ,000 in 
1975 . The Intermediate Technology Development Group ( ITDG ) , founded 
in London in 1967 by Dr. E . F .  Schumacher, has an ar>.m.'al budget of 
some £80 ,000. Leaving aside the Indian appropriate tec.'mology organ
isations (notably the Gandhian Institute of Studies an� the Planning 
and Actio:g Research Instit:xte in Lucknow) ,  ITDG and VITA qre amcng 
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the oldest and largest organisations in this field ( l ) . 
Qf this expenditure of some 10 million dollars , less than half 

( i . e .  under $5 million) is spent on research and development . Compare 

this R and D expenditure with the 60 billion dollars or so spent on 

dev'"'loping new modern technologies . Given the time needed for an 

� and D programme to be translated into a viable innovation , and the 

difficulty o f  reorienting both men and resources to other priorities , 
it .t..s obvious that the appropriate technology movement as such cannot 

roak� & significant impact in the very immediate future . 

Alongside the information-diffusion and research activities of 
the formally organised appropriate technology grnuns , there are a 

number of organisations involved in fact if nQt in name in this area. 

These can be divided into three groups . First are the large modern 

industrial corporations which ha,,e developed new products or new 
technologies which in one way or another can be considered as particu

larly appronriate to the developing co,ntries . One example here might 
be the simplified plant for assembling radios and television set s , ·  

which was developed by Phi lips , the Dutch electronics firm . Another 

is the 'basic vehicle ' or the 'developin;: nations tractor' (mTT) f' 
Ford t1Jotor Company ( 2 ) . At the same time , a number of firms are 

developing soft technologies which are of particular interest to the 

industrialised countries : BoeinF, for instar.ce is anplying its aero

space technology to the development of new t}�es of windmills ( 3 ) . 
The second group includes a large number of public and especially 

private institutions working in such fieJ_ds as engineering, consulting, 
management assistance , information or the provision of services to 
sma�l industry . Although they are not concerned primarily with appro
priate technology , many of them have in fact developed appropriate or 
intermediate technologies. This is the case for instance of CE!'fDES 

( the Center for the Industrial Development of Ecuador) , which has 
contributad to the development o:f a smaJl s�ale inexpensive production 
technology for polyurethane flexible foam( 4 ) .  In Colombia , the 
Fundacion para el fomento de la investigacion cientifica y tecnologica 

(FICITEC) has developed an electricity generator based on a modified 

1 )  S e e  the articles by t>1 . K .  Garg , H.M.  Hoda and G .  McRobie in the 
second oart of this book . 

2) William o .  Bouri'i: e ,  "Basic V�hicle for Southeast Asia11 in Technology 
and Ecor.omics in International �evelonment , Agency for International 
Development , \'iashington , 197�.' . -: '3e also A . I  . D ' s  AnoroDriate Technolo
gies for International Develc�1.:-_,, e1t , Washington , 1 

3 )  "Tilting the Windmill s " , �. 1 July 1975. 

4 )  Victor Martinez , 11Specialised Information Services for Technological 
Innovations in the Less Developed Countries" , paper preDared fer the 
OECD Seminar on Low-Cost Technology , Pari s ,  1974 . 
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bicycle as well as several small machines for rural and cottage 

industries ( ! ) . In France , the Societe d 'aide technique et de co
op�ration ( SATEC ) has developed among other things a small rotery 

tiller(2) which is now manufactured by a wide number of village 
artisans in Madagascar. In Senegal . the Institut de recherche et 

de formation ( IRFED) has experimented with the use of plastic
covered roofs to collect rainwater in the villages of semi-arid 

zones ( 3 ) .  
Hundreds , i f  not thousands ,  o f  similar examples could be men

tioned here . The obvious conclusion is that the current innovation 
effort in appropriate technology is in fact considerably wider than 
generally suspected . The nature of the organisations involved is 

equally varied . It ranges from large multinational corporations to 
charitable organisations like Oxfam or the Christian Relief and 
Development Association(4) , from small companies making agricultural 
implements and machines to public development corporatiol�.:> like the 

National Industrial Development Corporation of Swaziland(5) . It also 
includes,  and this after tends to be overlcoked , the public and 
private aid agencies of the industrialised countries which have 

tried , and often been quite successful in developing �d introducing 

technologies which are particularly appropriate to local condit1ons(6 ) .  
For the moment , there is no overall inventory of the appropriate 

technologies developed by these orgs.::1isations , let alone any global 
or even piecemeal evaluations of t�e successes, failures and problems 
of innovation in this field. 

The two groups mentioned here - large industrial corporations 
and organisations such as SATEC , CENDES or FICITEC - represent what 
might be called the ' organised but peripheral ' sector in appropriate 

technology in the sense that their primary activities do not lie in 
the field of technological innovation . When trying to draw an over-

all - and necessarily very sketchy - picture of appropriate technology , 
onE must take into account a third grou� which might be described as 

1) Information supplied by FICITEC , Bogota. 
2 )  nMateriel agricole pour 1es cp�rations de d�veloppement : l a  houe 

rotative11 , Techrtioues et neveloopement , November , 1972 . 

3) P .Martin , "Technical Note on the Collection and Storage o:f Rain
water" (mimeo) , paper prepared for the OECD Seminar on Low-Cost 
Technology . 

4) Oxfam for instance has been involved in a very successful brick
making �reject in Northeast Brazil. The Christian Relief and 
Development Association set up in 1975 an Appropriate Technology 
Advisory Unit in Ethiopia . 

5) The Swaziland National Industrial Development Corporation has 
developed the 'Tinhabi ' ,  a simplified tractor with a diesel air
cooled engine . 

6) One case in point might be the cheese-making technology brought 
to Nepal by SWiss foreign technical assistance. 
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' informal ' or 'unorganised ' .  It includes individual innovators -
small industrialists ,  inventors and tinkerers - and an immensely l arge 
number of peasants , artisans.  teachers and tradesmen who have developed, 
transmitted , or who are currently using some form or another of appro
priate technology . 

This ' informal ' technological potential is not of course specific 
to developing countries . In the industrialised countrie s ,  most of tbe 
big technological innovations of today stem fron1 the organised R and D 
efforts undertaken in the laboratories of private industry and govern
ment and in the universities. The industrial laboratory however is a 
relatively recent institutional innovation which goes back to the end 
of the last century(! ) .  The Industrial Revolution started long before 
laboratories were set up, and many of the important innovations which 
contributed to transforming Western society , from the automobile to 
the aircraft , from the steam engine to the railway , originated from 
the innovative effort of individual inventors and entrepreneurs work
ing either alone or , when within an industrial firm, without the sup
port of a formally organised .o.aboratory. 

The same is still partly true today . In the industrial firm, a 
relatively important proportion of the innovations still stems :from 
outside the R and D laboratory , and the total research effort of a 
country as measured by its national expenditures on R and D tends to 
overshadow the importance of the ' informal ' innovation system. The 
large number of innovations which stem from this informal sector� 
small or big, inclltde incremental �hanges in oroductJ .. on methods, new 
forms of organisation, rediscovery of t. 1 .. d knowledge , transfers cf 
technology from one sector to another or the better utilisation of 
existing resources . 

In developing countries, the ' formal ' innovation system, as 
institutionalised in the research laboratory, is very small , and con
tributes proportionately much less to innovation than in the indus
trialised countries . However , apart from this ' formal ' innovation 
system , which belongs to the modern sector , there is in a11 develop
ing countries a large ' informal' innovation system represented by 
thousands of small industrial workshops ,  individual entrepreneurs , 
ir�ovative farmers in the rural communitie s ,  and institut1onal entre
preneurs in the service sector ( e . g .  missic:narles , charitable orgar:.---
isations,  private association s ,  money lenders, etc . ) .  This 'informal '  
sector represents a vast pool of technology , both in' har6.w�.re and 
software , which i s  often relatlvely simple ,  but which plays a.Yl 
immensely impor�ant part in the economic system . 

1 )  An interesting history of the growth of industrial laboratories 
can be found in W. Rupert Mac Laurin, 

.
�I�n�v�e�nt:t�>�· o9n��an�d;--,I�nnG�o�v:'Ja�t�i[oJn�·�<n�

I:Sl!. the Radio Industry, Macmillan , New Yo
.
�k ,  1949. See also The Research 

System, Vol. f ,  II and III , OECD , Paris 1972�1974. 

- 39 -



The technology of this informal sector is more sophisticated 
than the traditional technology inherited from the past , but less 
capital- intensive and generally more simple than the technology used 
in the modern sector . Its very survival and development , despite the 
strong competition from modern technology , testifies to its appro
priateness and its vitality . Two or three examples can be given here 
as illustrations . One is the case of a Philipino entrepreneur who 
huilt up a starch separation plant using as only equipment 10 , 000 
dollars worth of' second-hand washing ID3chines .. The efficiency of his 
plant was so great , and his production costs so competitive , that 
the 1 effic:.ient ' one and a half million dollar plant set up in the 
same r�gion had to be closed down(l ) .  Another case is that of a small 
Algerian factory �aking first class razor blades with completely ou�
dated equipment . A modern plant , imported from abroad , would ��doubtedly 
look much better , but stands little if any chance of o·..1tcompeting the 
appropriate technology of the indigenous :plant( 2 ) .  In Pakistan , 
there are several small pump manufacturers who have not o�ly survived 
but also managed to improve their technology without any help from the 
government planners , without any access to the cheap credit facilities 
accorded to modern industry and without any opportunity to purchase 
the inexpensive imported raw mater-ials which are channelled in priority 
to the modern sector ( 3 } . In Thaila..Tld , the sea water which is left to 
evaporate in the large salterns south of Bangkok is p11mped by dozens 
of small wir.dm�lls (the technology was apparently brought by the 
rutch in the 17th century ) which are economically competitive and 
technologically well-adapted to the local environment . 

Thousands ,  if not millions of similar examples can be found 
throughout the developing world . This vast pool of appropriate tech
nology has never really been surveyed , anct few if any systematic 
attempts have been made tc facilitate its diffusion , even at the 
local level , improve it where possible and integrate it into a 
national development effort . This technology , which represents an 
enormous potential resource, is to a large extent an unexploited , 
or dormant resource . It plays an immensely important role in the 
surv·:val of thousands of s.onall and medium-size entreprises artd helps 
provide its customers with products and sezovices, whic!l would other
wise not be available . Yet it is almost totally neglected by national 
planners and policy-makers . 

2) N .  Jequier , 4v�e"r;;s'-,..!����"-';�-l'-'*''-'o(!....!;.!��;"o:ilf;oO,E....::,....:.."""-� l ' Algerie (mimec 
3) Edgar Owens and Robert Shaw, Development Reconsidered - Bridging 

the Gap Between Government and People , D . C .  Heath and Co . ,  
Lex�ngton, 1972 .  
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This technology , apart from its economic importance, has a 

psychological and cultural role to play . It represents an indigenous 

technological creation , and in many cases adaptation , which testtfies 

both to the invent iveness of the local artisans , entret>rene·::'s and 

tinkerers and to their capacity for develouing ennrovri�te tech!:ologies. 

Its promotion can give developing countries a greater rezpect for 

their own creati:ms and show that they also are capable of initiating 

and mastering the Processes of technological innovation. 

Technolo�:.'ir::a.l innovation is not only a question of money or 

tech.'"lical knowl�dge but also and ;Jerhaps even more o f  psycLologio...:al 
self-confidence . This applies to individual entrepreneurE as much as 

it does to nation s . What massive imnorts of the most m•.:>dern technology 

� done to developing countries is not so much to dis��t the economic 

basis of their traditional industries as to undermine the self-con

fidence of the local innovators and the resnect of the national policy·· 

makers for indigenous innovat ions . What 

the wider the gap 

is foreign hns con.c to h� 
between the existing indl-viewed 

genou.s 

a& better , and 

technology and the imported modern technolopy , the greater 

the loss of self-confidence . This lo�s of confidence almost inevitably 

trans::.ates into a declirle , or even d i sappearance of the �apaci ty to 

innovate in an autonomous way . 

This problem of self-confidence is amon� the most complex that 

policy-makers , and in particular the author:.ties re sponsible for 

industrial and tecb.nological innovation, have to face . It touches 

not merely on technology in the narrow sense of the word , but on such 

things .J.s values , traditian� and a society ' s  image of' its place in 

the world . It is interesting to observe that some of the nations 

lthich, in modern times , have been the most innovative from a scien

tific and technological point ot· view - F·rance in tht> eightee�th 

century , England in the nineteenth century , Germany between 1370 and 

1940 or the United States today - a�P also those which at the time, 

were at the height o f  their political power . In these cases , scien

tific and technological suuremacy can be viewed as the cultural mani

festation of political supremacy and , in a more subtle way . as the 

expression of' a nation ' s  self-confidence . 

But the oppoEite can also be true . Witness for instance Fran�e ' s  

tremendoua artistic ,  cultural and scientific vitality in the four 

decades that followed the disastrous defeat o f  18?0, Engiand � s  scien

tific creativity today , or J-apan and Germany ' s  industrial dynamism 

after 1945. A sudden shock like military defeat or political retreat 

can in fact have the same stimulating influence on a society a s  

political success . I n  this sense , innovation seems t o  b e  linked not 

simply to self-confidence as such, important as this may be , b�t also 

to the cultural and psychological 9rocesses through which a society 

tries to rebuild the sel f-confidence which was shattered by defeat , 
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or, as in the case of the developing countries today , by foreign 

colonisation . 

Viewed in this pe rspective , the appropriate technology movement 

has a major social function to fulfil . Not simply , as one may some

what naively believe , merely to develop and diffuse new and more 

appropriate technologies , but more specifically to build up the self

respect and self-confidence of potential entrepreneurs and innovators 

in th� developing countries, or for that matter of the less favoured 

communi ties ar.:i ethnic groups in the industrialised countries theM

selves . 

One of the bases for building up this self-confidence is the 

vast and largely ignored pool of existing appropriate technologies 

which can be found in every developing country . This technology is 

seldom glamorous , its social and political visibility is poor, and 

those who use it have none of the social prestige which attaches 

even to the most menial work in the modern sect-_.,!' . A large part of 

it belongs to the world of what the French call ' bricolage ' ,  but one 

must not forget that much of the Industrial Revolution was due to 

the work of �inkerers . artisans and 'bricoleurs • .  and not only to 

mode� science and high technology. This technology is for the most 

part a dorm��t resource ,  and one of the basic aims of a national 

strategy should be to turn tl:.is dormant wealth into real wealth ( l ) .  

1 )  The 
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Chapter 2 

THE INNOVATION SYSTEM IN APPROPR:�TE TECHNOLOGY 

With the wisdom of hindsight , the story of successful innovations, 

be they industrial or agricultural , would seem fairly straightforward : 

the need or demand for a new product or service leads to the develop

ment ¢f a new technology or a new form of organisation to meet this 

need . Since the innovation presumably corresponds to a pre-existing 

demand , it will then diffuse widely throughout the economic and 

social system , and further stimulate demand . That the process is not 

quite so simple can be gauged from the fact that the great 

majority of innovations end up in failure . Success in efrect is the 

exception rather than the rule , and a national strategy for the 

development of appropriate technology must take this into account . 

'.l'<Jo &pproac!':l.es can be �Wvisaged here � The first is to help 

increase very substantially - by one or two ord �rs of magnitude at 

least - the total number of innovations in intermediate technology . 

Even if the proportion of failures remains the same , the global 

impact will be much greater than it is now. The other approach is 

to try to reduce the incidence of failure through a more systematic 

identification of the factors which contribute to the success of 

innovation . Both approaches are of course much easier to state on 

paper than to carry out in practice . Before trJing to outline some 

of the measures which might be .;.aken in the framework of an innova

tion policy for intermediate technology , it may be useful to take a 

closer lovk at the innovation system in general , and in particular 

at that part of the innovation system which deals with intermediate 

or appropriate technology . Which are the main components of the 

innovation system? Is innovation necessarily non-egalitarian? Why 

is the market so receptive to certain types of innovation and not to 

others? How and by whom are the needs and opport1mities for iml-ova

tion identified? 

I .  THE COMPONENTS OF THE INNOVATION SYSTEM 

One of the basic principles o f  the various appropri�te �echnology 

m,ovements is that their new products , technologies or services should 
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be aimed in priority at the poorest and most underprivileged segments 
of the population . The assumption, which can be verified in a number 
of cases is that the inr.ovation system is oriented mainly towards the 
urban population and those p�ople who have the highest income and not 
those social g!"OUps,  particularly in the rural areas.which are in 
greatest need and stand the most to gain from technological innovation . 
What the apprcpriate technology proponents are trying to do is �o 
change this state of affairs by building up a parallel , or complemen
tary , innovation system aimed in priority at the most underprivileged 
groups . 

The difficulties involved are considerable and their magnitude 
can be gauged from a comparison between an innovation system which 
works rather well - that of the industrialised countries of the OECD 
area - and the innovation system in a typical developing country . 
One of the most conspicuous components oi· this s·-,-stem in the indus
trialised countries is the research and ��evelopment capability . Today. 
we know quite a lot about the ways in which to manage R and D both 
at the corporate and the na·tional level , and Alfred Whitehead observed 
quite rightly that the greatest invention of the nineteenth century 
was the invention of the method of invention(l ) .  However , R and D 

leads to innovation only if it feeds di�ectly or indirectly into the 
production process through a complex set of managerial , organisational 
and motivational link s .  Innovations at the production level - in the 
form of new �roducts or new processes - must in turn be linked with 
market demand , and they stand little chance nf widespread diffusion 
if there 1s not a real need for them . 

In order to function effectively , the ir..novat.ion system requires 
in fact much more than an R and D capability, a well managed produc
tion system and a close link with market demand . It needs an educa
tional infrastructure to supply the qualified manpower, a credit sys
tem to finance the risks of innovation and the costs of investment , 
a transport and distribution network and , even if it i s  not called 
by that name , an intelligence or information system. But perhaps most 
important of all , it requires a reward system: no entrepreneur is 
willing to launch a new product on tbe market unless he has some 
prospect of making a profit , and the same is true of the farmer who 
buys a new agricultural machine or decides to cultivate an improved 
variety of wheat.  

The reward system, which is institutionalised - somewhat imper
fectly - in the price mechanisms9  has both a positive and a negative 
dimension: the incentive to innovate is not always and only the pros
pect of a profit (positive reward ) ,  but also and very often the fear 
of being eliminated from the market (negative reward ) .  The reward 

1 )  Alfred N .  Whitehead , Science and the Modern World , London , 1926 . 



systeM operates both at the priva�e level - £or the individual entre

preneur , farmer or industrial producer - and at the public level . 

Government policies, and innovations fostered by the action of govern

ment , are motivated not merely by economic and social rationality, 

but also by political needs - to satisfy particular constituencies, 

to avert social troubles, or even simply to survive . The price 

mechanism, in this case , is translated essentially into political 

risk , from industrial stri!:es to coup d' e'tat, from defeat at the 

next election to revolution . 

The proponents of appropriate technology are addressing them

selves to countrie s ,  societies and soci,ll groups where the ilmovation 

system, or parts of it , are weak , ineffective , incomplete or in a 

state of lethargy . The great difficulty is not so much to develop 

new technology, complex as this may be, as to build up a more effec

tive system. The problems which have to be solved are extremely 

diverse. 

The first is the absence , or rather the relative weaknes s ,  of 

technical invention . None of the existing appropriate technology 

groups presently have the equivalent of the industrial firm ' s  R and 

D laboratory , even though several groups linked with universities 

have developed, or are beginning to set up, something rather similar 

in the form of appropriate technology or rural development units(l) . 

All societies have at one time or another in their history displayed 

a great degree of techni�al inventiveness , as witnessed by the 

eliormous stock of trad1tional technology which was built up over the 

centuries and which is still used today. This capability howev�r lies 

for the most part unorganised , and the reward system which could 

encourage its development often tends to operate as a disincentive . 

One example of these problems is the story of the 5 , 000 small shoe

makers who were suddenly put out of business in one large developing 

country as a result of the construction of a modern plastic shoe 

�actory. These craftsmen could almo�t certainly hav� improved their 

technology, given a certain amount of technical support and a tangible 

financial reward . This example incidentally points to one important 

problem - that of rapidity. Success in innovation depends very much 

upon timing 7 yet thP people and the social institutions which have 

the potential ability to develop new technologies often find it 

impossible tv keep up with the pace of change imposed by competition 

from the industrial sector . Time is a resource, and there is little 

doubt that if greater attention were given to its exploitation , the 

innovation system could be made more efficient . 

1 )  One good example is the Rural Development Group of the University 
of the Andes in Bogota , Colombia .  See the papers by B . A .  Ntim and 
J .  Powell , and by Rufino S .  Ignacio in the second part of this 
book which describe the R and D activities of Kumasi University 
in Ghana and Mindando State University in the Philippines . 
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The second diff.iculty in building up an innovation system is 

the absence of an equivalent o£ the industrial firm , with its insti

tutionalised commitment to growth , its ability to take risks and its 

mastery of large-scale production processes . The successful village 

artisan may employ several people, but the transition to an industrial 

scale of operations is very difficult , and the small firms or work

shops which can be found in the urban areas very seldom grow into big 

enterprises. Government policies to support small industry , while 

perfectly justifiable in their own right , often contribute indirectly 

to making this transition to larger scale almost impossible .  Ths 

fiscal advantages for instance which are made available to companies 

with less than 50 employees (a typical figure ) disappear as soon as 

the manpower roll exceeds this figure , thus creating a sudden and 

almost insuperable handicap which serve� as a very effective disin

centive to further growth. 

The third difficulty is the absence of a marketing and distri

bution system . The farmer can often increase his production very sub

stantially ; but it makes little sense for him to do so unless there 

are roads and trucks to transport it to the consumption centres ,  as 

well as storage facilities on the farm or in the neighbourhood which 

allow him to keep the products £or sale at a time when prices are 

favourable . As for the village artisan or the small ind11strial enter

prise , they can only work for the local market and have no possibility 

of expanding their activities i f  there is no effective distribution 

system ( ! ) .  The same difficulties arise with -The supply system. The 

raw materials used by the farmer, the village artisan or the small 

firm are expensive b � cause of transport difficulties , the small size 

of their orders and the high cost o£ energy . In the innovation system 

of the highly industrialised countries and to a lesser extent in the 

modern sector of the devel oping countries, the situation is much more 

favourable : the cost of energy ( e .g .  electricity or oil) is relatively 

low, and the same for everyone , the transport system works well and 

there are well established distribution , market�_ng and supply network s .  

A fourth difficulty i s  the weakness o f  the financial infrastruc

ture . Large firms can get low-interest bank loans , but the farmer or 

the small entrepreneur who seldom has any collateral to o£fer, must 

borrow from moneylenders at exorbitant rates ( 5  to 10 per cent per 

month is a common figure ) ;  su�h loans are usually short-term in 

nature, which makes it im:�ossible to run any risk or to engage in 

any venture which does not have an immediate and very high pay-o££ . 

Furthermore , the government ' s  economic and technological policy o£ten 

1 �  An analysis of these prv<Jlems can be found in the paper by M.K. Garg , 
11The Upgrading of Traditional Technologies in India: Whiteware 
Manufacturing and the Development of Home Living Technologies" in 
the second part of this book . 
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works to the detriment of all but the largest and most modern f�rms . 

The latter which are well organised, politically visible and economic

ally important can lobby successfully for higher import duties,  cl'!eaper 

raw materials or special allocations of foreign exchange . Since in 

fact many of them have been set up by the goverr�ent under the aegis 

of a national plan, the bureaucracy is politically and psychologically 

committ�d to their survival , and therefore prepared to grant privileges 

and advantages far in excess of what normal political lobbying on the 

part of their managers can even hope to obtain. Farmers, small firms 

or village artisans , who are unorganised, geographically dispersed 

and poli�ically marginal , do not have the same advantages .  In one 

country bordering the Indian Ocean, small innovative entrepreneurs 

find it almost impossible to import the single pieces of foreign 

machinery they need for stripping apart in order to build up their 

own technological capability through imitation. At the same time , 

large amounts of foreign currency are allocated for raw materials and 

new equipment to the large-scale moiern industrial firms, many of which 

were built up in co-operation with foreign enterprises(! ) .  

What these few examples and general observations suggest is that 

innovation is not simply a matter of n�w technology , even though 

teclmology can be vitally important . Innovation is part of a system 

and it can take place only to the extent that the components, or sub

systems , function in an effective way . The great difficulty here is 

that while we know more or le�s how to invent , develop and produce 

new pieces of hardware , we know very much less About the ways in which 

an innovation system can be built up , and how the different subsystems 

interact with one another . In many cases, these subsystems and their 

interactions are more important than the new hardware itself. 

The difficulties encountered in the introduction of we�� tested 

and apparently simple new technology like the ox-drawn plough in 

certain tropical African countries illustrates this clearly at the 

level of the individual farmer or the small community(2) . First is 

the cost of the animals :  20C dollars - the typical price for two 

oxen - is a .. ,ery la·::-gG sum of money, even for a well-to-do farmer. 

This means that hr �annot finance the investment with his own savings , 

even less with a loan from the traditional moneylender. He must there

fore have access to some other form of credit which may not yet exist � 

1 )  Such a situation is very frequent in developing countries with a 
rigid planning sy�tem. See the paper by P.D.  Malgavkar , "The Role 
of Techno-Entrepreneurs in the Adoption of New Technology" in the 
second part of this book . 

2 )  This example is based on a study of the Ombessa Project in the 
M'bam province of Cameroon and nn a number of field reports from 
other Black African countries prepared by students of the Pan
african Institute for Development in Douala. 
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Training the oxen to walk in straight lines and respond to simple 
orders takes time, patience and skills which generally cannot be 
acquired locally. If the animals are worked for several hours a day , 
they cannot be left to forage for their own food as all other animals 
usually are. This means that the farmer has to produce fodder, which 
requires a lot more work ; he must also be in a position to store it , 
��other majo1 problem in tropical cli�ates .  The iron plough . the 
harrow and the s�eder, which cost a lot of m�ney , are seldom manu
factured locally, and if there i s  no village blacksmith around , they 
car�ot be repaired when required. Production, desplte these problems , 
can often be increased in a very significant way, but this is irrele
vant if there is no way of storing the surplus and the economics of 
the whole �nnovation becomes questivnab:e if the entrepreneurial 
farmer cannot market the additional output at a fair price. 

I I .  INNOVATION AS A DIFFERENTIAL PROCESS 

The process of innovatio� , be it social , cultural or technolog
ical , is by nature a differential process . The farmers who are the 
first to purchase a new type of machine , the industrialist who laur-ches 
a new product or the family which turns to a new religion represent a 
very amall minority in their community , and it takes years if not 
decades before the innovation they w�re the first to adopt or to 
develop becomes widely accepted . These innm.-ators , who often happen 
to have close links with the outside world play the role �: ' gate
keepers ' in the innovation process(!) . Their social function is to 
test the innovation and serve as a first filter in the innovation 
process . If they are successful , the innovation will acquire the 
social and economic legitimacy which is essential to its widespread 
diffusion . 

The differential nature of the innovation process means that 
those who , because of their poverty , their lack of education , their 
inferior social position or their poor professional qualifications, 
stand the most "to gain from innovation , are in fact those who benefit 
from it last of all . Innovation first reaches those who are capable 
of paying fer it and those who , for cultural or social reasons , have 
the greatest ability to absorb it . This phenomenon can be observed 
in coun�less instances , from medieva: �Jrope to contemporary Asia, 

1) S e e  Thomas J. Allen, "Communications in the R and D Laboratory" , 
Technology Review, Vol .70, No . l ,  October/November 1967 and J.M. Piermeier and F .  Cooney "The International Technologic&! 
Gatekeeper·'' . �· ,  Vol .73,  No . 5 ,  March 1971 . 
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from agriculture to industry , and from religion to ideology(! ) . 

Innumerable efforts have been made by governments,  private 

assocJations , politL::al groups and other institutions to correct 

this state of affairs. In the medical field , by building up public 

health servicas for those who cannot benefit from the continuous 

innovations which are taking place in the modern sector �f high

techn�l�gy med�c1ne(2 ) .  In the educational field , by investing rela

tively large sums of money in underprivileged Communities . In the 

�ndustrial field , by supporting small enterprisest subsidising 

development in the p�ripheral and poorer regions , and by fostering 

the redeployment of industry away from the big centres . These objec

tives have in most countries been instiTutionalised by government 

through the taxation system and the eocial security services. 

The proponents of appropriat� technology are trying to do the 

same thing at a somewhat diff@rent level, namely, to introduce a 

greater equality or fairnees in the development process by focu�ing 

in priority on the soci�l groups which for various reasons have been 

by-passed by the social and technological innovations which are 

needed , but which they cannot afford . 

The great, difficulty is that this objective of equality , or 

fairness, stands in opposition to the differential and unegalitarian 

nature or the innovation process . Innovators or inventors are people 

who are prepared to take certain risks , and one of the social func

tions of the first recipients of an irUlovation is to underwrite the 

risk which is inherent in the use of a new product, a new technology 

or a new way of doing things. The first innovators pay a high price 

for the new product they have purchased, but at the same time , they 

often gain social prestige, quite apart from the convenience of the 

innovation itself. What this means is that i£ innovations in inter

mediate or appropriate technology are to reach the widest number of 

people. the risk must be minimised or socialised. 

A poor farmer who has been persuaded by a well intentioned 

extension officer to buy a small insecticide sprayer for instance, 

must be absolutely sure that it will bring in big and immediate 

benefits ;  if it breaks down , he will have lost not only a lot of 

2 )  One interesting example of this is the training of ' all-purpose' 
doctors in Cameroon . See "Cameroon ' s  New Kind of Doctor" , 
Develo¥ment Forum, October 1975 . These all-purpose doctors are 
In fac the equivalent of the Chinese 'barefoot doctor' or the 
Russian 1 feldscher 1 •  
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money, but also much of his confidence 1n new technology and in the 

wisdom of the extension agent . The small handcarts whose diffusion 

is actively promoted in the rur�l 8!eas of tropical Afrlc a ,  must b e  

sufficiently strong to withstana the exce5sive loads that are piled 

onto them J and their wheels must be designed in such a way that the 

cart does not get bogged down in the forest tracks during the l'air;:r 

season . 

These two small but very typical examples suggest that the 

design of an intermediate or appropriate technology , con�rary to 

what is generally believed , i� often very complex from an engineer

ing point of view. In fact , the weaker the innovation system and its 

components ( e .g .  repair services , educational level of the users , 

credit facilities , transportation network , etc . ) ,  the more important 

the reliability and economic attractiveness of the hardware. The 

most appropriate tec��ology is the one which entails the least risk 

for its user: poor people cannot run any risks . 

The range of technologies which meet this criterion of low risk 

and high rel�ability is not at present very wide and there are strong 

indications that the appropriate technologies which are currently 

available in soce part or another of the world include a high pro

portion o.f products ,  processes or servi ces which are still largely 

untested or which , if already tested, are still too unreliable to 

make an effective impact . The hi story of the cow dung gas cookers 

in India is in this respect very instructive . Development work has 

been going on for almost forty year s ,  major strides have been made 

in their design but , as M . K .  Garg has shown, their cost and reliability 

are still not what they should be , and their diffusion as a result has 

been liruited ( l ) .  In fact , most of the technologies developed by appro

priate technology groups are still in the experimental phase, and a 

much �lder and more comprehensive effort is required to make them 

truly competitive in terms of the environment at which they are aimed . 

By contrast , the appropriate technologies developed in the informal 

sector by local entrepreneurs and craftsmen have for the most part 

already withstood the difficult test of practical application , as 

the cases o.f the Pakistani pump manufacturers or the F!lilippino 

starch separation plant mentioned earlier clearly show . ;fue::. evalu
ating the technological potential of this informal sector, account 

must be taken o.f the fact that its products and processes are often 

a more viable proposition than the experimental and untested tech

nology of a newly-established appropriate technology group . 

The d ifferential nature o.f the innovation process and the fact 

that the risks of innovation are normally underwritten by the first 

1 )  S e e M . K .  Garg: 11The Upgrad ing of Traditional Technologies in 
lndia : Whiteware Manufacturing and the Development o£ Home Living 
Technologies11 in the second part of this book . 
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and relatively af£l�ent users of a new technology has an important 

implication as far as national policies for appropriate technology 

are concerned . If new products ( e . g .  agricultural machines, durable 

consumer goods , etc . )  are all imported from abroad to meet the needs 

of the succes�ful farmers or the educaT.ed urban consumers , local 

inventors, innovators and entrepreneurs will as a result find them

selves cut off from any access to this initial market represented by 

the people who have both the ability to pay for a new technology and 

the aptitude to withstand risk. These imports in eXfect preempt the 

market which is so vitally important to the initial success of any 

new indigenously-designed technology and local innovators a�d entre

preneurs have to turn to customers who have less money and a lower 

propensity to take risk s .  Importing foreign-made tractors �or instance 

may well be ecoLomically justifiable , but the market represented by 

the first �armers who have bought them will as a result be closed to 

the local manufdcturers who desperat�ly need this initial market to 

build up their technical capability . 

I I I .  PUBLIC TECHNOLOGY AND PRIVATE TECHIIOLOGY 

The problem facing the appropriate technology movement is not 

only to develop new technology, b�1t also to build up an innovation 

system. This can be tackled from two complementary angles: production 

end consumption. Production or supply is represented by the inventors 

and entrepreneurs who develop a new technology , manufacture a new 

product or provide a new type of service .  Consumption or demaLd i s  

represented by the people who will be buying o r  using these new 

products and services . These two aspects are closely inter-linked and 

any attempt to build up an effective innovation system must consider 

them simultaneously . There is little point in developing a new tech

nology , however ingenious or appropriate it may b e ,  if no effort i s  

made at the same time t o  develop a market for it . In fact , most inno

vations end up in failure because of this very weak�ess in marketing. 

However , it is somewhat naive to believe that success or failure 

is determined principally or exclusively by missmatches between demand 

and supply, or technology and the market . Turning to the developing 

countries , one can observe that the innovation system, which in some 

areas appears very ineffective and sometimes totally paralysed , i s  

i n  some other areas very effective. Witness for instance the very 

rapid diffusion of products such as transistor radios , watches ,  metal 

household goods , mechanical sewing machines or Western styles of 

clothe s ,  the eagerness with which farmers in tropical areas make the 

transition from thatched roofs to tin roofs , or the amount of work 

which goes into saving up enough money for the purchase of a second

hand automobi�e . 

- 51 -



The receptivity of the market to certain types of products or 
tec��ologies is not simply the result of clever manipulations on the 
part of advertisers or the symptom of cultural imperialism on the 
part of the industrialised cou.�trie s .  Rather it is because most pro

ducts of modern industry correspond to a very real need . They are 
reliable , easy and convenient to use, relatively ine:x.peEsive and meet 
a need which traditional products and technologies either cannot meet 
at all (as in the case of the transistor radio or t� � sewing machine ) 
or cannot meet in as convenient a way . The tin roof lasts for ten , 
twenty or thirty year s ,  depending on quality, while the thatched roof, 
which often leak s ,  has to be redone almost every year. As for the 
motor boat , it is  infinitely more convenient than the traditional 
row boat or sail boat . Even in the most remote regions of the tropical 
countries , the poor farmers who grow coffee find it �uch more practi
cal to use instant coffee rather than go through the tedious and 
rather complex work of preparing a drink from their own crop ( ! ) .  

The remarkable receptivity of the market to mcdern products of 
this type is a very important social and cultural phenomen�n . Yet 
i�s significance tends to be overlooked both by national policy makers 
and by the appropriate technology proponents .  For the former ,  these 
products and technologies appear much less interesting or important 
than steel mills , dams , petrochemical plants or universities. For 
the latter , they are all too often seen as the very expression of an 
industrial society to which they are seeking an alternative . 

The rapid diffusion of these types of products and the eagerness 
with whicr they are accepted by the market is due only in part to 
their competitiveness , to the prestige which is associated with their 
use or to their immediate and measurable usefUlness . Another reason 
is that they belong for the most part to the private economic sphere 
of man : the pl'rchase of a transistor radio , a sewing machine or a 
tin roof for instance is a decision which is taken by the individual 
or his family on the basis of his own resources and ability to pay . 

When it comes to something like � village water distribution 
system , a sewage system or a new type of crop, the decision to inno
vate is no longer in the hands of the individual ,  however directly 
he ma_y be involved . Decisions of this type require some form of social 
consensus which is ffiUCh more difficult to achieve than consensus within 
the f�ily. In the industrialised countrie s ,  the far�er can choose, 

within certain limitation s ,  the type of crop he wants to grow. In 
traditional societies where land often belongs to the community, or 

1 )  This problem of receptivity to certain types of innovations and 
not others has been noted by many observers . One of the most 
perceptive analyses of this problem is Peter Drucker in "Modern 
Technology and Ancient Jobs" , Teclmology and Culture , Vol .rl, 
No . 3 , Summer 1963. 
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where it is attributed on a temporary basis to the individual in 
accordance with tradition , family ties or social standing , the 

farmer t s  decision is in fact dictated to a large extent by the com

munity , the village elders and the extended family . This means that 
any new technology in this field is subject to a much tighter filter

_ng system. Introducing a new piece of infrastructure is equally 
complex: not only because the total price is relatively high , but 
also and especially because it involves changes in the village ' s  
patterns of living , and legitimation through some form of soci� ... 
consensus . 

When considering the problems of innovation in appr�priate 
technology , it might be in fact useful to make a ba��-;,: distinction 

between three types of technology : 
- Private technology, which often takes +�1e form of cons!tmer 

goods and especially durable conSWJI';;r goods (the tin r-oof, 
the rad i o ,  etc . )  and whose intr��uction depends almost 
exclusively on the decision �l the individual and his familYi 

- Community technology whic'". includes not only basic infra

structures like water �:.uppli e s ,  education , transport network a 
or drainage system� , but also most of the produc�ion technol
ogies of the in�_ ... vidual farmer or craftsman . Infrastructures 
are by natur� a community technology, but so are most of the 
productio� technologies since they touch upon the community ' s  
collect�ve goods (land , water, economic relations ,  30cial 
stru�tures , etc . ) ; 

- ��olic technology represented by the large industrial firms 

which produce consumer goods or capital equipment ( steel mills, 
fertiliser plants , etc . )  and the national institutions �hich 

supply certain baa.i.c services (railway transportation, elec
tricity distribution , higher education , credit system, etc . ) .  

Obviously this distinction between the three types of technology 

is somewhat arbitrary, and the line between them is seldom absolutely 
clear . The public technology sector for instance �reduces not only 
public goods ( e .g. roads or education) but also consumer goods whose 
purchase depends almost entirely on private decisions . 

The only function of the distinction at this stage is to suggest 

that the innovation system does not function with the same efficiency 

in ea�h of these three sectors . In the private technology sphere it 
generally operates quite effectively and rather rapidly. The same is 
largely true in the public technology sector. The decision to invest 

in large-scale plants or big infrastrt�ctural projects are taken by 
the central government , often with the assistance of foreign technic
ians , and the effective resistance which faces such innovations is 
generally limited . In feet , the less democratic the political . system, 

the easier it is to build up the public technology sector , and in 
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this re�pect central planning , under the aegis of which such innova

tions usually are introduced, is fundamentally undemocratic since 

there is no public control over the decisions taken by the techno

crat s .  

In most developing countries , that part o f  the innovat ion system 

which func�ions least well of all is the one which deals with commun

ity technology . There are a number o f  reasons for thi s .  First i s  the 

fact that, unlike what happens in the private technology sphere , 

there is no �ffective pricing mechanism: it is virtually impossible 

to put a price tag on such products as a feeder �oad , a village-level 

energy system (e . g .  f>Olar pump or methane gas producing unit ) or a 
water distribution system which replaces the individual well . This 

problem of price is ir� fact somewhat more complex . Every product , 

every service and every tecru1ology Pave a price , a cost and a value . 

In the private technology sphere , there is some sort of equilibrium 

between the thre e :  the consumer is willing to purchase a product if 

the price corre.!iponds to his assessment of its value to him, and the 
producer fixes his prices according to his costs and on the basJ.s o f  

what he �hinks the customer is prepared to pay . In the community 

teclmology sphere , the balance is much more difficult to achiev e .  
Value 1 s  determined not only by economics , but also by social norms , 

and the consensus which is required in order to take a decision acts 

as a very effective barrier against innovations which may be very 

useful , but which are toe new or too different from the sta�dard 

practices. Costs are very difficult to allocate on a collective basis: 

those who pay the largest share of thP. cost often expect to receiVe 

more than propo�tional benefit s �  Finally , the pricing structure often 

bears little relationship with effective costs: community technology 

is either underpriced relative to its cost ( a s  in the case of education 

or agricultural extensio� services) or overpriced ( e . g .  health or 

transport ) , and it is almost impossible to establish a fair balance 

between cost, price and value . 

The second reason for the weakness of innovation in community 

technology is that unlike what happens in the par�s of the public 

technology sphere , detailed planning and central decision-�aking is 

virtually impossible . Economic analyses can shew that a country needs 

an automobile factory , a big hydroelec�ric dam or a fertiliser plant . 

But it is practically impossible to �lan in detail the requirements 

of every village and community in a country and make valid trade-offs 

between a wide range of possible project s .  A third difficulty is that 

a relatively large part of Pny colll!li.unity technology is composed o f  

software rather than hardware, wh�ch is inherently muct. more complex 

and difficult to manage and control . 
'l'he appropriate technology movement is concerned primarily but 

not exclusively with community technology . What is the role of such 
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groups in the innovation system? How do they identify the demand for 

innovation? What are their motivations? And how do they perceive the 

need for innovation? 

IV. THE ROLE OF THE APPROPRIATE �ZC�OLOGY GROUPS 

The organisations which are present!�· pl aying the most active 

part in the development and diffusion of new appropriate technologies 

can be div�ded into t�ree big categories : 

- Higher education institutions ,  or rather , small groups which 

originated from and are closely linked with such institutions ,  

like Kumasi University in Ghana , Mindan3o �tate University in 

the Philippines , the University of �he Andes in Colombia or 

the Technische Hogeschocl Eindhoven in the Netherlands ;  

- Governmental , pri� ate or semi-public organisations specialised 

in intermediate technology and working primarily on a national 

basi s ,  like the Appropriate Technology Cell o f  the Ministry of 

Industry and the Gandhian Institute of Studies in India , or 

the Appropriate Technology Centre in Pakistan; 

- t:ful tinational groups or research centres , like the London

based Intermediate Technology Development Group ( ITDG) , 

Volunteers in Technical Assistance (VITA) in the United States 

or the International Rice Research Institute ( IRRI ) in the 

Philippines .  

$ These organisations all play a major part in identifying the 

needs for appropriate innova1 ions . Most of them are actively involved 

in the dev�lopment of new hardwere or software . Few oi them, however , 

are directly engaged in manufacturing activities . The International 

Rice Research Institute for instance has developed many new types of 

agricultural equipment specifically suited to the small holdings of 

lo¥.-� ncome farmers in Southeast Asia. Once developed , the technology 

is trcd;.sferred to local manufacturers and entrepreneurs who , with the 

assistance of the Institut e ,  turn it into a viable · industrial and 

commercial venture ( ! ) . In the same way , the home living technologies 

developed by the Sta-te Planning Institute in Lucknow , India ,  are 

brought via a very effective extension service to the local craf'tsmen 

who play the role of small-scale manufacturers and sale$men ( 2 ) .  

The appropriate technology groups play in effect the role o f  a 

mertiator in the innovation process . In the innovation system of the 

highly industrialised countries , there is no need for a mediator :  the 

1 )  S e e  the paper by Amir U .  Khan , 11Mechanisation Technology for 
Tropical Agriculture" ,  in the second part of this boo!: . 

2 )  M .K . _.Garg , ''The Upgrading of Traditional Technologies in India: 
Whiteware Manufacturing and the Development of' Home Living 
Technologies" , � -
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industrial firm, whk h is one of the main agents of innovation, per

forms within the same organisational frame�ork t�e three functions of 

identi fying a demand for innovation. developing the technology to 

meet this need and bringing the technology to the market place. In 

rural societies living at subsistence levels , there i s  no equivalent 

institution, and the task of the appropriate technology groups, or 

for that matter of all the organisations which in one way or another 

are concer!'led with de··elopment . i s  to try to identify the real needs 

of the local communities , develop or introduce technologies and organ

isational means which can somehow meet these needs and , what i s  

probably t h e  most difficult o !  all , contribute t o  initiating a pro

cess of development based on the internal innovative forces of the 

local community. 

i•1ost o f  the appropriate technology groups currently working in 

the developing countries are too young and their experiments too new 

to allow for any meaningful generalisations about their achievement s 

and their mode of operation . Some general observations can nevfJrthe

less be made , notably a.s far o.s the identification of needs for inno

vation is concerned ( ! } . Th�re are in fact three general patterns in 

the process c identifying needs for i��ovat ion. 

The first i s  the msjor importance of medium to long-term economic 

assessments of specific local situations . The economic forecasts which 

underlie the innovations of appropriate tecrmology groups generally 

go into consi'ier�ble detail , and the sophistication of the cost

benefit ��alyses is comparabl e  with that of large-scale industrial 

projects .  Although they are dealing mainly with small-scale technolo

gies iatended primarily for the rural populations , it may be interest

ing to observe that the assessment methods belong culturally and 

psychologically to the modern , Westernised and highly educated segment 

of society . 

l::_ second pattern which emerges is that the need for appropriate 

technology tends to be evaluated in macro-economic rather than micro

economic terms . Employment generation, import -substitution, public 

health , rural development or social equality are concepts which belong 

to the system of reference of the econom i c  planner or the political 

reforme r ,  not to that of the individual entrepreneur· cr the small 

farmer, who i s more concerned with profit , convenience and the prac

tical means of su.rJ"lVal . This points to one of the basic problems of 

innovation in appropria�t technology - namely the conflict between 

t:he appropriate teclmology group ' s  emphasis on _general economic and 

social priorities, and i he emphas i s  given by the individual to 

immediate economic benefits . 

1 )  This analysis i s  based for the most part on the origi�al twenty
five case st1.1dies presented at the OECD Seminar on Low-Cost Tech
��'>logy , Par i s , September 1974 . Most of these studies can be found 
in "i"·:wised form in the second part of this book . 
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The third pattern is what one might call t�e trans-economic 

dimension of innovation: in most cases 9 the identification of a need 

for innovation goes far beyond pure economics . and touches upon 

ideology and a long term vision cf a more egalitarian society . 

V .  THE NEED AND THE DEMAND FOR INNOVATiotJ 

Innovation dces not occur simply as a result of a need , but 

rather in response to a demand , expressed in terms o f  an ability to 

pay a c�rtain price for a product or a service. Need and Cemand are 

thus two very different concepts, even though they do overlap to a 

certain extent . Most of the innovations in low-cost technology pro

moted by appropriate technology groups a�tempt to meet a certain 

need - for energy , for housing , for education , for managerial assis

tance , for water or for employment - mainly in the rural areas of 

the develt:.ping countrie s .  What is often not very clear is whether 

these needs can be translated into an effective demand for the products 

and services resulting from a given innovation. 

Two examples can be given here to illu5trate the point . The £irst 

is that of the Indian methane gas p�ant , and the second is that of 

the Sahelian solar pump . Technologically , the Indian gas equipment 

is a very ingenious piece of hardwar� (l ) . From the viewpoint of the 

national economy , it is well adapted to local conditions, since it 

uses a local material available in relatively large quantit ies , 

namely cow dung . Furthermore it fits in with the traditional patterns 

of energy consumption. Its price however is =-�lativ-ely high: a house

hold unit costs the t�quivalent of several months of income of the 

average Indian family. And some five cows are needed to supply the 

plant with its raw material . Socially, economically and politically, 

there certainly i s  a need for equipment o f  thi.s type . But the only 

demand , at this stage at least , is that comin� from the relatively 

rich farmers. 

The solar pump developed by SOFRETES is a somewhat similar 

case(2 ) . It is technologically well adapted to local conditions 

virtually no maintenance is required - but its price will presumably 

remain very high relative to the income of the people for whom it is 

intended . According to recent estimates , large�scale industria l  

production could reduce i t s  price , o r  rather cost, from $40 ,000 to 

less than $8,000. This is still a very large sum of money for a 

1 )  S e e  M . K .  Garg , op.cit . 

S ee the study by J . P .  Girardier and M .  Vergnet ,  1'The Solar Pump 
and the Problems of Integrated Rural Development ", in the second 
part of this book . 
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Sahelian village community , and its a�plication will have to be 

considered in the framework of a much broader pub l i c  programme for 

infrastructural development . Furthermore , the social problems posed 

by its introduction are considerabl e .  In the Mauritanian village 

where th8 first installation was macl e ,  the two richest people occu

pied the pipeline and are now selling the water to the villagers . 

The permanent availability of water has relieved the children o f  

their traditional task of drawing water fro!il the well and carrying 

it tack home, which means that some other way must be found to keep 

th�m out of mischief and get them to contribute tn the economic life 

of the community. Finally , the increase .in water supplies might well 

upset the delice.-te ecological equiliJ::. T·ium which for centuries has 

allowed such arid zone communit ies to survive . 
� 

That need and demand are two verY'�·ct ifferent concepts is obvious . 

What is perhap;. less obvi0us is that the notion of need is rather 

subjectiv e ,  and depends a lot on one ' s  culturA and values . Most 

appropriate technology pr?jects are motivated by a need, but the 

need i s  not necessarily perceived in the same way by those who 

develop the technology and. thnse to whom it is addre ssed . The intro

duction of piped water supplies in one African comm,mity brings this 

difference out v�ry clearly . To those who brought this new appropriate 

techn':llogy , it was a major contribution to publ i c  health and the 

eradication of water-borne disease s ,  and it corresponded to what they 

perceived according to their standards as a basic need. However , �� 
was soon found out that the villagers were continuing to use water 

from the river for their drinking purposes because it tasted so much 

better ! Their perception of the need was in effect completely differ

ent from that of the outsiders trying to introduce a new technology . 

This example , small as it may be , suggests that one of the 

important factors .in the diffusion and adoption of intermediate tech

nology is the compatibility between two systems of perception of 

J.eeds : that of the technological innovators, and that of the people 

to whom tho new technology i s  addressed. The difficulty is that the 

tW('· systems seldom coincide . Furthermore , th� fight between them i s  

somewhat unequa l .  The innovator i s  almost always an outsider, he 

tends to be highly educated and familiar �ith what is going on else

where and he often has at his d isposal some form of support - finan

cial , technological or even only moral - which although usually very 

smal l ,  is nevertheless important rel�tive to the resour�es of the 

community in which he is working. As a result , h i s  own perception of 

the needs for innovation t end t o  gain the upper hand over what the 

farmers perceive a� their most important needs. The innovation may 

well take place, but once its promoter has left , it runs the risk 

of being neutralised or even rejected b y  the community . 

Oae of the most tnteresting efforts to match these two sets o f  
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perceptions is that undertaken in the field of technology extension 
by INADES , the Institut africain pour le developpement �conomique et 
so�ial ( l ) . What distinguishes this extension service from similar 
eff0rts undertaken elsewhere is the activ� participation of the 
farmers in the definition �f their educational need s .  Interestingly 
enough , the educational programme suggested by the farmers in co
operation with the extension workers corresponds almost exactly to 
the uackage programme of any classical extension service . The differ
ence here is that the programme is not an alien import , but a creation 
of those who will be using it . Another important characteristic is 
the emphasis on the ' know-why ' rather than on the ' know-how ' or 
1 know-what 1 :  the farmer does not only want to know what should be 
done or how it should be done , but also and perhaps e�.ren morP why 
a new type of fertiliser is more effective , or why a new way of till
ing the soil will help his plants to grow better. 

VI . PARTICIPATION AND COERCION 

The success of an organisation like INADES in building up an 
effective agricultural extension service can be attributed in large 
part to the active involvement of the farmers in the innovation pro
cess . They have come to feel directly concerned by the new technolo
gies which are offered to them , they know that their p:evious know
ledge and experience is not useless , they are learning that progress 
depends upon their own decisions and choices , and they are finding 
out for themselves ,  with the heJp of the extension agent , why new 
ways of doing things are better. Many of the government-sponsored 
extension services in dev�loping countries fail to take this need for 
participation into account and th5ir impact in the long run is,  as a 
result , somewhat limited . The problem here is not that of technology 
or knowledge as such - all extension services provide the farmer with 
the same type of knowledge about crops , implements ,  fertilisers , land 
use or management methods - but rather the way in which technology is 
transferred to and assimilated by the user. 

The same problems arise with the di�fusion of appropriate tech
nology to small firms , village communities or private entrepreneurs .  
The individuals or the groups which are trying �o promote the adoption 
of more appropriate technnlogies find themselves ,  like the extension 
agent , in a position of authority vis-a-vis the community they are 
trying to help , and the temptation is great to use this authority in 
order to promote change from above . Innovation, or for that matter 

1 )  S e e  the stut'.y of P .  Dubin, "Education as a Low-Cost Technology" , 
in the second �art of this book. 

- 59 -



modernisation , always involves an element of coercion and �t would 
be naive to believe that it can take place in a balanced and orderly 
way through p?.rticipation and initiat;"e from below. This is true of 
nations and industrial firms , as it is of farming communities or 
individuals .  Peter the Great ' s  modernisation of Russia or Kemal 
AtatUrk ' s  modernisation of Turkey were neither democratic nor partici
patory , but they were-- nonetheless quite effective , even if the social 
cost was very high. And Governor Huey Long ' s  modernisation of 
Louisiana in the 1930 1 s  was anything i� not dictatorial . 

Innovation in fact is seldom a free choice, and very often it 
is imposed by necessity . The industrial firms which launcH a new 
product on the market generally do so because they are forced to 
undqr pressures from their competitors or as a result of government 
intervention and regulation . The farmer who introduces a new crop or 
decides to buy a new machine does it not only because he thinks it 
might be profitable ,  but very often because he is forced to if he 
wants to survive . 

The same is often true of nations . In a country like Denmark � 
�or ins�ance , the modernisation of agriculture which took place in 
the �ast decades of the nineteenth century was no� initiated by care
ful planning, but imposed by economic disaster. The unsuccessf�l war 
against Prussia in 1864 had cost Denmark 40 per cen-1:. of its terr·i tory 
and most of the export earnings which until then had come from the 
sale of wheat from Schleswig-Holstein. 

lfu!ovation always involves a certain balance between coercion 
from above or from outside , and participation from below or from 
within . �� exclusive reliance on coercion may be very effective in 
the short run , but as the examples of Turkey after Atat6rk or Russia 
after Peter the Great show. tne innovation system returns to lethargy 
as soon as coercion ceases or becomes less effective . In Denmark , 
where social structures were very different , and farmers much more 
individualisti c ,  yet bound by long traditions of co-operation 
and mutual help , the modernisation which was imposed by outside 
circumstances stimulated rather than stifled the de-velopment of 
invention and lnnovation, and paved the way to the development of 
�• efficient and well organised agriculture . 

Farmers who have always been told what they should do , either 
by government official s ,  religious authorities or village leaders , 
and who remember that their parents and their grandparents � like 
themselves ,  never had any control over their own destiny , may con
·tinue to accept , or rather adapt to , innovations imposed by outsiders 
or by their traditional leaders . Innovation in this case is a purely 
uassive process of adaptation . 
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Part icipation , which can be deliberately fostered by outside 

innovators like missionaries , extension agents or appropriate tech

�ology specialists , i s  not merely a means of legitimising innovation 

or making it psychologicallv more acceptable by directly involving 

those who will be affected by i t .  Rathe� , it is a tool for building 

up the self-confidence and sense of independence and control over 

one ' s  future which is one of the preconditions for l:a�·ention and for 

an active involvement in the innovation proces s . 

Fostering participation is a difficult , delicate and slow proces s .  

In fact , i n  the short run ,  helping people t o  help themselves by encour

aging them to become active rather than passive innovators is often 

a much less efficient and usually slower way of modernising a society 

than coercion . Most of the appropriate tec�nology groups and many 

development agents , both local &nd foreign, are very conscious of 
this. Yet there are strong indications that a substantial proportion 

of the development projects based on appropriate technology are for 

the time being of a non-participatory nature : the beneficiaries of 

theoe i�ovations are not directly involved in the definition of 

their major need s ,  and they do not take any direct part in the develop

ment , testing and improvement of the tecr�ology which is offered to 

them. 

It may be interesting to observe here that participation and the 

control of the individual over his own d�stiny and that of his commun

ity are at the basis of the social system of two countries whose 

ag�icultural and industrial development conforms most closely to the 

idea of appropriate technology - namely the United States and contem

porary China . In the United States , they result both from the Protes
tant ethic and from the fact that American society was a society of 

immigrants ,  who as newcomers were culturally attuned to the idea that 

the future was theirs . In China , the Maoist idea that the most impor

tant resource of a nati�n is man, and that P.very peasart and every 

worker can and should be an inventor is not essentially very different , 

and the aim of the 1949 revolution was to destroy the social structures 

which through their patterns oi authority and coercion prevented the 

individual from playing this very role . 
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3. 

Chapter 3 

THE INFORMATION NETWORKS 

Most o£ the existing appropriate technology groups devote a 

considerable part of their activities to the collection , processing 

and �isseminatlon of information , and their role as ' knowledge 

centres ' tends to be more important than their activities in the 

field of research and technical development . This emphasis on inform

ation stems largely from a recognition of the fact that one of the 

first requirements of an effective innovation system is the develop

ment of w1 information network . 

Knowledge abou� modern technology tends to ci�culate very 

rapidly . Even in the most remote regions of the world farmers have 

heard about such things as the moon landing , the jumbo jet or the 

achievements of modern medicine , and their awareness both of modern 

technology and of the way of life that goes with it is one of the 

many reasons for emigration to the citie s .  This knowledge , which i s  

usually of a rather general nature, is propagated b y  hearsay , b y  the 

�tories of town dwellers or foreign emigrants who return to their 

home village, by transistor radios and by illustrated magazine s ,  whose 

carefully cut-out pages arP. pasted on the inside walls of the farmers' 

huts . 

By contrast , knowledge about appropriate technology can take 

years to travel a hundred miles, and farmers in one village often 

do not know about the tech.."lological innovations which have been 

developed or introduced by a neighbouring community . The same is 

true at t�e national level : the experiences in appropriate technology 

un1.ertaken in one developing countrr are seldom well known the other 

side of the border,- and the lines of communication from one develop

ing country to another ere rarely direct , and very often have to 

transit through m� industrialised co�try . There are of course many 

exc�ptions to this general pattern, but the fact remains that the 

awareness of modern technology tends to be much greater than that 

of the less sophisticated and less glamorous intermediate or appro

priate technology . 

As a result of this weakness of the information networks , the 

diffusion of knowledge about newly developed appropriate technologies 

is usually slow and often ineffective. A more serious problem is that 
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the vast peal of appropriate technology which can be found in the 

informal sector ( a s  opposed to the formally organised appropriate 

technology group s )  lies for the most part unexploited, except at 

the local level where ; ·. is used by the small enterprises and inC:.�

vidual innovators who have developed or iaprov.ed i t .  

One o f  the functions o f  the information network is t o  create 

and stimulate demand . As George McRobie has very rightly noted , the 

demand or market for appropriate technology depends to a large extent 

upon the knowledge that st ·h a technology is availabl e ( ! ) .  A farmer 

will not think of buying or making a solar heater or a methane gas 

cooker - to take two cases of relatively well-known appropriate 

technologi&� - unless he knows that such equipment can be built or 

eventually purchased . Nor can he be expected to think of using any

thing else but mud bricks and a thatched or a tin roof to build his 

house if he is not aware that better oricks can be made from soil

cement , or that there are better ways of covering his dwelling . The 

role of an information network is to create an awareness of alter

native economic and technological op+.ions . This awareness will not 

necessarily be translated into a demand - poor people seldom have 

the money for anything but the most basic items - but it is a pre

condition for stimulating demand and for giving th� local inventor 

or artisan the id�a that he can develop something more appropriate . 

I .  THE HANDBOOK OR CATALOGUE APPROACH 

One approach to this problem o f  information which has been tried 

out by several organisations j s  that of the handbook or catalogue . 

Two generations ago , the Sears and Roebuck mail order catalogue 

played a major role in bringing to the isolated American farmers and 

the small towns both the products of the emerging consumer society 
and the awareness that these products existed . The same rc1e can be 

played by a handbook of appropriate technology . One example is the 

Village Technology Handbook prepared by VIrA (Volunt:ers in Technical 

Assistance )  which explains in simple terms and with the help of 

numerous illustrations how to make such things as a water pump , a 

better house , a local irrigation system or food storage facilities ( 2 ) . 

Two somewhat similar catalogues are Brace Research Institut e ' s  

Handbook of Appropriate Technology ( 3 )  and the Directory of Appropriate 

1 )  S f>  e the paper by G .  McRobie , nThe Mobilisation of Jl"Jlowledge on 
Low-Cost Technology: out: ine of a Strategy" , in the second part 
of this book . 

2) Village Technology Handbook , VITA, Mount Rainier (Maryland) 1975 . 
3) Brace Research Institut e ,  

Quebec , 1975. The story 
told in the paper by T . A .  
this book. 
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Technology prepared by the Gandhian Institute of Studies in India(l ) . 
These three handbooks which are a good example of appropriate tech
nology - their production c�sts were small , and the final product is 
available in many cases frt � of charge - all contain a wide range of 
technical information coveri�g the whole spectrum of activities in a 
typical community of a developing country . Their breadth obviously 
means that only a selected number of technological alternatives can 
be presented . 

Alongside these general catalogues or manuals , there are a num
ber �f more specialised handbooks dealing with a specific topic . One 
example is Christopher Cone ' s  handbook on automotive operation and 
maintenancE , which gives hundreds of very approprL.te pieces of inform
ation on the most effective way to operate a car or a truck in a coun
try with bad roads , a weak servicing infrastructure and a difficult 
climate (2 ) .  It deals with problems which are seldom encountered in 
an industrialised -::ountry , and which a driver can otherwise only 
learn about at great cost and ·through bitter experience - for instance ,  
how to extricate a vehicle from sand or mud or to make repairs when 
no spare parts are available .  

Rather similar in scope i f  not in subject but aimed at a some
what more specialised audience is the manual prepared for the Agency 
for Int�rnational Development by a group of technologists from the 
Monsanto Company and which presents a wide range of low-cost roofing 
materials that are available to , or have been developed in develop
ing countries ( 3 ) . 

These various handbooks ,  unlike the commercially-oriented cata
logue of a typical mail order firm , do not offer products ,  but rather 
knowledge and technology . For the user, this knowledge is available 
in most cases free of charge , but it is up to him to put it to use . 
In fact , making any one of the devices des�ribed in the�e handbooks 
is not always very easy and involves not only great care , but also 
a certain amount of creativity . By presenting a number of practical 
possibilities and outlining the basic technical steps , such handbooks 
can contribute significantly to the deve�opment of invention and 
innovation at the local level.  

Although it is difficult ·to evaluate the total cost of preparing 
such handbooks - the experience of the specialists which took part in 
their elaQoration cannot really be quantified - there are indications 

1 )  Gandhian Institute of Studies , Directory of Appropriate Technology 
(mimeo ) ,  Varanasi , 1973 . 

2 )  

3 )  
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that it is quite low, and at any rate very inexpensive relative to 
the benefits it can bring to innovative users : the order of magnitude 
of the direct expenses involved is around SlOO,OOO. 

Along ·..ri th these general or specialised directories and catalogues ,  
there is a rapidly growing number of periodicals concerned in whole 
or in part with appropriate technology. For instance , the Intermediate 
Technolog-y Development Group ' s  journal Approp:L i..?-te Technology, the 
Quarterly Newsletter of the Engineering Experimen�. tion Station of 
Georgia Institute of Technology , the Documentation Bulletin of SENDOC 
(the Indian Small Enterprise Documentation Centre) or the regular 

publications of CENDES (the Center for the Industrial Development of 
Ecuador) .  

These examples show that the process of building up an inform
ation network in appropriate tEchnology is already vell engaged . At 

this stage , three types of market s ,  or target groups , :f ... � ti..i� inform
ation seem to be emerging . The first is that of national policy mak�rs , 
aid agencies and large industrial firms . T�e second is that of the 
extension officers , rural development agents or educators. Lhe third 
is that of the individual farmer3, craftsmen and rural dwellers . 
Although there is a certain amount of overlapping between these groups �  
each one Iorms a distinct market, which calls not only for a different 
product , but also for major differences in presentation and packaging. 

II . THE ROLE OF DOClrnE!lTATION SERVICES 

Handbooks of the type prepared by Brace Research Institute , 
VITA or the Gandhian Institute of Studies are playing a major role 
in bringing about an awareness that alternative technological options 
are available and in stimulating the inventiveness of their users . 
These manuals which are aimed primarily at the developing countries, 
are also of relevance to industrialised nations , and it is interest
i�g to note that , especially in the United States , several similar 
handbooks have been published by individuals or organisations ac�ive 
in the fieJ� of soft or alternative technology. One example is 
Robert de Ropp t s  guide to the alternate society , which shows for 
instance how to make use of unconventional energy sources or how to 
grow food without harming the environment ( l ) . 

For the farmer, the city dweller or the development agent, the 
information provided by such handbooks , while very helpful , is not 
always sufficient . Making the equipment presented in these manuals 
sometimes calls for materials which are not available locally , or 
which could more economically be purchased from an outside supplier, 

1) Robert S .  de Ropp , F.co-Tech
f 

The Whole Earther 1 s  Guide to the, 
Alternate Society, Dell Pub ishing Co , ,  New York , 1975. 
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and there is no point in t rying to reinvent everything . Because of 

their rather general nature and the :fact that they are not for the 

most part aimed at any specifi� country or region , these handbooks 

c�ot give any information about sources of supplies or the purchase 

price of materials and components . The appropriate technology move

ment does not have anything equivalent to the highly popular Whole 

Earth catalog in the United States , which gives its ecologically

minded reader a vast amount of information as to where and how to 

obtain the increasingly wide range of products based on soft 

technology (l ) .  

Another problem is that as soon as one goes beyond the relative

ly simple � yet important , self-help technologies , information of a 

much more detailed and technical nature is required . The village 

blacksmith for instance can find out from such a handbook how to 

improve some of his tools , but when it comes to production technology , 

this is no longer sufficient , and the knowledge he needs is very 

different . And the farmer whose crops are suddenly attacked by a 

pest he has never seen before cannot rely on the rather general and 

wide-ranging type of information which can be found in such handbook s .  

The two most commonly used methods t o  solve problems o f  this nature 

are the Jocumentation service and the technical assistance service 

(management consulting� technical extension and agricultural extension ) .  

Most of the existing documentation services in developing coun

tries do not deal �pecif'ically with appropriate technology as such , 

but collect, process and di stribute a much wider range of information 

dealing \•iith technical_.. economi c ,  industrial and agricul1:ural matters. 

The effectiveness of such centres varies considerably from country to 

co1mtry but the problems they encounter seem to indicate that a 

tra!Utional documentation and information service is not the most 

::>:�.1-'ropriate way to stimulate the diffusion and application of appro

priate technology in a developing country . 

The first problem is that such a servic� is generally a rather 

expensive proposition. Three elements come into play here : the col

lection of information , its storage , and its diffusion. In develop

ing countries, collection costs are comparatively much higher than 

in the industrialised countries . This is particularly true if one 

considers not only writt�n information but also the oral information 

which is gathered mainly through travels and personal contacts. 

Storage costs are equally high. According to some estimates which 

seem reasonably representative, storing one document or piece of 

information costs around one dollar and a half per year and a�count 

must be taken of the obsolescence of information. 

1) 
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In ord(.:r to be of' some effective use , an informatioZ'l service 
must have a certain critical mass and be able to collect and store 
a substantial proportion (maybe 50 to 80 per cent ) of all the inform
ation concerning a particular technology . Ir. most develooing countries ,  
the number o f  potential users of this information i s  small : there may 
well be no more than one or two entrepreneurs or gover�ent agencies 
interested in any one piece of technology . The smaller the country 
or the market , the greater the relative amo·.mt of information which 
has to be stored for any one application . This of course increast.·s 
costs and therefore it may be much more economic for developing 
countries to use the existing information systems of the multinational 
intermediate technology grnups rather than build up their own systems . 
In the case cf solar energy , to take on€ case , it makes more sense 
for a dP.veloping country to address itself to Brace Research Institute , 
or.e of the world ' s  main centres in this field , than to build up at 
high cost its own documen�ation service . 

Because of these high collection and storage costs , providing 
�echnical information to the user is expensive . Rough estimates based 
on the Indian and Ecuadorian experience show that the cost of one 
technical answer or piece of documentation about a specific technical 
problem is somewhere around $150. This is equivalent to the average 
per capita annual income in a typical developing country. To put 
things in perspective , one can imagine the problems which would face 
a documentation service iu an industrialised country if each technical 
answer were to cost the same relative amount , namely between $3 ,000 

and $ 5 ,000(1 ) .  

No farmer and few i f  any small industrial firms can afford to 
pay $150 for a piece of information whi1;h may turn out to be irrele
vant , and one of the problems which hao to be faced is that of pric
ing. Should the customer get the info�mation free of charge on the 
assumption that this is a public service which must be financed by 
the community? Should he pay a price eq�ivalent to the real cost? 

Or should he contribute merely a token fee'? The first and last solu
tions are the two most frequent . However, it does not seem that the 
subsidisation of inrormation services makes them more attractive to 
the potential customer. The real problem lies elsewhere , namely in 
the ability of the cust�mers to absorb Sfid use new information. 

This is clearly illustrated in the very typical case of the 
techno-etltrepren�urs of the Poona region in India(2) . Here are young 

1 )  In fact, the \mit cost of documentation services in industrialised 
countries i.s generally small . In the case of the Irish Institute of 
Indus�rial Research and Standards ,  the cost of a typical inquiry is 
around $30 (this figure compris�s only the direct operating costs of 
a technical informati�n unit ) .  

2 )  Se ,e the article by P . D .  Malgavkar ,  "The Role of Techno-Entrepreneurs 
in the Adoption of New Technology" ,in the second part of this book. 
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industrial entrepreneurs with little practical experience but a good 

idea of the type of information they require in order to build up 

their first and very modest production facilities . As it turned out -

and this seems to be a fairly general pattern - nor.e of the existing 

information and documentation services in the region ( and this is one 

of the most developed parts of India ) could provide them with the type 

of information they required . They had in fact to build up themselves 

a -cailor-made information network . First by using the knowledge avail

able frcm their university textbooks and former teachers , second from 

the technical catalogues of hundreds of foreign firms whose addresses 

had been noted down in the foreign consulates o f  Bombay, and third 

f�nm the careful study of equipment imported intc Indi a .  

This study of the Poena techno-entrepreneurs shows very cle.Jrly 

that the search f�r information is an integral part of the inventive 

anc' innovative prece s s .  The nnly person who knows exactly what type 

of information is required i s  the one who will be using it , and a 

documentation centre , however well run and however complete its stock 

of knowledge ,  cannot be half as effective . Intere stingly enough , the 

somewhat haphazard and ar"....i sanal way o:t" gathering information of these 

techno--entrepreneurs turns out t o  be rather inexpensive - a few days 

or weeks of work at the beginning , plus the cost of letters and 

stamps - and the value of this information is very high relative to 

the cost of its collection. 

One ol the di£ficulties with the traditional documentation 

centres is that they tend to accumulate vast amounts of information 

which is often not used at all or which, when supplied to a customer , 

tends to be excessively voluminous , insufficiently selective and 

difficult to translate into usable knowledge . Sucf1 information ser

vices undoubtedly have a role to pley, for instance as transfer 

agents for appropriate technology developed abroad, but other ways 

of dealing with knowledge and technology can be envisaged . One of 

them i s  for instance the 11technology exchange'' service which has 

recently been set up by CcLtrol Data , the big Ameri�en computer firm. 

The principle is simple :  any firm or individual who has a particular 

technology to sell can , for a relatively sm<>ll fee , list this tech

nology in a world-wide computer fil e .  Conversely , those who are 

looking f·or a particular technology or piece of knowledge write down 

a request , also for a fee , and can find out within a very short time 

if the technology they need i s  available . With the rapidly falling 

price of computer time, this approach can be potentially very effec

tive, but its main attracb.on is that it allows for an almost exact 

me.tching between a demand for technology (or information ) and a 

supply of t e (:hnology . Such a syste-m , designed primarily for the 

indust�ialised c�untries , is equally rele� ant to developing nations , 

for it can just as well be used for appr?priate technology . 
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There are strong indicationf· that too a:uch attention is currently 

being given to the building-up o f  traditional information and documen

tation services for appropriate tec"f1..no1 ogy, and not enc'ugh to t:J.e 
requirements of the market for information . The :ype of knowledge 

which the poor farmer requires is very iifferent from that which is 

needed by an industria1 firm , small cr large , The delivery system 

fur�hermore has to be different in each case. The poor farmer ,  who 

may be illiterate , will in most cases not take the initiative �o go 
to an official information centre , and the information has to be 

conveyed to him through an extension service. The large industrial 

firm by contrast tends to be a much more active customer , with a 

precise knowledge of what it needs , while the small family flrm falls 

somewhere between these two extremes . Information services must 

obviously take these di fferences into account if they are to serve 

a useful purpo�\e . 

III . MANAGEMENT ASSISTANCE AND TECHNICAL CONSULTING 

Inf::rrmation can to some extent be organised in a rational way 

and this is as tr\le o f  information about sophisticated high-cost 

technology as it is of information about intermediate technology . 

However ,  the emphasis on rationality and organisa-tion must not over

shadow the fact that in the innovation process � some of the most 

creative ideas coate precisely :from disorder , luck and the use o f  

apparently irrelevant informat ion . Rationality is needed , but there 

are also virtues in duplications , ignorance and serez�dipity. 
In the same way that the economies o f  the developing countries 

are charac"terised by the presence o f  a modern ' forma l '  sector and an 

' informal ' secto:� , the information networks in appropriate technology 

have a set of informal , or somewhat less well organised channels 

through whtch knowledge is conveyed to potential users. This informal 

information network has a num-ber o:f components .  Two of the most 

important are the various technical assistance services provided by 

appropriate teclmology groups , ar.d the managerial assistance given 

by specialised organisations to small local firms . 

One example of the former is the service provided by Volunteers 

in Technical Assistanc e .  As i�s name does not suggest , VITA does not 

send volunteers abroad, but provides the equivalent of a specialised 

technical assistance service by lin1dng the developing counti"J cus

tomer with a special technical problem to a specialist in an indus

trialised country, who supplies this knowledge free of char-ge on a 

voluntary basi s .  Although no comprehensive evaluations of this service 

have yet been carried out , it appears to be very effective . One of 

the main reasons for this is that the custo�er has already clearly 
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identified his problem and is anxious to use The infor&etion or the 

technol;:,gy which is supplied by his adviser. 

Tectmical assistance by correspondence may not be quite as effec

tive as bringing a foreign consult-ant on the spot , but it is immensely 

less costly. According to VITA, the average direct cost for a piece 

of tecrillical advice is around $100, and if the total costs are summed 

up , to include among others the time of the voluntary expert, the 

real amount is two to three times higher . Somewhat siwilar services 

have been organised elsewhere . One is the Development Reference 

Service of the Society for International Development in Paris,  which 

deals not specifically with technology but with more general problems 

of development , and the other is the Industrial Inquiry Service of 

the United Natior!s Industrial Development Organisation in Vienna 

which is concerned with industrial problems . (Both services origin

ated in the Question and Answer Service of the OECD Development 
Centre ) ( 1 ) . 

Another approach to the diffusion of information and knowledge 
on appropriate technology is through technical and managerial assis

tance to small firms and local entrepreneurs , Practically all develop

ing countries today have some sort of national organisation aimed at 

promoting the development of small enterprises. One of the usual tools 
is to provide firms with some sort oi managerial assistancey for 

instance in the form of short training courses or consultancy services . 
With the excepticn of some cou.."ltries like India , where services of 
this kind have �een operating for many years y most of these organis

ations are too new to allow for a meaningful evaluation(2) . There 

are, however , a number of problems which seem to be very general . 

The small firms which are being helped today should have the potential 

to become the big corporations of tomorrow. It is however exT.remely 

difficult to identify those which are likely to he the wj nners in the 
long run , and even the most promising small entrepreneurs may fail . 

What is more, there seems to be little , if any, selectivity in 

the choice of small firms to which technical or managerial assistance 

will be extended .  In fact,  assistance is granted primarily in response 

to requests coming from the small firms themselves and most , if not 

all , requf":sts are eagerly seized upon by the assistance-granting 
organisations . If one considers the problem in terms of demand and 

l )  

2 )  
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s�rply , there is some evidence that in many developing countries,  
the supply of managerial and technical consulting services to small 
industry greatly exceeds the effective demand for such services . The 
most cnnspicuous case in this respect is probably that of Kenya where 
the Rural Industrial Development Programme has been supporting small 
firms whose effective technical , economic a�d managerial viability 
is questionable to say the least (! ) .  

��other problem with such organisations is that the services 
they prcvide tend to be �ather expensive . One way to measure this is 
to compare the number of firms which have received some sort �f assis

tance during a given year with the number of people employed by 
these organisations . Anothe·r indicator is the ratic between the turn
over of the firms which have received some form of assistance and the 
administrative costs of running the consulting organisation. A very 
rough estimate , based on some of the case-studie s ,  indicates that 
such an organisation with ten staff members can provide meaningful 
assistance to a group of small firms which , taken together , employ 
some one hundred people. This is clearly not the most efficient way 
to fc �er industrial development on a large scale, nor is it the 
best way to use the highly qualified people who are on the staff of 
th6Se organisations . 

When the small firms to which tech.�ical or managerial staff is 
supplied are of a very low level , the outside consultants or advisers 
are very often tempted to go much beyond the supply of advice , and 
thus end up by virtuRlly running the firm they are trying to help. 
This turns out to be very costly and time-consuming . On the other 
hand , small firms are often unable to absorb in an effective way the 
knowledge which is brought to them by a consultant in the course of 
a typical one-day visit, and it is very difficult to strike a balance 
between the one-shot approach and the virtual take-over of the 
assisted company . 

In fact , there seem to be very great differences in the quality 
and effect! vene:"3S of national organisations which supply technical 
and managerial assistance to local enterprises. In one country , the 
organisation which was set up for this purpose under the auspices of 
a well-known internat.ional organisation ended up after five years .:>f 
operation with a payroll of over 600 people, mostly in administrat.ive 
and secretarial positions and , according to the widely-shared feeling 
of local entrepreneurs , is almost totally ineffective . In other 
count�ies such organisations can work very effectively and rather 
cheaply. This is the case of several institutions in India for 

1 )  S e e for instance H. Kri::t:ensen, 11The Technology Problem in Rural 
Small Scale Industries: A Case study from Kenya" (mimeo ) ,  paper 
prepared for the OECD Seminar on Low-Cost Technology , Pari s ,  1974 . 
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instance ,  and of at least one programme in Korea which was set up 
in co-operation with the Engineering Experimentation Station of the 
Georgia Institute of Technology{!) . 

Supplying managerial knowledge or new technology thr�ugh such 
organisations cannot really be dissociated from the much wider 
problem of entrepreneurship . Information is a commodity,. and its 
diffusion responds to market needs . Supplying information will not 
alone create the needs for information and new technology . This need 
can only arise in the much wider context of a favourable entre
preneurial environment which can be built up by legislation , the 
organisation of credit, or the development of education . 

1 )  S e e  the study by R .  Hammond , 11The Impact o.f Micro-Development 
Projects11, in the second part of this book . 
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Chapter 4 

THE ROLE OF THE UNIVERSITIES 

The number of universities , both in the industrialised and the 

developing cou.'"l. L.ries ,  which are involved in some way or ann-cher wJth 

the development of new appropriate technologies , is growing r3pidly , 

and there are indications that this interest is more than a passing 

fashion . It is in fact a reflection both of the university ' s  own 

questioning of its role in .society and of the fact that its dual 

function of creating and transmitting knowledge has a direct bearing 
on the development and application of more appropriate technologies 

in the local innovation syst�m . 

Most of the appropriate _technology groups which originated from 

universities , like the Techr.ology Consultancy Centre in Gha�a ( l ) , 

the Regional Adaptive Technology Centre in the Philippines (2) , the 

Division of Micr'J-projeo:::ts in Eindhoven , Netherlandd3) or ·the Grupo 
de Desarol:o Rural of the University of the Andes in Bogota, are t.oo 
recent to allow for any meaningful generalisations about the role of 

higher education insti tl_lticns in the promotion of appropriate tech
nology . These experiments do h?wever point to a number of problems 
which must be taken into account if appropriate technology is to 

pley an effective part in the process of economic and social develop
ment . Are universities the most adequate institutions for fostering 

innovation in appropriate technology? Can their activities in this 

field be reconciled with their educational responsibilities? Ce_n 

their curricula be reoriented to include more appropriate types of 
technology? These are some of the questions which have to be 

considered. 

1) S e e  the study by B.A. Ntim and J. W. Powell � I! Appropriate Technology 
in Ghana: The Experience of Kumasi University ' s  Technology Consul
tancy Centre", in the seco�d part of this book . 

2) Rufino S .  Ignacio , "Intermediate Technology and Regional Development 
in the Philippines" , �· 

3) T .  de Wilde, J .  J"anssen, B.  van Wulfften-Palthe and S.P.  Bertram , 
"Remarks on a Policy for Appropriate Technology and Some Cases of 
Micro-projects" (mimeo) ,  paper prepared for the OECD Seminar on 
Low-Cost Technology, Paris ,  1974 . 
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I .  THE UNIVERSITY ' S  COMMITMENt TO MODERN TECHNOLOGY 

In the last fifteen years , higher education has been one of the 
fastest growing sectors of the economy in the developing countri es , 
as can clearly be seen from the number of new universities which were 

set up o r the dramatic increases in the number of studP.nt s .  One o f  
t h e  main motivations behind this explosive growth of higher education 
was to bring underdeveloped societies into the modern world by build
ing up a massiv� _ _j:�chnologi cal and educational basi s . The somewha-� 
Oj:ltimistic ideology whiCh leg±t!mised the creation of hundreds of new 
universities and which was actively promoted by international organis
atiom, , aid agencies and private fotmdations has 'today lost. much of 
its veneer and given way to a more sober assessment of what highe� 
education can effectively achieve . In some spheres . the pendulUD• has 
swung even further, and it is interesting to observe that the far
reachinp,: criticisms of the university made by someone lilre Ivan Illich 
are now being !'requcntly quoted , and possibly e'.'en put into practi�e 
by government authol•i ties whi c h ,  directly or indirect ly . have the 
responsibility for higher education ( l ) . 

Whetever the failings of the univer sity - and here the di sappoint
ment is the inevitable counterpart of exaggerated expectations - it is 
still the most effective , o r  least ineffective , means for providing 
a wide number of young people with the skills and training t1ecessary 
in a modern industrialised, or industrialising society . Universities 
have a basic commitment , ir..sti tu-tionalised in their curricuJ_a ,  their 
entrance requ:trement s ,  their communications system and th�ir quality 
control procedures , to modern t echnology . 

This commitment stands in almost complete opposition to the 
guiding philosophy of the intermediate technology movement . University 
education is expensive, and for many developing countries prohibitively 
expensive ( one year of higher education for one student often costs 
more than the total income o f  hundreds of farming families ) , it is 
concerned with sophisticated modern technology , it is to a large ; 
extent a foreign cultural import , and despite the claims to the 
contrary , it is elitist and non-egalitarian . Can the university as 
such play a useful role in the field of appropriate technology for 
which it was never designed and which culturally and politically i s  

s o  far away from it? 
The increasing number of universities which are involved in 

ieveloping some form or another of appropriate technology , shows at 
any rate that something can be done and that universities , and 
especially tec��ical universities , do have a role to play . For the 

l) Ivan D .  Illich , Deschool ing Sovi ety, Harper and Row, New York , 
1971 . 
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moment , this involvement is in most cases margina l ,  in the sense that 

it is not yet an integral part of the traditional educational curricula 

or research programmes .  There are as yet no ' universities for appro

priate technology ' and India is the first country where the possibil

ity of granting academic degrees in intermediate technology has been 

seriously considered . 

The involvement of universities in intermediate technology is 

also in most cases politically �rginal , in the sense that it does 

not genera�ly result from a deliberate policy of the university as 

such , but rather in response to pressures on the part of activist 

student movements and as a result of the entrepreneurial activities 

of individual faculty members. In this perspective , involvement in 

appropriate technology might be viewed as a means of letting off 

steam and neutralising in a constructive way the internal political 

i tensions of the university . What must also be considered here is that 

I · in several developing countries, the internal problems of higher 

education institutions are compounded by their potentially destabilis

ing political role in society. Universities, or rather the student 

body , are often violently opposed to the ruling ; ;litical elite of 

the country and are in effect a revolutionary force . The examples 

of' Thailand , South Korea , Sri Lanka and several Latin American 

countries show this very clearly . 

App; ... opriate technology , whether its proponents want it or not , 

has a political dimension, since it is oriented primarily towards 

the most under-privileged groups in society and assume s ,  probably 

rightly , that the development strategies followed until now have 

benefited primarily the ruling elites . The ideology and values of 

the appropriate technology movement could , if combined w�th the 

political activism of the universities in the developing countrie s ,  

have truly revolutionary political consequences � and this cannot 

simply be brushed aside when one is trying to assess what part the 

higher education system might play in appropriate techno loa . 

The involvement of universities in appropriate technology can 

nf course be interpreted , somewhat cynically, as an attempt to neu

tralise their outside critics and buy off their student dissenters . 

This view, which some very specific cases may justify , is neverthe

less rather nnfair, in that it grossly understates the very genuine 

concern both of universities and educational authorities about the 

contribution of higher education to economic and social development . 

The universities also have a number of' assets - intellectual , tech

nologic�l and organisational - .which can usefully be applied to the 

development and pro�otion of more appropriate tec�,ologies . 
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II . THE UNIVERSITY ' S  LIMITATIONS 

Sefore trying to outline what the t;:Jiversities could do , a few 

words of caution are necessary . The first i s  that the university i s  

primarily an institution o f  higher education and higher learning . 

Its function is neither to act as an 1ndustrial entrepreneur or man

agement consultant , nor to play the part which belongs institution

ally to government agencies , industrial firms or non-profit associa

tions . Faculty members may o f  course in their individual capacity 

t�ke on 3 number of activities outside the university - primarily 

a� advisers and consultants - but the institution to which they belong 

is geared essentially to education and learning in the strict sense 

of the term . 

The second point is that even if universities did want , or were 

al lowed to play a much wider role than that for which they were orig

inally designed , they probably could not . For one thing the task of 

educating thousands of students is in itself a formidable affair. 

The problem is particularly acute in the developinr countrie s :  one 

need only to look at the teacher/ student ratios or their financial 

situatioP �o realise that education alone is more than a full-time 

preoccupation . There is an obvious temptation to say that the univer

sity can do everything . Does it not after all harbour some of the 

c3untry ' s  best minds? The temptation however is at best i llusory , 

and at worst potentially damaging to its educational mission. 

In several highly industrialised countrie s ,  univer�lties have 

played in some cases an important part in industrial and technological 

innovat ion , and one can infe r ,  by analo�J ,  tha� the higher education 

institutions in developing countries also have a role to play in their 

local appropriate technology innovation system. By historical st�n

dards , this involvement of West European and American universities 

with industry is a recent phenomemm : it started in Germany at the 

end of the last century , with the development of the chemical indus

try, but it was only with World war Two that these l inks became 

institutionalised i� a large way ( l ) .  At the same time that the uni

v�rsities were developing the basic knowledge used at a later stage 

by industry and establi shing closer contacts with the business world , 

�he large firms were building up their own R and D laboratories and 

trying thereby to systematise the innovation proce s s .  

University research was never a substitute for industrial 

research; it was a complement , and while important in certain fields , 

was nevertheless , and still i s ,  a very small part of the innovation 

system . What Fhould not be overlooked is that this involvement o f  

1)  For a detailed discussion o f  these problems, s e e  The Research 
System, Vol . ! ,  I I  & III , CECD , Paris , 1972-74 . 
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European and American universities in the processes of industrial 
and technological innovation was to some extent at least an acciden
tal 9henomenon rather than the result of a deliberate policy. What 
has w,orked in the past wi:::..l not necessarily work as well in the 
future . In fact , it is quite possible that these links , built up in 
the last decadas , w�ll progressively deteriorate as a result botfi 
of the educational burdens placed upon the universities and of the 
increasing diversity and pace of change of industrial technology . 
In the developing countries , the establishment of close links between 
industry and the universities has until now proven to be rather 
difficult , and a national strategy for appropriate technology must 
take into account the fact that the building-up of such a relation
ship is not necessarily the most effective way of promoting inn<Jvation . 

Another point of caution ebout the role of universities is that 
the development of new intermed5.ate or appropriate technology does 
not for the moPt part embody any radically new scientific or tech
nological principles . There are of course certain exceptions : the 
solar pump developed at the University of Dakar and further improved 
by a French industrial firm belongs to the world of high technology ( l )  
and the gari machine developed in Nigeria did call for the development 
of ne·w fu.."ldamer!tal knowledge in chemistry(2) . By and large , however, 
appropriate technology belongs to the realm or the craftsman and 
village artisan rather than to the world of the academic teacher or 
scientist , and an exclusive preoccupation with what the university 
might do ca.71 lead to a neglect of the crucial role played in the 
innovation process by craftsmen and small entrepreneurs .  As far as 
educ�tion is concerned , this preoccupation carries with it the risk 
of overlooking the importance of secondary education, and notably of 
secondary technical education , which produces the middle-level tech
nical specialists required by industry . These specialists ,  which are 
in very short supply in most developing countrie s ,  have a vital ro: e 
to play , and could be one of the most effective links between the 
modern and the traditional sector, and could also form a basis for 
the innovation system in appropriate tecrmology . 

Developing even simple hardware can be very difficult for the 
local inventor - witness for instance the problem or increasing the 
reliability of his products and minimising the technical risk to the 
user. The technical capability of the university can be scaled down 
to meet the specific problems raced by local craftsmen and entre
preneurs . One successful example in this respect is the way in which 

1 )  S e e  the study by J . P .  Girardier and M .  Vergnet , "The Solar Pump 
and the Problems of Integrated Rural Development11, in the second 
part of this book . 

2 )  P . O .  Ngoddy , 11Gari Mechanisati-on in Nigeria: The Competition 
Between Intermediate and Modern Technolo.fl�ru , 

ill£. 
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university teachers in Sri Lanka have been �ncnuraged to act as 
teciD1ical consultants to local blacksmiths ( l ) . Another similar case 
is that of Soon Jun University in Korea , whose mechanical engineering 
department has contributed to solving many technical problems of the 
local metalworking firms and , in the process , to diffusing this 
improved technolOJY throughout the industry( 2 ) .  

III . APPROPRIATE TECHNOLOGY IN THE HIGHER EDUCATION SYSTEM 

The students of today are the engineers , technologists , indus
trial entrepreneurs and political leaders of tomorrow , and the type 
of education they are now getting will determine to a large extent 
the type of society that will exist twenty or thirty years hence . 
This time-lag or production cycle of the educational system suggests 
that if appropriate technolo�y is to play an important part in the 
development proces s ,  the students of today need not only to be famil
iar with it , but also to have what N .  de Silva called , rather poetic
ally but neverthel�ss realistically , a certain ' sympathy ' for it (3) . 
The shift in values and attitudes which this requires cap�ot be 
achieved in a simple and straightforward way , but a number of steps 
have been suggested . One for instance is the Indian idea , already 
mentioned earlier,  of integrating intermediate technology in the 
university curricula and eventually having degrees in this field . 
This obviously poses a number of problems , as the experience of 
Mindanao State University in the Philippines clearly shows (4) . 
Academic curricula ,  notably in the engineering field, are designed 
in such a way that it is difficult to add on new courses without 
either suppressing some existing courses which are essential , or 
lengthening by several semesters the total amount of time spent by 
students at the university. And for the time being at least , it does 
not seem possible to design a full curriculum focusing exclusively 
on appropriate technology . 

��other approach is to accept intermediate technology as a 
legitimate subject for an engineering student ' s  diploma work . Design
ing a windmil l ,  a �alm-nut crusher or a water distribution system 

l )  S e e the study by O . L . O .  Mendis ,  "The Reorganisation of the Light 
Engineering Industry in Sri Lanka" ,  in the second part of this book . 

2 )  Ross Hammond , "The Impact of Micro-Development Projec-ts" , �· 
3 )  N.N.  de Silva, 

P aper prepared 
1974. 

"Rural Industrialisation jn Sri Lanka" (mimeo) .. 
for the OECD Seminar on Low-Cost Technology , Paris, 

4) S � e the study by Rufino S.  Ignacio, " Intermediate Technology f'nd 
Regional Development in the Philippines" , in the second part of 
this book . 
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which uses only local resources and which can be manufactured by 
people with little technical education is just as challenging , diffi
cult and instructive of the student ' s  abilities as the design of a 
diesel engine , a steel bridge or an electronic circuit . Several uni
versities have already explored this approach . One instructive example 
in this respect is that of the Asian Institute of Technology in Bangkok .  
Part of the research and development work for the low-cost water fil
tration system , which is now being diffused to several Southeast Asian 
countries , was carried out by gra�uate students and served as a basis 
for several master ' s  theses{l ) .  

Encouraging universities to develop intermediate technology requires 
a modification of their reward and promotion system . In most in£'+.itu
tions , the evaluation of a faculty member ' s  performance - which deter
mines his salary level and promotion prospects - is based to a large 
extent on publications . This yardstick is perfectly legitimate if 
research, preferably of a high quality, is accepted as one of the 
main missions of the university . It is , however, strongly biased 
against those who are very good teachers but poor researchers , and 
it does little justice to the other missions of a university , and 
notably to its educational �ole and its contribution to economic and 
social development . one consequence of the student unrest which swept 
many universities of the world a few years ago has been a rehabilita
tion of ' consumer satisfaction ' { e . g .  through performance ratings 
given by the students to their professors ) as one of the bases for 
evaluating a faculty member!s s�lary and promotion prospects .  

Changes in the evaluation methods can and do take place , and 
there is no reason why in the universities of the developing countries , 
contributions to the development of intermediate technology might not 
also be taken into account . In fact , from a social point of view , such 
activit:\es are probably much more useful and rewarding than a publica
tion in a recognised foreign scientific journal , and the knowledge 
that they would also serve as a basis for the professional evaluation 
at the end of the academic year would provide a pc�orful motivation 
-to do more . 

The various steps outlined above amount in efiect to an institu
t�onalisation of intermediate technology . That they could be useful 
is more than likely. However , even i f  they were carried out , md this 
is beginning to be done in some places , many problems would remain .  
one of the most important i s  that th� university a s  such belongs 
essentially to the roodern urbanised segment of society. Students and 
teachers , even if they come originally from n rural community, have 
for the most part lost contact with the farmers and craftsmen in the 

1 )  R . J .  Frankel , "The Design and Operation of a Water Filter Using 
Local Materials in Southeast Asia'� � · 
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villages . If they are to help develop n�w technologies which are 

t�uly appropriate to the: daily conditions of the farmers and poor 

people , they need some much closer contacts with those to whom these 

new techno logies are addre ssed . 

Without going as far and as forcefully as China has done in 

compelling students +.o spend a year of real work in the farms and 

factories and eliminating academic performance as a criterion for 

gr.·anting degrees , there is a lot to say for encouraging much closer 

contacts between the university and the rural communit ies . One pur

pose of such contacts i s  to make students realise what are the real 

problems of the farmers and how difficult their daily life can be . 

It can also serve to give them greater respect and more understandinf 

for their value s ,  their culture , their skills and their techn()logy . 

One should not forget that the tE;chnologies developed by generat i:):;,o:; 

of farmers in the developing count ries are in many respects very 

sophisticated and ingenious , primitive as they may seem when compared 

to wl':at has been achieved in some industrialised countries . This 

technological basis is in the process of disintegration : and vast 

amounts of knowledge accumulated over centuri es are now being lost 

within a few years . Much of this knowledge could serve as the basis 

for de-v eloping new and more appropriate technologies . The j dea here 

is not of course to preser�e the past at all costs and +-urn remote 

villages into museums , but to get farmers and craftsmen to partici

pate in the process of development of new technologies with the help 

of the university , and to encourage the u..'1iversity to ident ify, 

evaluate �nd analyse the vast pool o f  dormant technology which can be 

found in the informal sector. 

Sending students off for a few months t o  the country i s  not the 

most popular measure , and to do so on a larg0 scale and with little 

preparation is t o  court disaster . One successful example i s  that of 

the Pan-African Institute for Deve1 opment ( l ) . This institution , which 

is not strictly speaking a university but rather a post-experience 

management school for speciali sts in rural d�velopment , has a two

year education and training programme , a substantial part of which 

is composed of field missions :i.n various African countries . The pur

pose of these missions is no+- only to study a specific problem, but 

to achieve something useful and practical . The reports prepared by 

the students - many of whom already have a number of years of exper

ience behind them - are of very high profession�l quality and show 

a rather remarkabl e  perception of the social processes of innovation 

and development . This work i s  in fact a very good example of the type 

1 )  S e e the study by John W. Pilgrim, "The Role of Non-Governmental 
Institutions in the Innovation Process11 , in the s econd part of 
this book . 
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of new social knowledge which higher education institutions might try 

to develop and which is crucially important in the diffusion of appro

priate technology . 

IV . LOCAL RESEARCH AND INFANT TECHllOLOGY 

A!nong the many questions which for the time still remain open , 

on� of the most important touches upon ti1e research and development 

activities o� the university, both in the industrialised and the 

developing countri e s .  The complexity of the question can perhaps best 

be expressed by summarising two apparently contradictory views on this 

problem . Given the obvious need for much more R and D in t�1e field of 

appropriate technology and the technical capability of the highly 

industrialised countries , the first view is that the universities in 

these c:ountries should increase their R and D effort and provide the 

developing nations with the intermediate technology they need ( l ) .  

The opposing view is that tecnnical assistance , foreign aid and the 

introduction of foreign technology tend to paralyse the loca: inven

tive and innovative capability . Bearing this in mind , R and D in 

intermediate technology should be donf' exclusively in the de·.�eloping 

countries themselves by local scientists ,  engineers and technolog

ist s ( 2 ) . 

Pres�nted in this way , the dilemma may seem rather theoretical . 

In fact , it is a very concrete problem , as the following recent exam-

ple clearly shows . In one East African country , a local anuropriate 

technolog-y group tried to develop a ne·w type of irrigat�oi '")i !' P  based 

on indigenous materials to replace the imported plastic ;-;ipe;., -,;nich 

had become prohibitively expensive as a result of the rise in oil 

prices . The probl em \-Jas urgent and technically complex. Rather than 

address itself to the local university laboratory , whose technical 

capability in this particular � was not very strong . the appropriate 

technology group chose to call upon a Dut ch university with a much 

wider experienc e .  As far as immediate results are concerne d ,  this was 

�doubtedly the better solution . But in doing thi s ,  a major opportun

ity was missed to help build up a local technological capability. 

The greater the R and D ef�ort undertaken by universities o f  the 

industrialised coun·Cries on appropriate teclmology, the greater the 

temptation for developing countries to use this technology rather 

1 )  This view, shared by most universities in the industrialised 
countries , i s  also supported by several groups in the developing 
countries , See for instance B . A .  Ntim and J .\V . Powell , "Appropriate 
Technology in ·Ghana: The Experience of Kumasi University ' s  Tech
nology Centre", in the second part of this booK . 

2 )  S e �  M . J .  Hoda , "India ' s  Experience ::tnd the Gandhian Tradition " , 
�· 
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thai': develop their own . In fact , there are strong reasons to believe 

that the patterns of technological dependence which characterise the 

relations between industrialised and developed countries are being 

replicated j_n the field of appropriate or i.ntermediate teclmology . 

It is a well knowr� fact that more than 90 per cent of the world � s 

potential in science and technology is located in less than 25 highly 

industriaJ ised countries , and that the developing cow1tries taken as 

a whole do not account for much more than one per cent oL the world ' s  

output in science , technology and industrial innovation. For the time 

being it is difficult to determine if the same imbalance prevails in 

the field of R and D in intermediate or aupropriate technology . F�r 
one thing . no serious attempt has yet been made to measure on a world

wide basis the total amount of money spent on re�earch in this area . 

Furthermore , as noted earlier , a large part of the innovations in 

ap�ropriate technology �tern not from a formal ly organised - and there

fore quantifiable - R and D effort , but froffi the empirical development 

work done by artisans , small entrepreneurs or innovative farmers who 

belong to the informal sector . 

However, i f  one takes into account :..he rapidly growing R and D 

effort in appropriate technology undertaken in the industrialised 

countries and the fact that many appropriate technology groups tend , 

like the one from East Africa mentioned above , to resort to appropriate 

technologi�s developed in \'/estern Europe and North America , there are 
reasons to believ·e tha". the same patterns of dependence upon technology 

transfers from tl-_e industrialised countries could develop . \Vhat further 

contributes to reinforcing this trend is the fact that appropriate 

technology is a n0n-proprietary technology , available in most cases 

.free of charge . Few if any of the products and processes developed 
by appropriate techl"lology groups in the i_nc1ustriallsed countries are 

covered by patents or licensing restrictions , and those who have 

developed them are, for very good reasons , eager to put them at the 

disposal of developing countries ( l ) . 

Such Transfers can make an important contribution to development 

but the prob:em of technological self-de� ermination remains unsolved.  
In the same way that government policies for industrialisation have 

triE:d to bulld up local industries by protecting them through tariffs 

or other meens from excessive competition - this is the we11 known 

' infant-industry ' principle ( 2 ) - a policy for appropriate technology 

l )  One instructive view of the role played by universities of the 
industrialised countries in developing new appropriate technologies 
for the less developed nations can be found in R .J .  Congdon, 
"Appropriate Technology in British Universities" (mimeo ) .  paper 
prepared £or the OECD Seminar on Low- Cost Technology, Paris , 1974 . 

2 )  This principle was first propounded by the German economist 
Friedrich List at the end of the last century . See his National 
S�stem of Political Economy (1885) r,�printed by Kelley, New York , 
l 66 . 
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in the developing cow1tries should consider the arguments in favour 

of 1 infant te chnology 1 ,  and in particular of infant appropriate 
technology . Protecting an infant industry is always expensive in the 

short �un: locally-made prcducts are most costly and often less 

reliable than those imported from abroad . The same is true o f  infant 

tecLul.ology , and one must accept the fact that the purJ.;oSe of R and D 

on appropriate technology in the developing countries and notably in 

their universit i e s , i s  not merely to deveJ_op new teclmologies or new 

product s ,  but also to build up a capability for technological inno

vat:i.on. Mistakes are inevitable and inei'ficiencv v:Jry likely , bui; 

this is normal phenomenon. As Victor f·"artinez has noted , before read

ing Shakespeare , one must know the alphabet , and learninp h0w tc 

master 1:echnology calls first for a mastery of the alphabet of tech

nology ( l ) .  

V .  THE r'lEED FOR APP�OPPIATE r'-ODEnt-: TEC�·�.roLOGY 

U�1iversities in the dew:loping crmntries may well De able to 

make an important cont-:'ibution to the development of new intermediate 

or low-sost tec!'.u"1ologie s ,  desni te their urimary commit-ment to educa
tion and their cultnral bias towards modern technology . Eowever, i f  

one confiiders t h e  ways i n  which their R and D activities could be 

mobilised for development , it is probably a mistake t o  look exclu

sively a� irillovations in low-cost or intermediate technology . Tech

nologies of this ty'f)e are no doubt important , but they cannot solve 

everything. There are a number of complex pY8blems - in agriculture , 

natural resour ce s , transportation or public health - which can only 

be solved through the most sophistiC :L t..'d modern t echnology . One o f  

these for instance i s  the eradica-�ior. o f  bilharz i a ,  a parasitic 

disease which affects hundreds of millions o f  neo':lle in the poorer 

parts o f  the world ( 2 ) . Another is the mapping of undergrow1d mineral 

resources by space sateilites . In the transportat ion field , there 

are a number of alt ernatives to the traditirmal methods like ox-carts 

or the modern methods like truck s , bnt these parall e l  teclmologie& 

( e . g .  the airship) still require a certain amount o f  development work 

before they can become economically attractive ( 3 ) . 

l )  Victor i'lart inez , "Specialised Information Ser-Jices for Te-chnologi
cal Innovation in the Less Develoned Countries11 (mimeo ) ,  paper 
prepared for the OECD Seminar on Low-Cost Technology, Pari f' ,  1974 . 

2 )  Recent developments of basic research on bilharzia illustrate very 
well the role that can be played by universities i n  the develo�in� 
countries . An Ethiopian scientist working in his country has dis
covered that the fruit of the loca1 soapberry plant was a very 
effective , and natura l ,  means of eliminating the water sna i l s  which 
transmit the parasite . 

3 )  See I"or instance Alternative Transport Technologie s  (mime o ) ,  OECD 
Development Centre , Parls , 19-rL+ .  
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Many of the problems which are still unsolved couJ d probably b e  

dealt with succes sfully i n  the next ten o r  twenty years through a 

large scale R and D effort involving the universities of the develop

ing countries . The technologies required to provide new types of crops , 

more effi c i Pnt transportation systems , or a better utilisation o f  

natural resources are i n  many cases neither low-cost nor intermediate , 

but highly sophisticated and very modern . Yet they are particularly 

appropriate , in the sense th3t they try to solve problems which are 

crucially important to the developing countries but which have been 

neglected by the researc� community of the industrialised countrie s . 

The new appropriate technologies required by the developing 

countries can either be low-cost and intermediate or highly sophisti

cated and very advanced . In both case s ,  the universities of the 

developing countries have an important part to play , both as educa

tional centres and as R and D centres .  Their educational mission 

should not only be to train scientis�s and engineers and give them 

the basic qua�ifications for a professional activity in the modern 

world , but also to familiarise them w;.th the social and technical 

prob] ems of the millions of people living in the rural areas . Their 

R al!d D activities should probably focus more on the development o t·  

technology, but this should not b e  at the expense o f  highly sophisti

cate� research in the scientific and technological problems which 

are specific to the developing countries . Their ' modern ' R and D 

activities might well in fact serve as the basis for the creation of' 

new science-based industries focusing on the problems of dt:·velopment . 
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Chapter 5 

BUILDING-UP NEW INDUSTRIES 

The work done by the various appropriate technology groups 

sho.,rs that it is technJ.cally possible to devP.lop new product s ,  pro

duction processes and services which are be-tter adapted to the 

requirements of the rural populations in the developing countries 

than those offered by the capital-intensive high technology indus

tri�s . Perhaps the most important contribution of these groups i s  

t o  show that there are alternative approaches and that the technical 

and human resources of the most underprivileged segments of the popu

lation can be mobilised more effectively than they are now. Develop

ing new technologies to meet what seem to be very real nee·is i s  

however but one aspect o f  the inno\Tation mechanism. Technology is a 

proce s s ,  not an end in itself , and it must somehow be translated 

into new products and new services if it is to be of any use . Products 

must be manufartured and sold , and this can only be done by an indus

trial firm o r ,  if the market is very small , by individual craftsmen . 

In the same way , a service must be brought to the customer, either 

by individuals or by an organisation designed for this purpose , and 

self-help technologies must be taught to the user. 

I .  INDIVIDUAL ENTREPRENEURS AND COLLECTIVE ORGANISATIONS 

Two rather striking conclusions emerge from a comparative evalu

ation or the work done until now by the various appropriate technology 

groups working in the developing countries . The first is the enormous 

importance of individual entrepreneurship in promoting innovation, 

and a rather general scepticism about th� role of government agencies 

and co-operative forms of organisations . The second is that appro

priate or intermediate technology , if it is to make any impact at 

all ,  must be economically, socially and technically competitive . 

Stressing the role of the individual entrepreneur may appear 

like a return to Adam Smith and Joseph Schumpeter, a:J.d an implicit 

criticism of tne organisational forms and ideologies which have 

governed the development effort o f  many countries in the last twenty 

years . Or it mig�t be viewed simply as a reflection of �he pragmatism 
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and realism o f  the intermediate technology proponent s .  There is no 

doubt a certain cultural and social affinity between the philo sophy 

of intermediate technology and the attitudes of the small entrepreneur 

and this may account , at least in part and somewhat subconsciously , 

for the major emphasis given by �any low-cost technology practitioners 

to the role of the individual entrepreneur . 

The experience of the various appropriate technology groups 

clearly seems to suggest tbat individual entrepreneurship is one o f  

the most effective channels o f  innovation i n  appropriate technology . 

This is even more true if one does not consider simply the work done 

by formally organised appropriate technology group s ,  but also the 

much wider informal sector. In that sector, represented by individual 

craj'tsmeo and .s.mall enterpris es , individual entrepreneurship is per

haps the single most important factor of s�ccess in innovation . 

Despite the apparent superiority of individual entrepreneurship ,  

an increasingly large number of developing countri e s ,  for reasons 

which are both ideological and political , have tried to base at least 

part of their development effort on co-operative forms o f  organisation , 

and public entrepreneurship is often viewed as the mainstay of modern

isation . In Tanzania for instance , co-operatives are the main form o f  

organisation o f  the country ' s  economic and social life . 

The difficulties encountered by the co-operative movement in 

many developing countries seem to be due to two types of reasons . 

The first is the high d�gree of administrative and technical skills 

required to operate such an organisation. As far as administraticn 

anQ �anagement is concerned , the co-operative i s  in fact a 1 high

technology ' enterprise , in the same way that the small family firm 

or workshop i s  a ' low-technology ' organisation . If all the members 

of the co-operative are to take an effective part in its activiti e s  

this after all i s  one o f  the b a s i c  principles of the co-operative 

movement - they need to have a relatively high educational leve l , 

and the central group of peop l e , or the individual , who serve as its 

managers must be skilled administrators and, equally important , they 

need to be very highly motivate d .  

The second problem touches upon the very ways i n  which co-oper

atives are formed . If we look at the co-operatives whi c h ,  judging 

from several decades of experience , have been the most successful -

for instance in the Scandinavian countries , in Switzerland or i n  

Israel - o n e  o f  the main reasons for success i ti  that they were 

created by the people whom they benefit . One should not of course 

take &n overly idealiseG view of the social processes of crganis

ational innovation: at the origin of a successful co-operative , there 

is not only a community o f  people sharing the same values and inter

est s ,  but also an institutional entrepreneur and soci�l missi0�ary . 

Yet despite the crucially important part played by such innovators , 
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the success of a co-operative depenrls very much upon the involvement 

of the whole community . 

The gradual building up of a co-operative is a long process 

a�d quite understandably , many developing countries have tried to 

accelerate the process by training administrative staff and estab

lishing new co-operatives by government decree . These co-operatives , 

created by the government rather than by the communities they are 

intended to serve , are usually faced with tremendous admini�trative 

difficulties , and as a result of their political links with the 

government , tend to be viewed with great distrust by the population, 

especially in the r'..lral areas . Large financial subsldies do not make 

them socially more acceptable . In fact , when they do have a lot of 

public money at their d.isposal ,  their members will almost inevitably 

interpret this as a private gr"ant for their own personal use , or as 

a fair compe:nsation for the exactions of the government tax collector . 

In practice , it is often very difficult to compare the rel&tive 

merits of co-operative forms of organisation and private entrepreneur

ship . Co-operatives are usually organised in the service sector ( e .g .  

agricultural marketing , distribut l on of food supplies or basic con

sumer good s ,  etc . ) while private entrepreneurs can more generally be 

found in the production sector , and in each case the conditions are 

very different . There i s ,  however, at least (,l�e practical case where 

a direct comparison can be made . In Indi a ,  the �lanning Research an� 

Action Institute in Lucknow developed a very ef.ficient small- scale 

technology for producing cry�tal sugar( l ) . This technology was dif

fused simultaneously to private entrepreneurs and to farmer co-oper

atives set up for this purpose. A few years later , the results were 

striking: four of the eight co-operative plants set up between 1958 

and 1962 had ended up in bankruptcy and despite consid�rable encour

agement , less than half a dozen new units were created between 1962 

and 1974. By contrast , the individu�l entrepreneurs were �utstandingly 

successfu l :  they had created over 1 ,200 new production units in less 

than fifteen years , and currently account for clcse to 20 per cent 

of India ' s  crystal sugar production . 

This example does not of course mean that co-operatives cannot 

�vrk a� a matter of principle .  In fact , there are a number of success

ful co-operatives throughout the developing worl d .  However, account 

must be taken of the fact that co-operatives are inherently more 

difficult to run than a private enterprise . One interesting example 

in this respect is that of the l i ght engineering industry i:.1 Sri 

Lank a ,  which was reorganised on a co-opera�ive basis , while at the 

same �ime preserving individual ownership of the means of production{ 2 ) . 

1 )  S ee the S"tudy by M . K .  Garg , 11The Scaling··Down of Modern Technology : 
Crystal Sugar Manufacturing in India" , in the second part of this bookw 

2 ) D . L . O .  Mendis , "The Reorganisation of the Light Engineering Industry 
in Sr·i Lanka11 , � · 
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This approach, which tried to combine the advantages of private 

entrepreneurship with the benefits of the co-operative ( for instance 
in the supply of raw materia l s ,  the marketing of the blacksmith ' s  

proaucts and the development o f  new technology} appears t o  b e  one 

of the most promising in the diffusion and application of appropriate 

technology . 

II • THE ROLE OF GOVERNMENT 

Large public or governmental organisations tend to be beset by 

bureaucratic inefficiencies and administrative weaknesses and there 

are some justified doubts as to their ability to promote in a direct 

way the development of appropriate technology . Government agencies 

do nevertheless have a very important role to play . Perhaps not as 

industrial entrepreneurs but rather as the indirect supporters of 

low-cost technology . In every society there are entrepreneurs and 

innovators. But what happens is that the initiative of such people 

is often systematically stifled by the government bureaucracy, the 

banking and credit system, the marketing ane distribution organis

ations and last but not least the social pressures againEt innovation 

and change . 

The guar�,tees required by the credit institutions for ins�ance 

are such that a new entreprene,�r has practically no chance of obtain

ing any f'inancial a.i.d. Import regulations and foreign exchange 

restrictions make it very difficult for him to obtain from abroad 

the equipment he needs either to manufacture goods or to develop his 

own ·� . ., chnology . When he does happen to have money , the priorities of 

the national economic plan do not allow him to invest it as he sees 

fit and he must spend vast amounts o� time and energy trying to get 

approval for his projects . r�om the entrepreneur ' s  point of view, it 

therefore makes much more sense not to engage in industrial activities 

and to devote his energies to socially less productive and personally 

more rewarding activities like trading or speculation in real estate . 

OnA of the tragedies of' this situation is that while governments 

on the one side are trying very hard a�d often at great social and 

f�nancial expense to build up new industries , the institutional 

obstacles to entrepreneurship on the other , �oupled with the competi

tion :from these highly subsidised industries , is stifling the creation 

of new small firms and progressively destroying the economic and 

social bases of the local handicraft� industry . Many developing coun

tries are spending vast sums of money to import foreign technology , 

bu:: at the same time these imports are contributing to the destruction 

of the existing technoloelcal system in a large number of sector s .  

Thus for instance the carpet manufacturing machines imported from 
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Switzerland by one North African country : they r.ave not only ruined 

hundreds of families who had made their town famous for its carpet s ,  

but have also made sure that i n  five o r  ten years time , the knowledge 

of how to make them Wlll also have disappeared completely . 

Clearly the process of creating and diffusing new technology i s  

inseparable from the decay and d i sappearance u f  older technologies 

and obsolete knowledge , and a complete preservation of the past can 

only be achieved at the cost of complete stagnation . But in many 

colli�tr i e s ,  this process of des truction of traditicnal technology i s  
art . ..  fic�ie.lly c.c ,�elerated b y  large-scale i:ru:':c<st:rialisatLm and, · r�1at 

is of much greater consequence i n  the long run , it is destroying both 

socially and morally the very class of people who have the technical 

and inventive ability which is so important in the process of develop

lli.ent . 

This is not to say that the action of government is necessarily 

:1armfuJ or that large-scale indust riali sation as such is an evil . 

Governments can in fact do a lot , for instance by helping to create 

a more favourable climate for the development of entrepreneurship . 

Before even considering what positive measures might be taken, it 

would be useful to start by dismantling at least some of the institu

tional obstacles to entrepreneurship . These obstacles are innumerabl e ,  

but i n  most cases relatively easy to identifJ : �t i s  only necessary 

to ask those innovators who have succeeded in overcoming them . Such 

surveys have seldom been conducted , and if followed up where possible 

by specific remedies would probably be much more useful and effective 

than the somewhat grandiose schemes for technical education , manage

m�nt training or information servicee established by government 

authoriti e s , often on the advice and with the help of foreign aid 

agencies . 

What such surveys would probably show is that the disincentiv�s 

or obstacles to entrepreneurship are rather siMilar from one develop

ing country to another . Among the most conspicuous , one could mention 

for instance the taxation Rystem, which is often very favourab le to 

large enterprises - including foreign firms - and overly harsh on the 

small company . Import regulations are another case in point. To give 

a typical example : in one of the large tropical African countries , 

a small entrenreneur had decided to start manufacturing aspirins. He 

had managed to buy the necessary machines and to import in bulk the 

raw materials he needed. But the refusal of the Mini stry of Trade to 

reduce the enormous duties on small glass bottles , coupled with the 

duty-free imports of aspirin in tub e s  from Germany brought the new 

enterprise to close its doors and ruined the man who had started i t .  
One may o f  course argue that h e  should hav

_
e known about the stru(;ture 

of import duties and import regulat ions be<:-ore starting . In this case 

however - and this "..s not: untypical - regulations are constantly 
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changing , and the entrepreneurs cannot count on the minimum of 

stability which i s  required for building up new industries . 

I I I .  THE SOCIAL PATTERNS OF ENTREPRENEURSHIP 

Creating a more favourable climate for entrepreneurship can be 

greatly facilitated by a number of relatively simple measures . There 

a�e however a number of social factors which cannot easily be changed . 

Among the most sensitive from e political point of view i s  the fact 

that certain types of entrepreneurship are often associated with 

certain ethnic and linguistic groups . In Cameroon for instance , some 

80 per cent of the trade in basic products like oil and soap is in 

the hands of the Bamileke . In Kenya , thP. data show that 93 per cent 

of cew companies registered between 1946 and 1963 belonged either 

to Eu:c'ope.sn or Indian settler s ,  while the total capital of the 

African-o�ned �ompanies amounted to less than 1 per cent of that o f  

all new firms ( l ) .  I n  Thailand , a large proportion of the entrepreneurs 

who have gone into the tr3.Ctor rental business for the green revolu

tion happen to be Chinese . In Zaire, the Balubas represent some 10 

per cent of the population , but reportedly some 70 per cent of the 

university graduates belong to that ethnic group . 

Hundreds of similar examples can be found elsewhere. The social 

tensions which arise from the ethnic or re:igious affiliations of a 

country ' s  entrepreneurs are not of course specific to the developing 

nations , as the history of the Jews in Europe or of the Protestant 

minorities in Catholic countries clearly shows . The promotion of 

entrepreneu-rship , and in parti cular of entrepreneurship in inter

mediate technology , cam10t leave out the cuJ tural , ethnic and 

religious factors ( 2 ) .  

If' ethnic or religio'...<S affil:i.ations are an important determinant 

in the patterns of entrepreneurship in a country, the same is also 

true of a society ' s  system of values or it� social traditions , and 

such things take time to change . That entrepreneurship i s  good for the 

economy i s  one thing , but its social acceptability i s  another . The 

motivations of the man who star-ts up a new enterprise are very com

plex , and he Wlll tend to go into activities which are approved by 

the majority and which give him both .financial rewards and social 

prestige . These activities are not necessarily those which contribute 

1 )  S e e H .  Kristensen , "The Technl'logy Problem in Rural Small Scale 
Industrie s :  A Case Study from Kenya" (mimeo ) ,  paper prepared for 
the OECD Seminar on Low-Cost Technology , Paris ,  1974 . 

2 ' One interesti�g way to deal with this problem i s  that of INADES in 
the Ivory Coast ; in that country , most of the trandesmen are 
foreigners - Lebanese , European or Malian - and INADES has attempted 
through its training programmes in the commercial field to build up 
a '.-lass of Ivorian merchants and shopkeepers . 
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most to increasing the gross national product or to developing the 

cour.try ' s industrial basis .  As P . D .  llfalgavkar has observed in his 

study of the tecl'mo-entrepreneurs of the Poena area, one of the most 

positive result s  of their work had been to bring about a gradual 

change in values and to make industrial activities socially more 

acceptable and more prestigious than they were a few years ago . This 

in turn is motivating other potential entrepreneurs to start up new 
firms ( l ) . 

IV . THE POLITICAL LEGITIMATION OF APPROPRitcTE TECHNOLOGY 

The growing interest of many governments and aid-giving agenc.ies 

1n appropriate technology can contribute nvt only to its development 

and widespread diffusion but also , and this is in some ways more 

import&nt , to giving it the social and cultural prestige which it 

now lacks . There are clear indications that intermediate technology 

is now moving from a somewhat marginal position in development policy 

to a much more central role. This process of institut ionalisation 

means that more money will be availab1e for new experiments .  Needless 

to say , there are certain risks , and one of the main ones is that of 

bureaucratisation . However one should not overlook the major social 
an.d psychological importance of this new trend . 

As long as governments and aid-giving agencies , both national 

and international , were concerned almost exclusively with large-scale 

projP.cts and modern industries , it required an enormous amount of 

independence of mind on the part of the intermedia�e technology pro

ponents and the few local entrepreneurs in the developing countries 

to stand up against what everyone else , including the experts ,  
thought wa.s r·ight . Marginality i s  not of cour.se a deterrent to the 

true missionary , quite the contrary , but in this case it meant that 

intermediate technology had little chance of involving the millions 

of people who form the silent majority , and who stand most to benefit. 
from it . 

The active interest o f  national governments and foreign aid 
donors in low-cost technology could reverse this situation by legiti
mising the efforts of local entrepreneurs and innovators in this 

field ar.d by providing powerful incentives to those who might other

wise have gone into socially less productive activities . In a sense, 

the social function of this institutionalisation of the appropriate 
technology movement is not only to develop new technologie s ,  impor

tant as this may be , but to create the cultural and psychological 

conditions for the development of entrepreneurshiP and innovation . 

l )  P . D .  Malgavkar , "The Role of Techno-Entrepreneurs in the Adoption 
of New Technology", in the second part of this book . 
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In this respect , it i s  i�teresting to note the role which i s  

being played b y  the United States in the legitimation of appropriate 

teclliio logy . For several decade s , the industrial and technological 

exp�riences of that country have played the role o f  model or yard

stick f·?r other industrialised countrie s , both East and West . Witn e s s  

for instance the way in which other countries have tried to match , 

in relative terms at le&.st , the American investments in research and 

development , their fascination with American management methods or 

their attempt to build up industrial firms which were as large a s  

American companies . A t  the same time that these countries are trying 

to replicate some o f  the United States ' industrial and technological 

experiences , the model country is itself undergoing very deep changes 

whi c h ,  ?.s J .  F ,  Revel has noted , are symptomat ic of' what may well be 

the only true social and political revolution o f  the last half of 

this century ( l ) . 

One man lfestation of this revolution is the movement of popula

tion away from the very big cities and , more recently , the return to 

the rural areas .  The latter treud is now sufficiently. important to 

l:!ave become statistically significant . The -;2venteen mainly rural 

U . s .  states ( e . g .  Maine , Minnesot a ,  Iowa , the Dakot a s , Nebraska , 

etc . ) which between 1940 and 1'-170 had exnerienced very high rates 

of emigrat ion , have witnessed a complete turnarolli�d . and since 1970 

have become areas of net immigration ( 2 ) . Th:.s ruralisation trend , 

·which is associated to a large extent with the ecology movements and 

w.ith American society ' s  critique of its industrial way of life i s  

having a direct effect upon the development o f  technology . Hundreds 

of new industrial firms have sprung up in the last few years to meet 

the needs of this new rural market , and now manufacture such products 

as hors e-drawn ploughs , windmi l l s ,  solar heaters and low-cost food 

storage equipment . 

Significant changes are a l s o  taking place in the political sphere 

both at the federal and state level . California for instance is con

sidering the ways and means to develop appropriate t e chnology to help 

solve the problems of i t s  immigrant workers , and several !"ural states 

( e . g .  Montana ) have established , o r  are planning to set up appropriate 

technology centres . At the federal l evel , and notably wi tt.in Congre s s , 

there is a widespread interest in alternative technologies and the 

creation of a National Appropriate Technology Centre is under consider

ation. This i s  likely to have a direct impact in the international 

field; one illustration i s  the b i l l  passed by Congress in Se-ptember 

1 )  -Jean Fran c o i s  Revel , Without Marx or Jesus , Doubleday , New York , 
1971 • 

2 )  William N .  Elli s ,  11The New Rural i sm :  The Post-Industrial Age i s  
Upon Us " ,  The Futurist , August 1975 . 
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1975 which allocated .'�0 million dollars to the Agency for Inter

national Deve lopment to spend en the promotion of intermediate tech

nology for the developing countries between 1976 and 197g . 
The fact that this interest in intermediate technology i s  shared 

not merely by marginal group s , as it was a few years ago , but also by 

national p o l i cy-makers , i s  en�J!'mously important . In the sa me way that 

American experiences in high teclmology served a s  lef.itimatirm and 

justification for industrial policies in Western E11rop e ( l )  and in 

many developing nations , the coming of age of intermediate � e chno1 ogy , 

which i s  rapidly being translated into institutional and t echnologic a l  

innovation s ,  could serve as a powerful motivation f0r similar efforts 

elsewhere , and notably in the developing nations . If the United States 

is taking intermediate technology very seriously , this i s  a st-rong 
indication that it i s  a viable proposition. and in a sense this 

interest is the political and psychological breakthrough which is 

necessary to turn intermediate te chnology into a serious alternative 

for the development o f  low-income countries . 

One should not of course underestimate the pro b l ems which this 

legitimation o f  intermediate technolog" i E'� likely to cause in sf•vera] 

developing countri es . Socially and politically, intermediate tech

�ology is not neutral . One of the b a s i c  as sumpt ions of its proponents 

is that it should be aimed primarily at the poorest segments of the 

population , most of whom live in the rural area s .  How this can be 

done most effectively is not entirely clear . One of the means is t o  

try gradually , through education , extension services , financ ial 

assi stance and social rehabilitat-ion to identify and stimulate the 

entrepreneurial and innovative forces which exist in all comm1mi ties 

but which have �een weakened and repressed by the existing economic 

and social system. 

What must not be overlooked however 5.s that these entrepreneurial 

forces , once released , will not focus exclusively on building up 

small i •1dustries and developing new technologies , but will a l s o  in 

many cases address themselves to social reforms and political char.ge . 

The social background and the psychological dispositions which make 

a man a gcnd potential entrepreneur are no gl.'anmtee that he will 

become an industrial entrepreneur and thereby contribute to increasing 

the gross national product . He may just as well become a political 

entrepreneur and a social revolutionary ( 2 ) .  This is not necessarily 

1) Thi s phenomenon has been analy sed in Raymond 'J"erncn ( e d . ) .  l3ig. 
Business and the State - Chan�in� Relations in Western Europe , 
Harv:ard 'J':liversi ty Pre s s , Cam ri ge , 19'74 .  

2 )  I t  may b e  interesting t o  note here that the psychological dis
positions which make a man a good entrevreneur ( inventivene s s ,  
creativity , need for independence , etc . )  are also characteri stic , 
as several recent studies have shown , of the successful criminal 
and law-breaker . 
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negative : it may in fact be one o f  the most effective means o f  stimu
lating a real development p�ocess in the most underprivileged seg
ments of the population . 

V .  THE LIMITATIONS OF PLANNING 

.Another political and social i ssue raised by the development o f  
appropriate technology touches upon the limitations o f  economic and 
industrial planning . A large number of developing countries today 
have a national Plan and a large bureaucracy to implement it . Aside 
from ideological choices and political fashions , one of the motiva
tions for planning is that market forces , both national and inter

national , are not conducive to real development . Since human and 

financial resources are limited , t.hey should be char..nelled in priority 
into those ar�as which are likely to have the largest multiplier 
effect from an ec onomic and social point of view. I f  the mot-ivations 
for planning are perfectly legitimate , the results r1re often dis
appo inting . For one thing , national econumic or industrial planning 

is from an administrative point of view a ' high-technology ' activity 
which requires not only an efficient information system, but also a 
high degree of administrative ccmpetence . This means not only a large 

number of highly-qualified people , but also what might be called an 
administrative or pub:ic se�Jice tradition. In many developing coun

trie s ,  none of these requirements are fulfJlle:d . 

Planning inevitably breeds the idea that it is possible to con
trol and direct all of a country ' s  economic and industrial activiti e s .  
I t  may indeed b e  relatively easy t o  decide upon the construction o f  

a steel mill , a big dam o r  an electricity distribution system . Such 
projects can be analysed in terms of costs and return on investment , 
and the technical expertise needed to carry them out is usually avail

able from abroad . However they represent only a small fraction of the 

economic and industrial activiti e s  .in a country . What makes an economy 
work are the hundreds and thousands of farmers , craftsmen , tradesmen , 
repairmen and industrial workers who provide their fellowmen , oftr.� 
on a very small scale , with the vast range o f  products and services 
they need. 

To the economic planners , the way in which these activities are 

orga�ised may seem irrational and inefficient , and there is an almost 

inevitable temptation to reorgani s e  them in a more coherent way . For 

instance by replacing th·") thousands of small trucking ccmpanies by 
one large transport co-operative , by setting up price contrvl mechan

isms for basic products like bread, rice or flour , or by bringing 
all the small tradesmen to form a large marketing organisation. What 

usually ensues from such reorganisation efforts is at best another 
type of inefficiency, and at wor& complete chaos . Even in the most 
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underdeveloped and undifferentiated society , the economic system i s  

probably �oo complex and diverse to b e  organised i n  a rational way . 

What appropriate teclmology has to 0ffer here is not a means o f  

controlling and operating t h e  economic system i n  a coherent way , but 

rather a series of te:chnical tools to reC.uce the ineff.L�iencies in 

specific areas . A very simple example can illustrate thi s .  In most 

developing countrie s ,  the small farmer sells part of his surplus 

production on the open market . Since all farmers are doing the same 

thing at the same time , prices collap se , and the farmer has little 

incentive to produce more than he needs . To the economic planner , 

one solution might be to impose some minimum price for agricultural 

products . To the intermediate t echnology specialist , the solution 

lies elsewhere , namely in developing a number of simple storage 

methods which will allow the farmer to stock his surpluses for a 

few weeks or a few months , and thereby to obtain a better price from 

the consumer or the trade sman . 

VI . THE COMPET ITIVENESS OF APPROPRIATE TECHNOLOGY 

One of the most important yet often overlooked factors in the 

diffusion of intermediate technology is its competitivene s s .  A tech

nology will not be adopted by the producers or the consumer for the 

only reason that it is new, quite the contrary . Novelty as such is 

often an obstacle rather than an incentive to its diffusion , especi

ally in the rural areas . What i s  important is that it should be 

technically and economically more advantageous than both the existing 

traditional t e chnologies and the modern technologies embodied in the 

products of large-scale industry . It must also be commercially viable 

and capable of producing a surplus for those people who will be using 

it . 

Two big difficulties arise here . The first is that the range o f  

intermediate technologies which c a n  be d eve�oped i s  considerably 

wider than the number of those which meet these basic conditions o f  

competitivene s s .  One can wonder f o r  instance whether t h e  cow dung 

gas cooker , which has been in the process of development for some 

forty years in India , is really competitive with the traditional 

wood or coal cookers , or with the modern butane gas stoves manufac

tured on a large scale by industrial firms . The same observation 

might be made about the rainwater collection system promoted by � 

French organisation in West Africa ( l ) .  The plastic sheets covering 

1 )  S e e P .  Mart in , "Technica: Note on the Collection and Storage o f  
kalnwater11 (mimeo ) ,  paper prepared for the OECD Seminar on Low
Cost Te�hnology , Pa�is , 1974 . 
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the traditional roof may wel1 be t e chnically appropriate , but one o f  

the alternative solutions , namely the tin roof, i s  not only techni

cally simpl e r ,  but socially much more prestigious : the tin roof, 

quite apart from its practical convenien c e ,  i s  one of the most con

spicuaus signs of affluence and a top priority in a family ' s  invest

ment s .  

The second problem i s  that it i s  generally very difficult to 

evaluate the competitiveness of intermediate technology. Part of the 

problem stems from the fact that the concept of 1 competitivenes s • or 

1 efficieney 1 covers three very d i fferent notions . The first is what 

might be called the technical or engineering efficiency of a new 

product or a new way of doing things . The second is its economic 

viability , and the third its social and cultural acceptability. On 

the basis of these three criteria , intermediate technology must then 

be compared with the traditional technologies and with the large

scale te chnologies of modern industry . Th: j gives six criteria of 

compet itiveness which can be presented in the form of a simple matrix 

as follows : 

CRITERIA OF COMPETITIVENESS OF APPROPRIATE TECHNOLOGY 

Engineering efficiency 

Economic viabil ity 

Social acceptability 

Competitivenes� Competitiveness 
vi s-�-vis j v i s·-8-vis 

traditional modern 
technologies technologies 

In theory , the intermediate t e chnology which stands the greatest 

chance of success on the market i s  the one whic h ,  on the basis of 

these criteri a ,  happens to be the most competitive or the most effic

ient . In reality things are considerably more complP.x and the success

ful irillovator often has to rely more on his own experience and his 

personal hunches than on rational economic and technical analyses. 

This set of criteria does however suggest three important point s .  

The first i s  that social o r  cultural acceptability i S  often a major 

factor in the success or failure of an innovation . Because it is so 

subjective and ill-defined , there is an obvious t emptation to favour 

the more rational criteria of engineering efficiency or econo::J.i <! 

viability. The se cond point is that intermediate tec�oiogy has to 

compete not only against the existing traditional technologie s ,  
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but also against the whole teclmological system of modern industry 
which in many cases is remarkably efficient . 

The third point is the dynamic nature of the technological sys
tem. The criteria indicated here can give some idea of the competi
tiveness of intermediate technology today . As time goes by, howeve r ,  
they can change very substantial l y .  What is socially acceptable today 
may no longer be so ton1orrow . For instance t in one cotton-growing 
country of Africa , workers are no longer prepared to do the picking 
by hand, and large-scale picking machines had to be introduced to 
meet this problem . In the case of India , one may wonder if the plans 
of some appropriate technology groups to make a much wider use of 
cow dung as a source of energy are realistic, considering the incon
venience of collecting the raw material and �he increasing reluctance 
even of uneraployed people to do this work ( ! ) . 

Technology , and in pa��ticular the modern technology against 
which appropriate technology has to compete , is in a process of 
co!lstant change . And the basic economic assumptior. "�on which an 
innovation is based - cost of labour , price of raw materials , import 
duties , etc. - can change radically within a period of a few years . 
Many entrepreneurs sense this very clearly, and it is irteresting 
to observe that in a number of cases their technological choices 
anticipate by a few yearB what is likely to happen in their country . 
Industrial wages for instance may be very low today , but most private 
entrepreneurs expect them to rise, and this, coupled with the develop
ment of trade-union�sm, almost inevitably brings them to choose more 
capital-intensive types of technology. This is the case for instance 
in the Bolivian cigarette industry and the Cameroonian soap industry . 

What the shifting nature of these criteria suggests is that 
appronriate technology� if it is to succeed. must not only be competi
tive today , economically, technically and culturally, with existing 
technologies: it must also have what might be called an evolutionary 
capacity . The problem is not merely to develop new technologies to 
meet an immediate need , but also to build up an innovative capability , 
o r  i�-�ovation system. What international technology transfers can do 
is to introduce new ideas , new forms of knowledge and new ways of 
doing things. But what they cannot do is to help huild up within the 
importing cnuntry the entrepreneurial and innovative basis which in 
the long run will ensure the widespread diffusion of appropriate 
technology . 

1) M . M .  Hoda , 11The Energy Situation in India11 (mirr.eo ), paper prepared 
for the OECD Seminar on Low-Cost Technology , Paris , 1974 . 
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Chapter 6 

POLICIES FOR APPROPRIATE TECHNOLOGY 

The design of national policies for appropriate technology is 

still very much in its beginnings, and there are no real models to 

serve as reference points. A number of countries, Lvth industrialised 

and developing, have made some very interesting experiments and the 

activities of the various appropriate technology groups have shown 

what were some of the main problems of innovation, and pointed to 

the directions in which a policy for appropriate technology might 

move. These experiences however are probab:y not sufficient to provide 

a clear-cut answer to the question which national policy makers, aid

giving agencies and private industry are beginning to ask, namely, 

what can be done in practice to foster the developme:t;_ .. _ and diffusion 

of appropriate technology? 

I. THE GENERAL PRINCIPLES 

A certain number of general principles are nevertheless be5inning 

to emerge. The first is the need to recognise that appropriate tech

nology does not consist solely of what has been developed by the 

existing appropriate technology centres. These organisations are 

playing a vitally important role as pioneers, knowledge centres, 

political lobbyists and social missionaries, and will probably con

tinue to do so for a long time to come. But a national policy must 

take a wider view and try to enhance the vast stoCk of appropriate 

technology developed by small local firms, -individual craftsmen and 

i�ventors, farming communities, educational institutions, charitable 

organisations and institutional entrepreneurs. Along with this pool 

of technology which belongs for the most part to the 'infvrmal' 

sector, there is also a vast amount of technology from the industrial

ised countries which in many cases is equally appropriate, and which 

could be used in a much more effective way. The appropriate technology 

groups represent in a sense the tip of the technological iceberg, and 

one of the aims of a national policy is to explore and exploit that 

part of the iceberg which lies below the surface. 

A second general principle is that centralisation and co-ordin

ation from above is not the most effective approach to innovation in 
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appropriate technology. What is needed is not a monopolisation of 

the inventive process by government but a much greater degree of 

initiative throughout the economic and political system or, to put 

things somewhat differently, a form of technological federalism, 

with initiatives and innovations coming from al.: levels. This diver

sity necessarily implies a certain amount of disorder, duplication 

and apparent inefficiency. But innovation, like biological processes, 

is inherently wasteful, and order grows out of disorder. 

l'ihat this means in prectical terms is that a policy for appro

priate technology should involve a"' "fide a number of institutions 

and people as possible. For instance the banks, which have a major 

part to play in financing new enterprises and industry, the school 

system which shapes the children1s attitudes towards technology, and 

the big industrial corporations which have a strong technological 

capability, and whose growth is dependent upon their abi1it;y to meet 

the changing needs of the market. It shCJuld also involve government 

agencies which, like the Finance Ministry through its fiscal policy, 

can have a major impact on innovation, or which, like the judicial 

and legislative system, have an important role to piay in social 

regulation. It might equally well involve the armed forces, which 

in many countries are actively engaged in technical education as 

well as in the transfer of sophisticated foreign technolo5y. 

The third general principle is that a policy for app�opriate 

technology, whether it is initiated by government, priv&t€ industry, 

non-profit institutionsor any other organisation, cannot and should 

not focus exclusively on the development of new types of hardware. 

Hardware is undoubtedly very important but so are new forms cf organ

isation, more efficient uses of existing resources, and faster trans

fers of knowledge between sectors and between regions. 

Until now, the pioneering role in appropriate technology has 

been played for -the most part by private organisations - like the 

Intermediate Technology Development Group in England, the Gandhian 

Institute of Studies in India - or by semi-public institutions like 

the universities. Viith the progressive institutionalisation of appro

priate technology, the time has come to start thinking of the ways 

in which national governments (including local authorities) could 

become more effectively involved. Governments may not necessarily 

\ 

be the most appropriate institution to promote intermediate technology, 

but their impact on innovation is considerable, and it can in many 

ccses be made more effective. 

One of the first areas of government activity which can be con

sidered here is the national science and technology policy. The 

research system represents a substantial part of a country's jnnova

tive capability, and the future of intermediate technology depends 

to a large extent on reorientations within the research system, which 
in most cou.."ltries is heavily if not totally supported by public funds. 
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II, SCIENCE POLICY AND THE CONSTRAINTS OF PENURY 

Like any other political constituency. the research community 

will try to obtain more money from the government , and national 

science and technology policies have had little difficulty in adapt

ing in the 19501s and 1960's to rapidly growing budgets . The next 

ten or fifteen years , both in the industrialised and the developing 

countriesf show every sign of being much less easy . Financial restric

tion s ,  coupled with a somewhat more sober assessment of what science 

and technology can really achieve , have brought about not only an 

effective halt in the growth of most national science budget s ,  but 

also in many cases an actual decrease . The same phenomenon can be 

observed in a number of large multinational corporations . This new 

era of penury is not of course affecting the whole system in the same 

way: changing national priorities have led tc enormous increases in 

research and development expenditures in a few selected areas - energy 
is the most conspicuous case today - matched by equivalent decreases 

in others. 
These changes have a number of implications for sc.i.ence and 

technology policies in the developing cour.tries . The first is that , 

with the exception of some oil producing nations , financial restric

tions to the grovnh of R an1 D activiti�s have bec�me , or are rapidly 

becoming , even tighter than in the industriallsed countries . There 

are two reasons for thi s .  One is that R and D usually is much more 

expensive to undertake in a developing nation than in a country with 

a well developed technological infrastructure , and its produ�tivity 

is generally much lower . The other is that the social cost , or oppor

tunity cost of research , i s  ohe or two orders of magnitude higher 

than in the industrialised countrie s .  A rough estimate of this cost 

can be obtained by comparing for instance the cost of a researcher 

( including his training abroad and the equipment which has to be 

imported for his work ) with the income or production of an average 

worker, or with the total amount of taxes paid by the latter to the 

government . The figures show that in a typical developing country , a 

researcher 1 consumes 1 the economic surplus of be+· . ..-een 1 , 000 to 50 ,000 

farmers , while in an industria.i.ised cormtry , he consumes the surplus 

of ten to a hundred industrial worker s .  

The very high social cost o f  � and D i n  the developing countries 

and its relative inefficie.�1cy means that investment will increasingly 

be allocated to immediately productive activities rather than to 

research . 

In the newly-rich developing countries , the sa:ne slow-down of 

R and D activities is likely to occ1r , but for the opposite reasons . 

The large sums of money which have suddenly become available have led 

to enormous increases in industrial investments , which in turn are 
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absorbing most if not all the scientists and engineers who, under 

other circUffistances might have gone into research. The science and 

technology system of the developing countries, which is still very 

small, is thus threatened on two sides: in the poor nations by the 

shortage of money, in the rich nations by the rapidly growing shor�age 

of qualified manpower. 

In almost all the developing countries, population is increasing 

rapidly, consumer demand is moving ahead, expectations are rising 

anu social tensions, real or potential, show little signs of abating. 

What \..1:is means is that the needs for innovation, and particularly 

for industrial and technological innovation in the modern sector and 

for agricultural innovation in the traditional sector, will continue 

to grow rapidly in ·the years t,i r orne. This demand for new technology 

can be satisfied only �n part oy imports: foreign technology is 

expensive and it is often unsuited to the economic and social environ

ment of the importing countries. At any rate the range of technologtes 

required by the developing nations is so wide that an exclusive 

reliance on imports is in the long run nntenable from a financia·l 

standpoint, even for the richest of the developing countries(l). 

In other terms, an increasingly large share of the demand for 

technological innovation will have to be met by the local science 

and technology system. How this can be done in view of the very 

limited financial means available to the poorer c.ountries, and the 

dramatic shortage of highly qualified people in the richer countries, 

is one of the difficult questions policy makers will have to face in 

the years to come. What is required in effect is a redesign of the 

somewhat ineffective national policies for science and technology 

which have been developed in the last ten or twenty years, ard the 

development of what might be called approp!"iate or intermediate science 

policies and technology policies. 

The science and technology policies which now exist in most 

developing nations are practicr .. lly a carbon copy of those which can 

be foWld in the industrialised. countries. Their institutional set-up 

is the same, the methods of intervention are similar, and the R and 

D objectiv�s are not very different. Furthermore, as a result of the 

conununications nct· .. ·orks of modern tecf"illology, the research system of 

the dev·:"'loping countries tends to be much more closely integrated 

into the world research system, which is dominated by a few indus

trialised countries, than into the local economy. Finally, part of 

the research performed in the developing countries is aimed at 

1) This problem is clearly illustrated by one oil-producing country 
which is currently spending 40 per cent of it.s oil revenues on 
the import of food, despite the fact that some 70 per cent of the 
population is eTDployed ( or partly unemployed ) in the agricultural 
sector. 
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solving the problems of the industrialised countries , and consequently 
does not contribute much to meeting local needs . 

It would of course be completely unrealistic to �1ggest that the 
developing countries should dismantle in a deliberate way the small 
moclern science and technology syStem they have managed to build up , 
often at considerable expense , o ver the l ast twenty or thirty year s .  
There are however a number o f  ways in which national science and 
tec P�ology policies could help to make it more effect i ve .  The idea 
here is that national policies for science and technology shou�d 
take at least part of their inspiration from the principles and the 
philosophy of �he appropriate technology movement . 

III . REGIONALISATION AND DECENTRALISATION 

In most developing countries as well as in a number of indus
trialised countries , the science and technology system is highly 
centralised , both geographically and administrat i vely. This form of 
organisation, which us ually results from history or from political 
and social tradi tions , is perhaps justified in the case of certain 
larg e-scale project s ,  but it is generally recognised :.:uday t hat the 
less centralised sys tems �re more efficient. One of the policy innu
vations of the l ate lS:- ·., and early 1960's was the idea of a national 
science plan or technology plan ,  and tha creation of centra:L minis
tries dealing with science and technology . One of the next innova
tions, now in the process of development in several countries ( United 
Stat�s , Canada, West Germany , Brazil ,  etc.) is the concept of a 

regional or provinci al science and tec.hnology plan ( l ) .  
Th� idea here is not simpJy t o  decentralise the research system by 

government decree , but t o  stimulat e ,  by both public and pri vate mean s ,  
the creation o f  local systems which are financed , operated a nd indepen
dently controlled by local government authorit.ies and by t he local 
community. This regionalisation of science and technology policies 

has two advantage s .  One is the much closer convergence between the 
real needs of the local community and the R and D activities of the 
scientific est ablishment . The other i s  the possibility for the 
regional system fu,d its sponsors t o  initi ate research in areas which 
are unfashionabl e ,  or which have been neglected by the central govern
ment , bPt which might nevertheless be of considerable importance to a 
particular region or communj_ty . One illustration here ia the research 
on sailships financed by the Hamburg City Council in West Germany . 

1) Cf. The Research System, Vol . III , OECD, Paris ,  1974 . The links 
between reglonailsm, competition and creativity were discussed 
in the first half of the last century by the French economist 
J . C . L .  Simonde de Slsm0ndi in his Hi�toire des r�publigues 
itali.ennes du mosen �pe, Paris ,  18ZiD. For an excerpt from this 
book,  see f'uiur1 les ,  Summer 1975 . 
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Another is the research on oil sands and on coal conversion sponsored 

by the Alberta Research Council and the Alberta Cover�ment in Canada. 

This type of decentralised .:�r regionalised scier.ce policy seems to 

be particularly well indicated for the development of intermediate 

technology, at least in those cotmtries which have more than a :few 

hundred thousand inhabitants . 

Partly as a result of the absence of a significant infrastructure , 

most if ::1ot a.Ll the scientific and technological research activities 

in the developing countries are controlled and financed by the central 

government . The growing interest of many governments in appropriate 

technology , coupled with the tradition of government monopoly in the 

field of science and technolog� carries with it the risk of a govern

mental take-over of all R and D activities in i�termediate technology 

o r ,  in other terms , of a destruction of the decentralised or 'federal ' 

type of o r2'anisation now g ·�adually being establi.shed by private and 

non-governmental organisctj.ons. One of the basic aims of national 

science policies should be to encourage, or at least tolerat e ,  this 

federalism rather than try �o suppress it for the sake of c0-ardin

ation and rationalisation. The research system is much too �omplex 

and delicate to be organised in a� orderly way , and a large part of 
its internal dynamism stems from duplication, competition and discrdcr. 

It is well to note that de�entral i sation and local initiative , 

wi1ile necessary to the large-scale diffusion of appropriat� technology, 

may stand in direct opposition to political priorities. One of the 

major tasks facing developing countries is to build up a viable 

nation-state . The odds are often enormous: time is short , the economy 

underdeveloped, ethnic conflicts close to the surface , and communica

tions difficult. Extreme centralisation is usually the answer , and 

regional initiative s ,  whatever their origin or their object , often 

tend to be viewed as a threat to a faltering national unity , or at 

best , as an obstacle to the smooth working of the central bureau

cracy(l) . In this perspective , modern technology and the crcatioL of 

large-scale industries are �sually seen as a unifying political tool . 

The intermediate technology movement with its emphasis on local 

initiative, diversity and self-reliance , its distrust of governmental 

action and lts scepticism about modernisation at all costs , clearly 

represents a potentially destabilising politlcal force . Poor farmers 

who are gradually taught how to make new tools and run their holding 

in a more rational way , very quickly learn that some of the big 

1) The .study by D.L . O .  Mendis, 11The Reorganisation of the Light 
Engineering Industry in Sri Lanka1' , i n  the second part of this 
book , suggests that the promotion of appropriate technology 
requires working against the 'system ' .  In India , at least one 
appropriate technology group has ,  at times , been subject to 
considerable harassment on the rart of the bureaucracy. 

- 103 -



problems they face are in fact due, indirectly or directly , to the 
central 5overnment ' s  modernisation drive. And the ethnic groups or 
the regions which , for cultural or social reasons , are more Apt than 
others to seize the advantages offered by intermediate technology, 

can easily come to represent a political and economic threat to other 
groups , and notably to the ruling elites . One of �he big problems 
which many developing countries have to face i5 that of preserving 
a certain balance between the centrifugal forc�s of diversity and 
the centrlpetal forces of modernity, and any national or regJ.onal 
policy for appropriate technology must take this into account . •  

IV.  THE PROMOTION OF LOCAL TECHNOLOGICAL 'rRA:>ITIONS 

One of the fascinating questions in the social history of tech
nology is the association of certain ethnic , religious or social 
groups with part.icular types cf technology . The case of the watch
making industry in the Swiss and French Jura and the German Black 
Forest is a classic example . The same phenomenon can be observed in 
almost every country: witness the Thai met.al working tradition , the 
Jewish Yemenite silversmiths ,  the Afghan or North Cameroonian leather 
·o'/orl{s, the Iranian carpets. or the firearms manufacturing tradition 
in Northern Pakistan . In most cases , we do not know why a particular 
town or social group came to develop such a tradition, and little is 
known about the cultural and social processes thr·:mgh which it is 
transmitted and improved from one generaticn to another . Most of 
these technological traditions are disappearing rapidly although 
they have in some cases been successf�lly revived: for instance,  the 
Indonesian batik industry . Along with the technology, what also 
1isappears is its underlying culture , its values ,  its system of 
learnir�g and such important things as pride in one ' s  work and social 
considere"..:ion. 

One of the aims of a national policy for intermediate technology 
might be to try to identify these local traditions ,  and attempt to 
use them as a basis for the development of new but somewhat related 
technol�gie s .  The idea here is not to return to the past and to 
rebuild an industry with little :futurP, but to help those who have 
generations of exp&rience behind them make the transition and adapt 
in an innovative way to the new needs oi the community . The craft of 
the silversmit� can be i�ensely important in �aking or repairing 
small machine s ,  the art of the potter can be usefUl in building up 
a water distribution syotem or an irrigation network, and a tradi
tional gun-maker can learn how to make more complex metal-working 
equipment . 

There are no simple ways of build1ng-up such local technological 
traditions, and time is often the determining factor in success or 
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failure . several appropriate technology groups have been quite suc
cessful in upgrading and developing a local technological basis. One 
very good illustration is the work done by the Planning and Research 
Institute in Uttar Pradesh : the "'traditional skills of the local 
potters have been systematl.cally upgraded , new products have been 
developed with the help of extension agents, and this 1nJw1 industry 
has become sufficien·Cly competitive to be able to meet on equal termc 
tl�e competition L·om larg?-scale industrial firms (1). 

What is often overlooked is the fact that these technological 
traditions carry with ther.l a certain psychological jmage , which from 
a marketing point of view can be extremely important . 'l'hls image oi 
a product or a technology often survives long after the tectm"logy 
has disappeared. Mos1� people i:1 Etlrope have heard for instance of 
the steel blades which made the i:own of Toledo in Spain so famous , 
yet the technolJgy was lost several genera�ions ago. Many of the 
traditional technologies which have survived in developing C'?Uittries 
todc.y are well known outside their area of origin, and the reputation, 
or image , which some of them stj_ll have , is a major asset which could 
be exploited in a much more effe�tive way . 

It is quite clear that all the existing traditional technologies 
cannot be systematically upgr�ded and improved .  Furthermore, the dis
appear&�ce of technology is a normal social phenomenon which is 
t:".losely linked with the overal] processes of technologir;al change. 
Yet it is surprising to see that vir�ually no systematic attempts 
have been made to draw up inventor:_as of these existing stocks of 
technology. Without such inventories , it is difficult t.:::� know what 
exists, let alone what could be improved and developed. New nations 
are always anxious to discover, or redi.scover , their past ( 2 ) , yet 
fe"r of thel!l have really tried to take stoc.k of what they had in the 
field of tech..Tlology . Drawing up such inventories is one of the many 
tasks which a national policy for appropriate teclmol0gy might t;-y 
to tackle. 

V .  THE SCHOO! SYSTEM AND THE UNEDUCATED INNOVATOR 

Modern science and technology, and national science policies 
are closely associated with the universities which supply the system 
with �he highly qualified manpower it ne�ds and perform the greatest 

l) Se�-� M,K. Garg� "The Upgrading r.: 'l':-:...ditional Technologies in 
Inai a :  Whiteware Manufacturing and the Development of Home Living 
Technologies", in the second part of this book. 

2 )  It may be interesting to note in this connection that one of the 
fastest growing ' industries' in the developing countries today 
is archaeology. 
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part of a country's fundamental res��rch. In the same way that the 

university is the cornerstone of modern science and technology, the 

primary and especially the secondary school is a basic element in 

intermediate technology. One of the functions, unt·ortrmately rarely 

fulfilled>of tGe primary and secondary school, should be to give 

childr�11 a certain feeling for technology ir. general, and for the 

appropriate "!:echnologJes useful in everyday life in particular. With

out trying here to outline how this might be done - there are in fact 

a number of very interesting experimentz now going on in many develop

ing countries(l) - one can suggest that the schools and the teacher 

tra�ning cu..i.leges snould be one of the main centres of attention of 

a national policy- for intermediate technology. 

One of the reost widespread assumptions about the science and 

technology system is that innovators are primarily highly educated 

people and that most innovations come fro� large research laboratories. 

As a result:- national science policies ere almost unanimous in stress

ing the r:.eed. for training more rmiversity graduates anu, rmtil quite 

recently, in emr�.nsi sing the vi tal i�portance of greater expenditures 

in research. Industrial history however clearly shows that a large 

numter of important innovations are made by individuals with little 

if any university education, and even today the correlation in most 

ir..dustrialised co1mtries between inventiveness and educational level 

is far from being conclusive. 

"rfuat this suggests :f'Jr national policies vis-8.-vis intermedidte 

tecimology is that the promotion of invention and innovation should 

focus iL priority on this vast pool of formally uneducated entre

pren�:mrs and innovators which exists in every society, but which is 

being either neglected or repressed as a result of the unduly optimis

tic belief in the '.- .i.rtues r)f higher education. The idea the+ science 

policy or technology policy should be based upo!"! people with no train

ing in science and only a very empirical knowledge of modern tech

nology may be anathema to science policy makers who) for the most 

part, are themselves eminent scientists or engineers in the modern 

sense o� the word. But it may well be more appropriate. 

VI. DUALISTIC POLICIES FOR TECHNOLOGY 

I:r: the ,same way that the promotion of appropriate technology 

should avoid bringing about a dismantlement of the modern technology 

system which exists in a number of developing ccuntries, an inter

mediate technology policy along the lines suggested above ie not a 
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substitute for modern science policies, but rather a complement. The 

idea here is to have two parallel policies, and not to replace one 

by the other. One observer has suggested that a cour.try like India 

needed a Cow Dung Coiillnission rather than an Atomic Ener-gy Commission. 

In fact , the two are probably needed , and each has a different func

tion to fulfil. 

The dualistic policy sugge��ed here is but a reflection of the 

social and technological dualism which characterises the economic 

system in the majority of the developing countries. The question 

which has tu be considered here is whether the exj_sting science 

policy establishment should be given the responsibility for develop

ing a national policy with regard to intermediate technology. To put 

things in a somewhat caricatural form , is the Atomic Fmergy Commission , 

or anc.ther similar organisation , the one most suited for establishing 

ana operating a Cow Dung Coillffiission? At first sight , the obvious 

answer seems to be negative. 

The science and technology policy organisations which were 

created in the last twenty years in the de:veloping countries were 

geared , like the universities , to the develo�ment of modern science 

and technology. To accuse them of having almost totally neglected 

intermediate tech..11ology is somewhat unfair , since th�s was never 

their aim. Their activities were in fact but a reflection ol national 

priori�.;ies at the time , and dissenters notwithstanding, corresponded 

to the ideology and dominant values of society. T1mes have changed, 

so have values, and in the more advanced of the developing countries, 

even the strongest proponents of modern science and technology have 

come to realise its limitations. The gro�ing understanding of policy 

makers for low-cost technology does not mean however that they are 

the peoi�le most suited to be entrusted with its promotion, nor does 

it mean that the institutions they have helped to create are the 

most adequate for developing new appropriate technologies. 

Ir.u"lovatian in general, and institutional innovation in particu-

lar, does not generally take place through a transformation of exist

ing organisations , but by the creation of new ones which by-pass them. 

Intermediate technology , in its institutional and policy aspects at 

least , has developed and will probably continue to develop along 

parallel paths rather than in the mainstream of existing orga.:�isations. 

If innovation and originality are to be er:couraged , thiF parallel 

approach should be emphasised. Although tL-re are at present no clear 

models of interaction between moder� technology policies and inter

mediate technology policies, one can envisage for instance th�t cen

tral gover��ent authorities would ccntinue to be in charge of the 

modern science and technology system, and that local or provincial 

authorities , supplemented by private organisations , would have the 

main responsibility for intermediate technology. 
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There are some good reasons to believe that national policies 

f'vr the promotion of' intarmed.�.ate technology can best be carried out 

by institutions which ar� not directly concern�d with large-scale 

industrial development or with highly sophisticated modern t�chnology . 

This is not to say that the modern sector should be cut off f'rom the 

new developments taking place i n  appropriate technology , quite the 

contrary : large industrial firms , nniversity researCh centres and 

government departments stand much to gain by becoming more familiar 

with the work of the intermediate technology J-·roponents' and there 

must be some sort of cross-fertilisation betwaen the innovators in 

the modern sector and those in the intermediate sector. 

Among the many problems which will have to be tackled by a 

national poliGy for appropriate technology , one of The most frequently 

overlooked is that of the risks of innovation. Ever since the begin

nings of the industrial revolution , governments have taken measures 

to safeguard the community against the risks and dar.gers of innovation • . National legi c;lation on 11ew pharmaceutical products or safe-.::y regu

lations for industrial machinery are typical. example s .  What should 

not however be overlooked is that innovation almost always implies 

a certain risk , and that a society must be pr�pared to accept certain 

risks if innovation is to take plac e .  This is true not only of modern 

teclmology, but also 0f intermediate technology. What seems to be 

happening in several developing countries, however, is that new tech

nologies are increasingly being subject to quality standards and 

safety regulations which are so strict as to make innovation , if 

not impossible, at leEst extremely difficult . One objective of an 

innovation policy might be to relax some of these standards , if only 

temporarily , _in order to stimulate the development of new indigenous 

technologie s .  

A national policy for appropriate technology cannot b e  carried 

out exclusively by government . It should be a collective effort 

involving as wide a number of institutions as possible , both public 

and prive-..... e and. within the public sector, local and. rE.c:;ional authc ... ·i

ties have as important a part to play as the central government . 

With the possible exception of China , no country has yet developed 

a comprehensive national policy for appropriate technology , and it 

is Iar from clear what the most effective approach might be . A number 

of interesting national experiments have been carried out , and the 

most successful among these point very clearly to the need for taking 

a rather wide view of the problem of appropriate technology: the 

real issue :..;::; :-�c:: .::.:. �r...:.c!-;. to dew'! lop new hard-ware 1 but to build up 

an innovation system . 

One very important element in this respect is the credit system . 

At present, there are relatlvely few intermediate credit institutions, 

i . e .  organisations or groupings which are neither traditional (like 
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the local moneylenders or the private person-to-person credit 
mechanisms) nor oriented primarily towards large-scale investment 
in the modern sector, as are most of the banks. One intermediate 
organisation is the credit co-operative. These co-operatives, which 
played a major part in mobilising the existing financial resources 
for the development of agriculture and small industry in nineteenth 
century Europe, could be one of the most effective tools in the 
development o; intermediate technolo5y. Several very successful 
co-operatives of this type have been established in Latin America 
and in several Asian countries(l). 

As the example of the light engineerin� industry in Sri Lanka 
clearly shows, one of the key factors in the successful upgrading 
of the village blacksmith's production methods has been the avail
ability of inexpensive credit, mobilised through a co-operative 
organisation(2). This example suggests by the way that credit is one 
of the areas where co-oJ�erative for'lls of organisation are the most 
appropriate. �a-operatives are seldom good industrial entrepreneurs, 
as the story of th,- small-scale sugar plants in India showE, but in 
the credit field, where the problems are very different, they can 
be remarkably effective(3). 

The mobilisation of a community's resources can also be approached 
in other ways. One interesting example is the way in which one of the 
Indian appropriate technology organisations has undertaken to educate 
the local managers of b;Jth public and private banks to the problems 
of risk capital, industrial entrepreneurship and agricultural 
development(4). 

A second area of interest for an appropriate technology policy 
is that of testing and evaluating new technology. A large part of the 
equipment developed by a-ppropriate te�;t�ology groups and which ::._s 
currently available on the world market, is untested. Its reliability 
is still too often open to question, and the economic risk to t?e 
user as a result excessively high. T�sting and evaluation require 
time and money. No country has yet set up such testing and evaluation 
facilities, and this is one of the problems which could be solved on 
an international or inter-regional basis. 

One of the basic principles underlying the appropriate technology 
movement is to try to make a much more effective use of existing 

1 )  S e e  C.L. Kendall, "Accumulating Capital at the Grassroots Level", 
Co-operation Canada, No.20, May-June, 1975. 

-.:!.) :Jee D.L.O. Mendis, "The Reorganisation of the Light Engineering 
Industry in Sri Lanka", in the second part of this book. 

3 )  P .  Dubin, "Education as a Low-Cost Technology", �· 
4) P.D. Malgavkar, 11The Role of Techno-Entrepreneurs in the Adoption 

of New Technology", �· 
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resources,be they human or material. One of the aims of a national 

policy should therefore be to investigate in a comprehensive way how 

these resources could be better used. For instance by identifying, 

and hopefully removing, the vast array of institutional aid organis

ational obstacles to entrepreneurship unCi to the diffusion of inno

vation. 

VII. THE ROLE OF FOREIGN AID 

A growing number of aid granting agencies, both international 

and national and public as well as private are coming to the conclus

ion that appropriate technology is, if not the wave of' the future, at 

least a pot�ntially very effective tool in the development process. 

Thi::. evolution coupled witlJ the growth of' the intermediate technology 

movement in the developing countLies raises a number of questions, 

both for donors and for receivers. What for instance should be the 

relationship between the suppliers of appropriate technology in the 

industrialised countries, and the users of this techn�logy in the 

developing countries? 

An excessive reliance on intermediate technologies developed 

abroad, and in particular in the industrialised countries, could in 

the long run be self-defeating. The function cf foreign assistance 

should hot be merely to introduce a new piece of technology, attrac

tive as it may be, but to help initiate, within the receiving com

munity, a process of. innovation and self-sustaining growth. Such 

processes are very complex, and the social and cultural mechanisms 

which underlie them are often very fragile. In many cas�s, it needs 

very little to throw them completely off balance, a�d the sudden 

introduction even of a seemingly unimportant piece of technology is 

sometimes enough to do just this. Needless to say, this is not always 

and necessarily the case. In many communities the ecosystem of inno

vation is amazingly resilient, and the introduction of a new technology 

can serve as the starting point of a selX-sustaining process of inno

vation. The difficulty of -:::course is that it is very difficult to know 

beforehand ·whether the existing innovation system is particularly 

weak or potentially strong. 

In the case of intermediate technology, it may well be-that the 

problem of foreign aid and technical assistance is stated in terms 

which are £ar too crude and which reflect to an excessive extent the 

experiences, often rather disappointing, which have been made in th� 

field of modern technology and large-scale industrial development. 

This can perhaps best be gauged by looking &t the ways in which the 

various appropriate technology groups working at the international 

level have been operating in the developing countries. Their work 
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does not cor.sist simply of bringing in a new piece of technology 

from an industrialised country or another developing nation, but 

rather in developing new technologies on a multjnational and trans

cultural basis. Intermediate technology today is probably one of the 

few fields where the concept of international co-operation is more 

than an empty catchword cr a convenient verbal substitu�e for total 

dependence. 

The growing insti tutiorialisation of intermediate technology will 

inevitubly reflect upon the patterns of foreign aid. 1-'.lready today, 

many aid-giving coun.f;ries and agencies are trying to f·ocus more of 

their assistance programmes on appropriate technology. 'rh:!. :c.. is un

doubtedly a positive change and it should allow for a considerable 

widening of the technology spectrum. In fact, in a few years time, 

the ' consumer' of appropriate technology will probably find himself 

in the equivalent of a supermarket, with dozens of different tools 

or technologies to meet every single one of his needs. This will be 

very different from the somewhat spartan shop of today where many 

technologies are missing, unavailable, un-invented or mislaid by 

history. 

Technical assistance programmes as they now stand consist by 

�nd large in helping developing countries to acquire and use as 

effectively as possible new or obsolete technologies originating in 

the industrialised nations. As far as intermediate technology is 

concerned, there are some serious doubts as to the validity of this 

pattern, and in fact the ways in which the various groups active in 

appropriate technology are now interacting with one another seem to 

indicate that the concept of foreign aid or technical assistance is, 

if not ·Jbsolete, at least very largely inadequat,e. There are several 

reasons for this. 

In the field of appropriate technology, which is addressed mainly 

to the most under-privileged segments of the population and notably to 

the rural poor, the delivery system of technology is comparatively 

more important that the technology itself. Developing new constructi�n 

materials or more adequate agricultural tools for instance is far from 

simple, but the most difficult problems usually lie elsewher�, and in 

particular in the social processes which lead to a community's adoption 

or rejection of an innovation. The industrialised aid-giving countries 

are in many cases better equipped for developing the hardware - the 

case of SOFRETES's solar pu�p or the windmills now being designPd by 

some large aircraft corporations are good cases in point. This com

parative advantage does not however attach to all types of hardware. 

In fact, it probably disappears almost entirely when it comes to very 

simple low-level technolc1gies. The Directory of Appropriate Technology 

published by the Gandhian Institute of Studies is a good examJ:-le of 

the areas in which a country l."..ke India prcbably has a comparative 
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technological advantage over a European technical university or a 

large American industrial firm. 

When it comes to the software or the delivery system, there are 

no reasons to believe that the industrialised countries and their 

aid-giving agencies, public or private, are better equipped or more 

effective in initiating innovation prncesses. Some foreign aid-giving 

organisations have been very successful, but their effectiveness has 

resulted mainly from their intimate knowledge of local conditions. 

Insofar as the knowledge of local conditions is concerned, there is 

little doubt that the insiders - local exten&ion officers, social 

workers, etc. - enjoy a large poten-cial advantage over the outsiders, 

be it only that of language and culture. 

What this suggests is that the delivery system of appropriate 

technology is probably the area where the developing countries must 

do most 0f the work themselves. 'I'here is also another justification 

for their active par·ticipation in the diffusion of low-cost technology, 

a.nd that is the relative weakness of the various international groups 

which are now trying to promote .intermediate technology. The history 

of foreign assistance shows thB_t aid-donors can exert a considerable 

influence upon the national policies of the ··eceiving country. With

holding a hundred million dollars for a big dam can bring about sub

stantial changes in the economic poljcy of a developing cotmtry, and 

it is a well kno�m fact that the granting of aid by some multi-

lateral agencies is o�ten sub.ject to basic economic and social reforms. 

Intermediate technology grnups obviously do not have the same leverage: 

withholding the introduction of a new technology for crushing peanuts 

or for collecting rainwater is a� best an unp�actical means for getting 

the government of a developing country to in�ciate new policies for 

the promotion of low-cost technology. In fact intermediate technology, 

contrary to large-scale modern technology, is probably one of the 

fields in which a country can assert its sovereignty in the most 

effective and positive way. This means that national governments in 

the developing countries will have a great impact, positive or nega

tive, on the diffusion of low-cost technology. 
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Part Two 

THE PRACTITIONERS' POINT OF VIEW 



I. THE 140BILISATION OF KNOWLEDGE ON LOW-COST TECHNOLOGY: 

OUTLINE OF A STRATEGY 

by 

* 
George McRobie 

Mobilising knowledge on low-cost technology and coarnunicating 

it to potential users in a practical form can be envi saged as a three 

stage process .  First is the task of diagnosis and understandin g :  what 

i s  the need for technology , at what level can this need be identified , 

what is the kind of technology we should be concerned with? Second i s  

the problem o f  securing the knowledge itself ( sources , methods , organ

i sation ) ; and third i s  the question of' communication: how do we get 

the knowledge into the minds of planners and admini strators , and into 

the hands of those who can turn it into action? Each of these three 

aspects may b e  given different emphasis by industrialised and develop

ing countrie s ,  but these are in essence the questions t� whi ch all 

practitioners are addressing themselves . 

DIAGNOSIS AND UNDEHSTANDING OF THE BASIC NEEDS FOR TECHNOLOGY 

There i s  today a widespread recognition o� ths need to develop 

and introduce low-cost technologies . This understanding however i s  

not matched b y  anything like correspondingly widespread action on 

the part o f  those who control the mainstream of aid and development 

programmes .  Most if not all practitioners in intermediate technology 

share the view that the choice of technology is probably the most 

critical problem confronting developing countries . With the onset of 

the energy crisi s ,  this prob lem of choi ce has b ecome even more criti

cal-, and is now also confronting the rich --.ountries . There i s  a grow

ing recognition that our present economic system is based on the 
ruthless exp�oitation of non-renewable resources and that economists 

have committed the cardinal sin of confusing capital with income . 

Fossil fuel s are a capital , but we haye been using them as an income. 

Agriculture has been operating as an increasingly energy-intensive 

* 
The author is Director of Communications of the Intermediate 
Ter-hnology Development Group ( ITDG ) in London . 

- 114 -



system, and the over-exploitation of our income resour2es may well 

turn them into ncn-renewdble resources. 

As far as the developing countries are concerned, there seems 

to be a fairly general acknowledgement of the following facts: 

a) the source and centre of world poverty lie nrimarily i� the 

rura_� areas of poor countries, which are largely by-passed 

by aid and development as currently practised; 

b) the rural areas will continue to be by-passed, and unemploy

ment will continue to grow, unless self-help technologies 

are made available to the poor countries and assistance 

given in their application; 

c) the donor countries and donor agencies do not at present 

possess the necessary organised knowledge A.bout appropriate 

technology and do not have the cnmmunications system which 

would enable them to contribute to rural development on the 

scale which is required; 

d) unless the disease of poverty is tackled at its source in 

the rural areas, outside the big cities, it will continue 

to manifest itself in three ways - mass migration into cities, 

mass unemployment, and the persistent threat, or even actu

ality, of mass starvation. 

Within the framework of cnnventional aid and development pro

grammes, there is in practice no major p�litical or commercial 

impetus to offer to the poor countries any real choice of technolo

gies. This is especially true when it comes to small-scale equipment 

that can be wholly made loc�lly and which uses indigenous materials 

and serves local needs. In the Intermediate Technology Development 

Group (ITDG) we are thinking along the lines of Mansur Hoda's three 

'levels' of technology that are required to fill this gap: the tech

nology that suits the family, the village or community, and the 

market t�wn or small regional centre, in ascending levels of cost, 

sophistication and volume of output(l). 

Within these catE ;�aries it is possible to enunerate a very large, 

even daunting number of possible technologies. But there are certain 

basic and fairly universal needs to guide us in setting priorities. 

These are the manufacturing and processing activities re�ated to food, 

clothing, shelter, health, culture, about which detailed, prar:-:tical 

information would go a long way towards filling the existing "inform

ation gap" and giving choices to people who at present now have none. 

T�e following list is not exhaustive, but serves to illustrate the 

range of new activities that could be developed in rural areas within 

the modest ambit of basic human needs (the procedure is broadly that 

adopted by ITDG's specialist panels). 

1 )  Se e  M .M. Hoda 1 s article in this book, "India's Experience and 
the Gandhian Traditj_on11.., 
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� RANGE OF BASIC TECHNOLOGIES REQUIRED FOR RURAL DEVELOPMENT--� 

! Agricultural production: tools and equipment for ground preparation , 

I planting , weeding , harvesting, along with the basir tools and 
techniques required for their manufacture (metalworking and wood
working ) . 

Water supply for agricultur e :  equipment for storing, lifting and 
moving w::tter . 

Crop processing: shellers , winnowers , mills , nil extractors , decorti
cators , fertiliser and feedstuff manufacture , and by-products 
(this would include processing o f  a wide range of products from 
biological resources ) • 

.Storage : storage equipment appropriate for different .;::rop s ,  using 
local materia l s .  

Food preservat ion: metal and glass containers , cooking utensils , 
equipment for smoking and sun-drying ; packaglng for di fferent 
foods . 

Clothing: equipment for ginning , sptnning and weaving cotton and 
woo l ;  manufacture of dyes and finishing materials ; tailoring 
equipmeut ; leather tanning and manufacture of footwear and 
animal harnesses . 

Shelter : brick and tile making , lime burning , cement substitutes , 
small-scale cement production ; soil stabilisation; timber 
production and by-products ;  cast and forged metal fittings . 

Other consumer goods : household utensils , equipment for pottery and 
ceraMics , furniture, soap, sugar , domestic water supply ( including 
water purification anU sanitation ) , cooking stoves ,  fuel , toy s ,  
etc . 

Community goods and service s :  school and medical clinic equipment , 
roadmaking , bridge-bu.ilding , water supply , power sources and 
equipment , transport ; data and equipment required to operate 
institutions such as health clinics and co-operative s ,  work
based education, and training-th�ough-production programmes . 

For each identifiable manufacturing activity - and there are 
obviously many more than this list suggests - we should aim at 
providing at least two or three levels or types o f  technology , to 
cater both for people who are wholly or partly outside the market 
economy , and for those who are already within a market system . 

The first step is to mobilise the existing knowledge on inter
mediate technologies . The second, to indicate obvious gap s ,  or areas 
where new research and development work needs to be done ; and the 
third to outline proposals for carrying out this work . The aim is 
to start with a ' state of the arts ' survey , which should briefly 
describe the conventional high-cost ' modern ' method , present existing 
alternatives , indicate their ::_imitations 0r deficiencies and propose 
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work progra!lliDes to improve them, or devise new technologies to fill 

the gnp s .  

This approach lends itself t o  dealing with the three types of 

situation which are familiar to the intermediate technology prac

titioner: 

a )  Those where there is a range of technologies which , on the 

face of it , are reasonably adequate to meet the needs of 

small , poor communities . There are for instance many types 

of water pumps and hand-looms already in existence . The t&sk 

is to identify the pros and cons of each type of equipment , 

indicate how they are made or where they can be bought , and 

what they can and cannot do . Foundry work is a gcod example.  

The same applies to hand-made bricks; enough i s  known - on 

the basis of experience - to adapt this technology well down 

the size-scale ; 

b) Those where there are no obvious , reasonably effic i ent small

scale technologie s ,  as cement manufacturing or cotton spin

ning. In these cases we have to ' point up' the gaps , and 

suggest ways of filling them . In cases like cement , the 

alternatives are to work on redesigning a plant to make it 

small as was done for paper-pulp machine s ,  to provide a sub

stitute ( e . g .  lime-brick mortar s )  or to combine the two 

approaches .  

c )  Those where the technology i s  relatively new and there is 

no body of current or recent experience to draw upon , as in 

the case of most forms of unconventional power sources and 

devices ,  or the application of modern scientific knowledge 

to old arts like chemicals from biological sources . In such 

cases , a state of the arts survey needs to be followed by 

specific programmes for design and field testing . 

It is only through a sustained and systematic effort along these 

lines that an adequate flow of self-help technologies can begin to 

reach the potential users : people whose problem is not that of the 

rich - how to get best value for money - but quite a different prob

lem - how to turn their labour into something useful . 

SOURCES OF KNOWLEDGE AND METHODS OF MOBILI�ATION : 

ITDG ' s  EXPERIENCE 

Ways of acquiring the necessary knowledge of low-cost technolo

gies will obviously depend '· among other things , on the history o f  

the technology and the pattern o f  development i n  the country where 

the work is started . At ITDG , we have developed a structure of Panels 

and Working Groups of advisers . Within each we try to get a mix of 
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expert knowledge representing the professional and adminietrative , 
academic ,  industrial and commercial aspects of the particular subject 
under investigation . The aim is to appoint , as soon as funds permit , 
a full-time project officer - qualified and experienced in the subject 
to carry out a work programme under the Panel ' s  guidance and super
vision . Currently , pro;ject officers are \forking LUlder our Agriculture , 
Construction , Building Mate.,....i � l -"' .  Water and Power Pane l s ,  and a small 
team of engineers operates the Group ' s  Industrial Liaison Unit. The 
Panels on Chemistry and Chemical Engineering , Co-operatives , Forestry , 
Rural Health and Transport are without full-time project staff, but 
are nevertheless pursuing work programmes which have resulted in 
useful pubJ ications and , in the case of chemistry , in consultancy 
work oversea s .  

Through the Panel membership , liaison with a number of university 
research departments has been built up , as well as collaboration with 
British government research establi shment s ,  notably the Building 
Research Establi shment , the Road Research Laboratory t the Tropical 
P�oducts T�stitute and the Overseas Liaison Unit of the National 
Institute of Agricultural Engineering . 

The systematic investigation and sifting of material already 
_published is obviously our major source of practical data . Much of 
the Group , s  published information alsco derives from practical R and D 

work carried out by its own staff or associates : innovative R and D 

work , ranging from complete redesign and production to relatively 
minor modification , has been done on a small-scale paper-pulp manu
facturing unit , brick-work s ,  a wide range of agricultural and hospital 
equipment , ferro-cement boat s ,  water catchment tanks and pump s .  
Original work concerned with organisation, training and business 
procedures has also been carried out - and the results published 
on the construction industry , co-�peratives and rural health . Most 
of tile results of this work are already included in the Group ' s  
publications ; a set o f  more detailed accounts of the work programmes 
completed , in progress and planned is currently being compiled and 
wJll be published as soon as possible. 

THE SYSTEM OF COMMUNICATION 

Low-cost technology lacks an effective communication 
system . Information on high-cost , energy-intensive technolo�ies i s  
promoted b y  government aid , b y  large compani e s ,  b y  the education 
system, and by media of all kinds . The task of communicating low-cost 
technology is much more difficult , not only because it is less familiar 

to design-makers , but also because we are trying to reach people in 
the field where there are no clearly established channels of communi
cation, and where more effective methods of communicating are unknown . 



Above all ,  and this requires particular emphasi s ,  we are deal

ing with 9_ situation where the demand for low-cost technologies can
not arise independently o f  the supply of information about them . All 
over the world , people sin:ply do not know that there are low-cost 
alternatives .  This applies almost universally to people in rural areas . 
As far as admir.i strators and decision-makers are concerned , if they 
have been educated in the rich countries the chances are �ot only 
that they do not know about such alternative s ,  but they may well be 
prejudiced against them - the familiar ' second-best ' argument . The 
Primary task of organisations such as ITDG is to make it known that 
effective , low--cost alternatives do exist or can be developed . Until 
this has been done, it can hardly be expected that a demand for them 
will arise on a large scale . 

While no on� could claim to have discov�red all the answers to 
the problem of communicating information and knowledge about low
cost tPchnology , the methods developed by ITDG are probably of a 
fairly general significance . These methods fall roughly into four 
categorie s :  the exploitation and diffusion of published informa"Lion ,  
field project s ,  cansultancy assignments , and finally the development 
o f  closer links with intermediate technology groups operating in the 
developing countries . 

a )  Published information comes under three main categories: 
- detailed specifications and drawings of equipment , e . g .  

agricultural machines and implement s , or hospital equip
ment ; 

- guides to sources of equipmer�t , ' step-by-step ' manuals 
( e . g .  for animal�drawn equipment , construction materials 
and water supply systems ) ,  annotated bibliographies and 
other source mate'rial , and finally industrial profiles 
( e . g .  for foundry or leather works ) ;  

- detailed project reports of field operations, as in the 
case of ITDG 1 s  agricultural equipment projects in Zambia 
and Nigeria , water catchment and storage work in the 
Caribbean , Brazil and Ethiopia; reports of consulting 
assignments (for instance a small-scale chemical develop
ment project in Pakistan ) ;  

- reports on any of the lin.&s abov'� published by other 
organisations and distrib1lted by ITDG' s Publications Unit 
by arrangement . 

The recently-launched Journal of Appropriate Technology is 
in a special category: it i s  intended to serve as an international 
forum for news , exchange of information , previews of major reports ,  
and a means of linking practitioners in the field of low-cost. 
technology . 
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b )  Field projects .  These have mostly taken the form of -orle , two 

or three-year programmes with clearly defined object ive s ,  

designed t o  identify need s ,  develop appr opriate technol ogies 

and demonstrate their practical use . They are not intended 

to be , and are not , development programmes as conventionally 

understood. Thi3 must be emphasised since the Group is some

times criticised for not undertaking extension work and for 

not launching major programmes to that end . ITDG i s  primarily 

a knowledge organisation with strictly limited resources .  

Even i f  we had the resource s ,  we could not and should not 

attempt to do extension work or launch such programmes through 

the exist ing organisation . Nothing could be more fatal to the 

work of a knowledge centre than to be burdened by the pressures 

of implementing a programme on a ' development ' scale (as 

distinct from a ' demonstration ' scale ) .  It hardly needs to be 

emphasised that extcnsioc work and the widespread diffusion 

of new methods and technologies is of crucial importance and 

that part of the communications task is to ensure that those 

aid and development agencies which are equipped to undertake 

such programmes get the fullest amount of information on 

relevant technologies .  As far as ITDG is concerned , some 

involvement in implementation is in fact taking place but 

through separately-organised subsidiaries , ' Intermediate 

Technology Services ' and ' Development Techniques ' ,  specific

ally concerned with consultancy and with technical develupment . 

c )  Consultancy. In addition to the routine answering of technical 

enquirie s ,  this work includes the provision of technical inputs 

at the appropriate level to other agencie s ,  governmental or 

non-governmental . During the 1973/74 period , ITDG has operated 

in this way in twelve different countries (Brazil , Canada , 

Ethiopia , Ghana , Iran , Jamaica , Kenya , Pakistan , Rwanda , 

Swaziland , Tanzania , and Zambia ) .  

d )  Overseas intermediate technology unit s .  In the longer run , 

by far the most important way of communicating information i s  

through the development o f  indigenous intermediate technology 

organisations in the developing countries themselves . Only 

through suc:.1 cent.res can the knowledge and practice of low

cost technology become widespread anC form an integral part 

of the development process . Focal poir.ts of this kind are 

now i.?lcreasing in number(l )  and ITDG �1as been associated with 

the growth of some of them , notably ln Ghana , India and 

1) Several of these centres were represented at the OECD meeting in 
September 19?4 .  
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Fakistan ( l ) .  The further development of such centres is high 

on our list of priorities . These may start as focal points 

for the assembly of information on low-cost technologies 

from outside sources but can rapidly develop indigenous 

resources for R & D ,  the dissemination of knowledge and �he 

promotion of field applications . In other instances they can 

immediately begin to mobilise sources of information and 

innovation within their own countries and help to draw on 

outside sources . Ideally an appropriate technology unit of 

thi� kind should be brought in at the inception of every 

government plan for development . 

THE POSSIBILITIES FOR CO-OPERATION 

At first sight it is extraordinarily difficult to get effective 

collaboration between the various organisations now working on ]_ow

cost teclmology . They vary widely in size , degree o f  specialisation 

and form of organisation. Each has its own source of funds - always 

inadequate - its own lines o f  comnn_ lication with other countrie s ,  

and its own priority subjects . 

The simplest form of comm��ication is through the exchange of 

literature , and this is already proceeding . We hope that the Appro

priate Technology Journal can increasingly help in this process , 

and contribute to the diffusion of knowledge as to who is doing what 

and where in the field o f  low-cost technology . But are there ways in 

which co-operation between the work programmes of each organisation 

could be made more fruitful? Are there wa7s of securing for each o f  

them some of the advantages of a larger international effort without 

the constraints which attach to international organisations? Co-oper

ation should not seek to merge the identities of the organisations 

concerned , but try to make them more effective . 

A suggested list of topics on which more information and know

ledge would be o f  particular use to practitioners in both rich and 

poor countries might include the following � 

Methods of identification of needs and resources . 

More comprehensi\re state- of-the-arts r�views . 

Sources of relevant dat a .  

Identification o f  gaps in knowledge . 

New R and D work in hand and required . 

Normalisation of ways of presenting dat a .  

1 )  The Appropriate T�chnology Centre in Islamabad , Pakistan , has 
recently been started up with go-Jernment support . 
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Locations for field testing and demonstration . 
Joint publication of results of work done , 
Joint approaches to funding agencies . 
Joint approaches to ' user' agencies (governmental , 
non-governmental and internationa J ) .  

In operation&l terms , one could envisage for instance a meeting 
of practi ti:"'lr.lers concerned with small-scale water supplies , construc
tion and building material ::: . or agricultural equipment . They could 
compare work programmes , identify gaps in knowledge , make proposals 
for filling these gaps, arrange for field trials, and aim at develop
ing a comprehensive 1 package t of new knowledge. Technologies appro
priate to di fferent climatic zones could probably lend themselves 
particularly well to this form of collaboration . Once such work 
prugrammes have been harmonised the proposals could be published in 
order to facilitate fund-raising and secure appropriate requests 
from developing countries to participate in the work. 

CONCLUSION 

Over the past twenty years , aid policies have treated the poor 
countries as if they were rich , and the introduct�on of modern tech
nol_ogies in the developing countries has contributed to widening the 
gap between the affluent urban elite and the great majority of the 
people living in the rural areas. The dominant view has been that 
the poor countries can onJy become rich by accepting the technologies , 
the instit'J.tions and the culture of the industrialised countries. 
Education has only reinforced this : most of the policy makers in the 
developed countries have been trained in Europe or North America . As 
a result , i t  is d � fficult to envisage that there may be different 
paths to development . 

Over the last one hundred and fifty years , development has �on
sisted mainly of sucking life from the rural areas . The time has now 
come to change this and to focus our intellectual and technological 
resources on the rural sector. This can be done by developing a wide 
range of new technologies which will have to be adapted and modified 
by the poor countries. The task of the rich countries is to �:elp 
ident.:i.fy , in- close contact with local innovators, the types of tech
nology which are most urgently required . Most of these technologies 
will obviously have to be concerned with agricu1ture (;!_nd r:1ral develop
ment. No country after all has ever developed except on the basis of 
an agricultural surplus. 

How this can best be done is not yet entirely clear. One of the 
big problems is to foster much closer conta�ts between the three 
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different types of practitioners in intermediate technology : those 

who are concerned with the practical work of developing new pieces 

of equipment , those who focus on the field application of new tech

nology, and finally those who , at - the natioaal or interrjational level , 

are try ... ng to mobilise all the available knowledge on more appropriate 

technologies . 

In fact , the tima is now ripe to start thinking �,f an overall 

strate�y for intermediate technology . Five years ago , this would 

have been inconceivc-.ble : the number of people involved was much too 

small , and the whole idea of intermediate technolo�y seemed absurd . 

This first stage then gave way to a much greater acceptance of the 

idea, but apart from a few rather isolated groups , there was and 

still is little action . We now seem to be entering a third stage � 

which should be marked by a large-scale and systematic attempt t o  

mobilise existing resoUl�ces ,  develop a wide range o f  new technologies , 

and establish an effective information network . The fourth stagf' , 

which has yet to come , should be that of widespread application and 

diffusion . 

In terms of strategy , the crucial problem today is to �ake a 

successful transition from the second to the third stage . One .
. 
tool 

would be to establish a really effective communication system in 

inte�mediate technology . What has been done until now has certainly 

been useful , but this is usually insufficient , lergely for 

financial reasons . The communications system which must be built up 

should go beyond the existing community of practitioners and cover 

the people and institutions which in one way or another can influence 

the pace and direction of development . 
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I I .  BRAcE RESEARCH INSTITUTE ' S  HANDBOOK OF APPROPRIATE TECHNCLOGY 

by 

T . A .  Lawand , F .  Hvelplund , R .  Alward and J .  Voss* 

The Brace Research Institute is primarily an engineering organis

ation . However , from the experience gained in the field , we have 

evolved into an institute of practitioners of appropriate technology . 

This evolution led to our participaticn ln the preparation of the 

first handbook on this subject . The departmental po:Licy and history 

of the Institute are studied in order to identify the reas:::ms why we 

were �nvolved in the preparation of this handbook . This paper traces 

the transition of' the Brace Institute from a technical operation to 

one concerned w1th the development and implementation of appropriate 

teckology . 

Why did this �ransition take plaee? 'dhat led us to adopt appro

priate technologies? What lessons have we learned � and what new 

policies have our experiences created? .And perhaps most importar�t , 

what does an analysis of our evolution to appropriate tectillology 

suggest for future policy actions in developing areas? These questions 

are the real subject of this paper . 

THE INSTITUTE ' S  DEPARTMENTAL POLICY 

The Institute was set up on the bequest of Major James Brace , 

who was primarily interested in making arid or desert land� available 

and economically useful .for agricultural purpose s .  It was his desire 

that the results of this research would be made freely available to 

all the peoples of the world . The Institute has fulfilled and is 

contlnuing to fulfil his wishe s .  The policy decision made in 1959 
was to concentrate on the problems of water and power scarcity affect

ing the individual persons and small communities in arid , developing 

<'l.reas . 

*
T .A .  Lawand i s  the Director of Field Operations of Brace Research 
Institute in Quebec , Canada ; F .  Hvelplund is a Visiting Economist 
at the Institute and a Research Fellow of the Handelshojskolen in 
Aarhus ,  Denmark ; R .  Alward i s  a Research Associate of Brace Research 
Institute ; J �  Voss is an Environmental Economist at the Institute 
for Man and His Environment of the State University of New York , 
Chazy , New York e 
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In the meantime , the Institute has built up a unique facility , 

the value of whi ch i s  out of all prop.,rtion to its s i .z e . It maintains 

F.n active interest in the who l e  field of water desalination . It i s  

now recognised a s  an international research centre for the application 

of solar and wind energy { e specially with regard to solar distillation) 

and for the development of wind turbines . As an extension of i t s  work 

on various methods of saline water conversion , the Institute has begun 

research into controlled-en".·ironment agriculture aF a means of reduc

ing the water rec uirements cf plants in arid sreas . It has undertaken 

studies on the use of greenho�s e s  in colder climat e s . 

The Institute has become a centre for informat�on on appropri�te 

technology , and one of its most valuab] e assets i s  the Brace Library , 

which contains collections of reference material on desalination� 

solar energy and wind power . These collections are considered to be 

among the most comprehen sive and thoroughly indexed sources o f  inform

ation available in their respective discipljnes . Extensive infnrmation 

has more recently been gathered on greenhouse agriculture and on 

appropriate technology in general .  

Although the Institute concentrates primarily on the technological 

aspects of water and power problems facing small communities in arid 

areas , it is fully recognised that the • tool • or 1 syctem ' i s  only one 

facet of the problem . A clear appre c i ation must be made of the cul

tural , social and political context in 'llhich the equipment is ·t..o func

t i on in order to establish its appropriateness to the community i t  

will serve . It i s  essential to recognise that for a technology to b e  

appropriate it must b e  directed towards t h e  betterment of the commun

ity , in both i t s  direct and indirect implications . 

The b a s i c  philosophy has been to develop saline water conversion , 

pumping and other equipment whicl'": uses as much as possible local 

energy , material and human resources �o that the technol ogy can iden

tify within the inf�astructure of the local community . This policy 

was adopted in order to secure participatiod o:f the indigenous popu

lation in a l l  phases of the construction and assembly of the equip

ment . This ens ures continuity by developing their ability to handle 

i t s  operation and maint enance .  The equipment i s  characterised by i t s  

simplicity and e a s e  o f  maintenan c e . Stocks o f  simple replacement 
components ensure continuity and dependability . The annual operating 

costs are comprised primarily of the amorti sation of the capital 

inve�tment , a fair proportion of which is made up of local labour 

and material charge s .  

This b a s i c  type o f  undertaking i s  generally referred to as 

appropriate t e chnology . There are hundreds of millions of p�ople 

who s e  everyday life is little affected by modern technological 

achievements and who lie outside the mainstream of development . The 

objective is to provide them with an option - or an alternative 
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so that �hey may solve their own technological problems with systems , 
methods t e�ergies and materials under their own control . In making 
use of what is Uy and large locally available , and in adapting the 
technology so that the individual villager himself feels part of 
the overal l achievement , appropriate technology takes into account 
that facet of the human equation wh.ich is so often neglected - the 
dignity of man. For whatever we design , construct or discover , the 
final proof and justification of its merit is its acceptability by 
man . 

THE EVOLUTION OF AN APPROPRIATE TECHNOLOGY APPROACH 

Why did an institute working primarily in the field of engineer
ing become involved in appropriate technology? There are severaJ 
reasons . The first is financia l :  research and development and even 
field applications are relatively inexpensive . Hence , it is often 
pos�ible , even �ith a modest outlay , to come up with simple techni
cal solutions to the problems of the rural populations of the Third 
World . The second is scale: appropriate technology , by its very 
nature , de<3.l.s wl th small villages and peasant farmers , and develop
ments are themselves on a small scale . This is within the scope of 
a relatively sm�ll organisation such as Brace Research Institute . 
The scale of thes€ activ�ties also means that funding can often be 
more easily found so that in effect a wider approach can be realised 
with the direct involvement of the local inhabitants .  

In 1960-61 , a research test facility was built i.n the island 
cf Barbf!.dos in the West Indies , where abundant quantities of sea 
water , sun and wind combine to provide an excellent proving ground 
for equipment development . This overseas mission which lasted until 
1967 , aMi. which has expanded into other parts of the world , did more 
than just provide a convenient physical milieu for experimentation: 
it provided an insight into the real needs of the rural populations 
of the Third World . 

In surveying the needs of these rural areas , it was evident 
that in maximising local resources , considerable attention had to 
be paid to the develop�ent of alternative indigenous energy sources ,  
such as solar and wind energy . As a result , developments in the 
following fields have been studied: 

small scale desalination equipment - solar distillation 
units , vapour compression and reverse osmosis desalination , 
using windpower as a motive force ; 

- direct solar energy applications for heating water , heating 
air and drying crops ;  

- solar ponds for solar energy collection and storage ; 
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solar powered organic fluid rankine cycle engines ; 

- storage of thermal energy ; 

the development of environmentRlly adapted greenhouses for 

arid areas to reduce water consumption, using saline water 

as a feed sour�e ; 

- the development of environmentally adapted greenhouses for 

colder regions to reduce heating requirements through a more 

efficient use of solar energy ; 

- low-cost housing , and the integration of solar and wind energy 

sources directly into the structure for the provision of 

service o:: ; 

- low-cost sanitary technology with a view to reducing water 

consumption; 

the development of a large windmill for water pumping 1 irri

gation or electricity generation: 

- the development of small-scale windmills using the Savonius 

rotor and sail mill principle s .  

After the initial R and D in the We�t Indie s ,  and while working 

on some of the above problems , the Institute focused on a few speci

fic applications such as solar dryers to process corn for a feed mill 

in Barbados ,  a solar distillation plant and some solar cookers in 

Haiti . 

TFE CULTURAL DIMENSIONS OF TECHNOLOGY 

These applications in the real world pointed to the need for a 

more comprehensive approach : enthusiasm accompanied by good enginee�

ing design is not always sufficient . 

We had reached a critical crossroads in moving from research 

and experimentation to the application of technology in developing 

areas . This required a move beyond the narrow conflnes of purely 

technical solutions to an approach based on a much broader range of 

inputs - cultura l ,  social , political, and economic .  Although we did 

not recognise it at the time , this led us to the adoption of wha� 

i s  now called the appropriate t echnology approach . 

If the goals of the Institute were to be achie-ved , the following 

preconditions would have to be fulfilled: 

The technology must meet the fundamental needs of the commun

ity and be recognised as such . 

- For the community to respond and accept the t e chnology , a 

sufficient amount of • animation sociale ' of the local popu

lation has to be rmdertaken . 

- The economics of technology has to be fully understood and 

appreciated . 
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The cultural and social values of the local population have 
to be considered as an integral part of the innovation pro
ces s .  

In order t o  accomplish these tasks and achieve some measure of 
success ,  the Instttute staff as practitioners have evolved , through 
trial and erro r ,  some basic principles of operation . Firstly , wherever 
possible , local technologists should become involvP.d in all the phases 
of the development proces s ,  from research to application . The Insti
tute has tried to help local technologists appreciate the importance 
of studying the fundamental problems facing their own rural populE
tions . This is essential , since they can communicate in the same 
' language ' as these target communi ties and ger �rally understand 
their culture and values . 

Secondly , local social workers have a very important part to 
play in getting the indigenous population to appreciate and accept 
the technological innovation . The installation of a fresh water 
facility for example ,  decreases infant mortality rates , and creates 
new problems of birth control . The solution of the latter problem 
is often beyond the scope and capabilities of the well-meaning tech
nologist . Thirdly , economists must be brought in to provide a more 
comprehensive ev'lluation cf the costs and benefits of a given appro
priate technology in a local context . In view of past development 
experience , it is obvious that both the short and long run conse
quences of a specific technology need to be considere d .  Economists 
can hopefully specify more comprehensive social welfare functions 
for each region of a developing area. 

Our experiences as practitioners of appropriate technology has 
led us to appreciate that even the appropriateness of a given tech
nology is not a sufficient condition for its widespread adoption. 
We have come to realise that no matter how simple , inexpensive or 
appropriate to the needs and resources of the local peopl e ,  a new 
technology must be viewed within the cul t'J.ral context in which it 
is introduced . Between the identification of the need for an appro
priate technology and its successful application lies the critical 
problem of cultural adaptation . 

Technology by its very nature is optimistic and presents what 
could be accomplished . From experience we discoverP.d that the frus
trating gap between \>that i s  i:eclmologically feasible ,  and what i s  
adopted i n  practice , most often results from a basic scientific 
neglect of the critical role played by the other side of the cul
tural coin - society ' s  attitudes and value s .  Values are shared 
beliefs about what i s  right and wrong . Technology determines what 
is possible , but values and attitudes determine what is socially 
acceptable . The criterion of social acceptability either limits or 
enhances the probability of adoption of a given technology . For 
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�xample , even though population control is technologically possible , 

social attitudes toward family size or religious values with regard 

to birth control limit the range o f  technological r3lutions to the 

problem of over-population . 

Our field operations throughout the world have led us to appre

ciate the �ritical relationship between technology and values � n  the 

development end application of appropriate technology . In our own 

fashion , we have come to realise t:r..at conceptually, apnropriate tech

nology is no more useful in the development process than an inappro

;..- riate techno:ogy if it cannot become acceptable to the individuals 

and the groups to \<!'hom it is proposed . Applied technological chanf:e 

implies social acceptability and the degree of acceptance and rate 

of adoption depend in turn upon a thorough knowledge of values and 

attitudes . 'Value competenc e '  or 'cultural competence • must acc ompany 

the development of appropriate t.echnology , and precede its successful 

applications. 

TEE TECHNICAL Al'TD INSTITUTIONAL BACKGRO:..n·.-D or TEE H.Al'JD300K 

The Institute has been collab oratir.g for yenrs with organisations 

such as the Intermediate Technology Development Group ( ITDG ) in the 

United Kingdom and the Volunt�ers in Technical Assistance { VITA ) 
in the United States . This has given us access to great arr..ounts of 
i n for�ation and technology. Through our educational programmes and 

exchange visits , we have set up Working relations with a number o f  

groups and individual technologists working i n  similar fields i n  a 

number of countries. 

It is not always possible to help the many technic ians who write 

from Third World areas for informat�on on �he purely tectillical and 

scientific aspect::> o f  alterr.ative energy sources. As a result we have 

embarked in the last few years on the preparation of a number o f  

state-of-the-art surveys. These surveys deal with solar ponds , solar 

refrigeration and air conditioning , low-cost sanitary technology and 

commercially available and experimental windmills . 

In 1974 we worked on the preparation of a handbook o f  so:ar 

agricultural dryers which includes an evaluation of the theory , deslgn, 

construction and performance of such dryers , an assessment of the 

operating performance of the commercial and experimental dryers , and 

finally a bibliography and list o£ problems which remain to be solved . 

This handbook, which will be available in English , French and Spanish , 

has been an international e ffort : it has involved more than 30 tech

nologists in all parts of the world who sent in their illustrated 

contributions . It will partially substitute for the lack of proper 

library facilities generally facing the technologist in developing 

areas . 



The next step in the Institute ' s  work has been the preparation 

of a more comprehensive handbook of appropriate technology . The 

lnstitutional origins of this work can be tr�ced back to the first 

Canadian Eeminar on intermediate technology organised in March 1972 

by the Canadian Hunger Foundation . Interest in the subject had been 

growing in Canada for a number of years , particularly amongst the 

non-governmental organisations dealing with project-oriented develop

ment aid in the Third World . The guests of honour at this meeting 

were Dr.E .F. Schumacher and George McRobie of the Intermediate Techno

logy De"Velopment Group •,>!i th which the Brace Research lnsti tute had 

been in conTact since the mid-1960 ' s .  Following the meeting , a work

ing group based primarily in Ottawa was set up to look into inter

mediate technology and recommend f�ture action. One result was the 

submission in March 1973 of a proposal to the Canadian International 

Development Agency (CIDA) in Ottawa to provide counterpart funding 

for the publication of a loose-leaf handDook on appropriat� technology. 

The non-government organisation division of CIDA accepted the 

propo<:al and gave financial support towards its execution . This joint 

undertakin& show8 that Canadian non-governmental organisations can 

work t-ogether and collaborate more closely in their deveJ.opment pro

grammes .  During the summer of 1973, the Canadian Hunger Foundation 

en�ered negotiations with the Brace Research Institute with a view 

to securing their collaboration in the preparation o f  the handbook . 

The main reason for approaching the Brace Research Institute was the 

fact that it has been an active practitioner in this field for the 

past 15 year s .  There were t'ew other organisations in Canada , cr indeed 

P l s ewhere , to which the Canadian Hunger Foundation cou::_d turn . 

From its past experiences with interdisciplinary projects , the 

Institute recognised that it had to broaden its technological inter

est s .  Staff was expanded accordingly , aLd a number of contractual 

arrangements were made to enlist tte services of outside specialists . 

Among these new collaborators , t!lere were economi sts w1.th varying 

backgrounds in development ( socio-economic questions , value s ,  etc . ) , 

sociologists specialised in social work and community development , 

teclmologists from Third World areas , and a political scientist 

dealing with the political implications of appropriate technology . 

In addition, as part of the preparation of the handbook, ques

tionnaires were sent to a number of organisat.1.ons and individuals in 

different parts of the world . This has resulted in a considerable 

amount of informatior. dealing with the experiencas of other practi

tioners in appropriate technology . 

OUTLINE OF THE HANDBOOl 

The handbook has been designed to allow for a wide variety of 

use s .  The first section presents the theory and philosophy of 
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appropriAte technology . It discusses the criteria by which a system 

ca"\ be dged appropriate or not , the various contexts within which 

approprL:�.te technologies may or may not wor!{ ru;d the mechanisms of 

implementation and diffusion . It also outlines the numerous factors 

Which must te considered in order to evaluate the potential appro

pria : eness of a technology in a given situation. 

The second section contains a series of case studies in which 

an attempt i s  made to weave the theory and the technologies together 

into meaningful examples so that the reader can learn frn� The exper

ience of others . Each of the cPc;r: - -: :...;1ies has been sele·:.::;:;E:,i .. _., illus

trate important :i.deas from the p1�f'.- eding chapte r .  In ac;.c _._ ... .ivr: . enough 

information has been provic!:c: to al1.ow the reader to get sta:.:·ted. on 

a specific task or proces� . or �o build certain tools . 

Section t!--.nJe contains a catalogue of a number of tools that 

are available -:nroughout thr 10:cld to meet a wide:; ·Jariety of needs . 

This section is viewed mai'"'-1 Y  o.s an 1 1nformation exchange ' ,  and its 

aim is to make people aware of some of the devices others have used 

to improve their situa t:.L·1 · .  

The final section i 1 1  the book gives an indication of the new 

and experimental tools or systems that are cur�en�ly under consider

ation in the field of appropriate technology . It also outlines possi

ble new areas of research and future additions to the handbook . The 

dppendices included in a reference .section give the names anJ addresses 

of several groups and people involved in one way or another with 

appropriate cecr.no:::.·Jgy so as to facilitate international exchanges 

particula· ·ly between the developing countries . There iz also an 

extensive:: , though by no means �xhaustive , bibliography , a suggested 

System of classification and a glossary of terms used throughout the 

text . 

It must be stressed that this handbook should only be regarded 

as introductory . Appropriate technology is many things to many people 

and we have found ourselves in areas about which little is understood. 

Problems have been investigated that have not been thoroughly worked 

out . �n order for this book to function as a dynamic ��d appropriate 

tool , it has to allow for the inclusion �f new problems and new 

solutions � . -We eire therefore aslti�g tor and relying on the comments ,  
ideas . and · suggestions o f  the rcsde r .  The looseleaf format has been 

.
·u.sed .to permit inclusion .of ·any further inf<:�rmation . 

The amount of funding at the disposal of the Institute and its 

colhtborators for the preparation of the handbook was extremely 

modest and the book i s  only a preliminary effort designed to familiar

ise the likely agents of change with the concepts and potentials of 

appropriate technology . 
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THE CRITERIA OF A TECHNOLOGY ' S  APPROPRIATENESS 

The criteria of a technology ' s  appropriatene s s  presented in the 

firs� pection of the handbook have evolved from an intensive state

of-the-art sm·vey " Since the f'ield i s  relatively new, viewpoints 

''iffer as to what constitutes an appropriate technology. Our sslection 

has been ec:ectic and the following list is by no means exhaustive . 

�propriate technology should be compatible with local cultural and 

eccnomic conditions , i . e .  the human , material and cultural resources 

of the community . 

The tools a�d processes should be under the maintenance and operaltional control of the populat ion. · Ap:Jropriat � t echnology , wherever possib:J.,_ , should use locally avail

ablE: resources . 

If imported resources and technology are usecl , some control must be 

macle availab l e  to the community . 

Appropriate technology should wherever possible use local energy 

sources . 

It should be ecologically and environmentally sound . 

It should minimise cultural disruptions . 

! It should be flexible in order that a community should not lock itBelf I into systems which later· prove inefficient &'lei unsuitable . 

Research and policy action should be integrated and locally operated 

wherever possible in order �o ensure the relevance of the research 

to the welfare of the local populat ion, the maximisation of local 

creativity , the p2rticipation o f  locaJ inhabi·tants in technological 

! development s and tte &ynchroni sation of research with field activitie s .  

Obviously , in practice , i7 ma} not b e  possible t o  meet all these 

criteri a .  They do , however, �rovide general guidelines or goals to 

which appropriate �ecr�ology practition�rs shoul0 aspire . 

CASE STUDIES H!CLUDED IN THE HANDBOOK 

The case studies inclu�ed in the handbook deal with a variety 

of subjects and have been carefully selected to illustratB these 

criteria of appropriateness. The following examplP.s will give an 

idea of �he types of issues raised in the handbook . 

a )  Solar distillation 

This case st'ldy traces the more recent historical develoument 

of a small fishing village on "the i sland of La Gon9.Ve 7 Haiti . Defoli

ation of th� land and subsequent c l imatic changes beginning in the 
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early 1950 1 s  have brought unprecedented hardship . By the mid-1960 ' s  

there were several major problems facing the community , one of which 

was the lack of potable water. Water for cooking and drinking pur

poses had to be obtained from wells , the closest of which was a day ' s  

walk there and back . In 1965 , a community development programme was 

initiated in an attempt to raise the village eco nomy to a level bOrne

what higher than its current subsistence level . As a part of the 

overall programme a solar desalination unit was constructed to supply 

the village with a continuous source of fresh water¥ The introduction, 

design , construction and utilisation of this solar still are discussed 

in the study . Also included are a basic description of the solar still 

and sufficiently detailed plans and specifications to permit the con

struction of a similar water desalination plant . 

b )  The �ntegrated waste-fuel-food cycle 

This paper is the result of many years of s�udies on integrated 

rural planning . Although it is not te�hnical , it tries to clari�y the 

problems faced by most developing countries in the world,  where 

foreign investmentc have by-passed the large majority of the people 

in rural areas . The government of Papua-New Guinea has established 

an eight-point development programme , which is aimed at counter

balancing the growth of industry and cities through a healthier 

rural development . A very gJod set of recommenda�ions are made to 

explain how small villages can enhance their economtc activities 

through the use of local resources and better educatior, • A fresh 

approach towards waste handling and processing is described. It shows 

that energy recovery goes hand in hand with better health and an 

improved quality of life . 

c) Beekeeping development in Kenya 

After a thorough study of traditionaJ practices in beekeeping 

and a comparison with the methods and equipment used in the Western 

world, the authors have developed transitional types of bee-hives 

which lend themselves to the hardy type of local bees and to better 

bee-management practices . Widespread use of these hives has proven 

them to be very successful . Construction procedures and specifica

tions are discussed and design advantages of this hive are analysed. 

A set of good photographs together with a brief bibliography of the 

subject complete the s�udy . 

d) Small bio-gas plants 

This study is an introduction to the development of bio-gas 

plants as an alternative eource of energy in rural communities in 

India. The anaerobic decomposition of animal waste is used to produce 

methane gas . The biological process , economics, installation and 

construction procedures together with clear and comprehensive 
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:, ::o..i.culations and drawings have been tncluded . From these one can 

readily obtain an idea of the usefulness of this 1 new • energy source 

in agriculture or for domestic purposes and how it can be used to 

raise the standard of living in some regions of the country . 

e )  Oil drum cupola foundry 

Thi� study describes a small-scale iron foundry built in 

Afghanistan to improve upon traditional techn1ques of steel pr oduc

tion . A brief history of the project is given together with the 

re�sons of introducing this improved technology . A description of 

the unit , costs and performance to date is discussed . 

f) 'lhe Gu,jarat Industrial Investment Corporation 

This study describes the activities of an investment corporation 

which has been set up in �ndia to assist small-scale enterprises by 

providing loan�· for the acquisition or construction of buildings and 

machines , and for working capital . This go·lferr,ment-sponsored insti·· 

tutlon has bPen remarkably successful in stimulating local small

scale industries . In s�ite of the fact that it gives loans to people 

without requiriug collateral in the form of fixed assets , its success 

rate has been as good or Petter than that of the conventional commer

cial bank which insists on fixed assets as guarantees before granting 

loans . 

g) Intermediate adaptation in Newfoundland 

Appropriate technology can also be important for rich cmmtries. 

This is particularly true for some o f  the less develop(.d and mainly 

rural areas .  Newfoundland , one of the provinces of Canada , is a case 

in point . It has one of the highest unemployment rates in the ic1us

trialised world .:_n spite o f  significant industrial growth . The autl:.ors 

of this case s�udy discuss the potential for an appropriate technology 

strategy in Newfoundland and analyse in detail two specific examples: 

' long� iner' boats for fishing , and controlled fish curing technique s �  

The fino.l section o f  this study deals with the relevance tc- Newfound

land of ap��norie�e technology and long-teru. p!3nning . 

h )  Solar coffee dryers in Columbia 

The solar dryers described in this case study &�e mainly used 

for drying �offee �eans but they are also used to dry maize , beans 

and cocoa. The sun drying of coffee is widely practiced in Columbia �  

About 70 per cent of the national production o f  dry parchment coffee 

is dried this way . The reason for this is that the method is ideally 

suited to requirements of the thousands of small-scale producers . 

This study gives the operational characteristics and economic details 
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on a variety of small-scale �ryers as well as the necessary informa
tion on construction materials .  Also included are a set of seven 
photographs of solar dryers currently in operation . 

SUGGESTED POLICY ACTIONS 

Our experiences show that practitioners and scholars of develop
men� have become disenchanted with the existing de• elopment policies . 
Thes.' policies are not only creating cultural and economic disloca- . 
tions , but also by-passing the large masses of the population which 
stand - ittle to g'lin economically from these D!'ogrammes and which 
often st.:ffer severt penalties in other aspects of their lives . The 
less forvmate groups of the population are le?ft to feud for them
selves , ar.i foreign aid often does them little good . If ecor..omic 
developmen� is to take place, and if cultural neritages are to be 
preserved , , 1evelopment from within ' become fl. a serious polic; alter
native . This requires working through local people ,  local :·esources , 
local structUI es , and using a technology that accommodates these 
low-cost indigt-nous inputs .  

Practi tj ·_mers who have gravitated towards this position are 
calling it :.he appropr:!.ate technology approach. Their "9roblem has 
been one of conceptualisation and communication : how can successful 
but isolated experiences be shared and form an empirical basis for 
a viable alternative approach? This has led us to the development 
of an appropriate technology handbook , for there is today no �uthori
tative book which adequately covers the totality of the subject . 
This handbook � which has resulted from the dedicated team work of a 
widely dispersed group of individuals and organi�ations� ��d in which 
Brace Research Institute has acted primarily as a secretariat , should 
be viewed as an interim step in this dj.rection . 

It is essential that this preliminary effort , so modestly funded, 
te continued vn a more organised and rational basis . There exists in 
-the world today a vast amount of knmrledge on appropriate technology 
which needs to be collected and circulated . Th? task of exploiting 
this information is gigantic . With our handbook a modest effort has 
begun, and it would be Q,fortunate if the momentum developed in this 
initial phase were not carried forth. It is equa1ly essential to 
recognise that the material collected should not De restricted selely 
to technical , economic and social data emanating from sources in 
developed countries . The subject is universal and it has universal 
implications . 

The loose-leaf format of this handbook underlines the fact thc_t 
we are dealing with a new and dynamic concept which cannot adequately 
b� covered in a single book . It must be continually revised , upgr&oied 
and improved .  It has also indicated the need for future activity on 
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an expanded and more permanent basi s .  It i s  obvious that 3 journal , 

review or sorne �ther mechanism of commrmication , interdL:ciplinary 

in nature , anJ in a number of different languages i s  also requ�red 

for the interchange of ideas . The subject matter must be neither 

purely academic nor essentially scientit-ic .  The lar.guage should be 

simple and not restri ct itself to the technical terms of one particu

lar l"lranch of study . 

If the problems of the ��derprivileged elements �r tCe population 

in tte developing areas ar� to be g,)lved , the focus must decidedly 

be olaced on the development of man . In order for hill! to progress , 

he must find out �hat processes , technologies , equipme�t or tools 

are used by other groups or individuals to improve the quality of 

their lives and raise their standards of living . The in�or1:J.� tion 

must be mad€ available in a form which is easy to understand and 

hence to ::�.pply . 

Our handbook obviously has not been \'wTi ttan for the ordir�ary 

citi zen of tPe developi�g areas of the wor l d :  no first effort in 

dealing with such :relative!�.· new concepts could succeed in being tJO 

universal . It i s  hoped however that thE" message will �·�ach those in 

an ac'min.istrative , technical and cataJ.yti.c capacity in both developed 

and d.;veloplng regions who can act s �  t!le agents of char.6e . The intro

duction of appropriate tec·mology must necessarily be a slow but sure 

proce z s .  Only in this way can the overal l awarenes s  o f  the people be 

raised, and thereby help them to develop in an autonomous way . 

- 136 -



III . THE IMPACT OF MICRO-DEVELOeMENT PROJECTS 

by 

* 
ROS1 W. Hammond 

There a�e a great many organisations around the developing world 

working on micro-development projects . These a�tivities are being 

carried out in agriculture , mining and extraction, and commerce , as 

well as in the manufacturing sector . Ho·t�ever , this paper will selec

ti :ely focus on micro-development projects related to small-scale 

iilri.t:;- cry development as opposed to these other economic activities . 

The existing body of small industrtes in the develop�ng countries 

exhJ �it: great differences in organieation , capital structure , employ

ment , mechanisation and product lines , in addition to operating in. 

differing social , cultaral, economi c ,  and governmental �ilieux . Hence ,  

it ifl- difficult to geueralise about small industry operations because 

of the diversity and complexity of the body of industries and the 

varying business o::limE�tes q 
�egardless of these probl�ms , it is always desirable, and fre

quently required; that an evaluation be made of the impact of a micro

developmer ... t project . Some of the most frequently uzed techniques to 

eyaluate such projects include cost-benefit analysis, direct and in

d�rect e�ployment gen�ration and income distribution, capital invest

ment or value added . 

The small industry sector in developing countries does however 

h8ve a nt�ber of special characteristics which make accurate assess

Itents of the impact of micro��development projects more difficult . 

Small industries are inherent�y high-risk activities and the propor

tion of business failures i s  considerabl e .  By - the "time small 'indus

.tries .�eek assistance witll -.problems , it is frequently ·too late for 

effec"Live action . . .  Their communications system ·Is · usually _ poor and 

inef'f'ective . '.:.'he. small industry s�ctor ios geographically dispersed 

and lacks homogeneity; the small and we�k units whiCh compose it 

produce a great varie_ty of .g,..ods . primarily for local markets and 

their only common denominator l.s small size . 

it 
The author is chl-ef of the Industrial ·uwelopment Division of the 
Engineering Experiment Station, Georgia Institute of T2chnology � 
in Atlanta ,  Georgia , U . S . A .  
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The mec surable results of micro-development effo�ts ( e . g .  

ma!.'lagerial a.nd technical assistance) with one company are miniscule 

when r :<>lated to a whole country or even a region . Hence , an evaluation 

of micro-development efforts must be an aggregate encompassing results 

with a grea� many enterpri ses which have been provided with assistance , 

generally on a short-term basis . This means that the results of a 

small industry development programme are frequently slow in appearing . 

These characteri�tics of the small industry sector raise a num

ber of questions which will be discussed in this paper: Is micro

development prohibitively expensive? How can technology be effectively 
disseminated? How can the visibility of micro-development projects 

be evalua"ted? What mechanisms �re needed for more effective micro-

develop�ent efforts? Can an original target group of small industries 

develop an innovativ·e capability? Some discussion of these issues 

seems appropriate . In order to do so , I will draw from the 18-year 

experience of the Industrial Development Division of the Georgia 

Ins.<.:itute of Technology . 

THE COST OF MICRO-DEVELOPMENT PROJECTS 

Direct technical assistance t o  small-scale industries tends to 

be problem-oriented and short-term in nature . The problems may be 

important to the industry in question , but they are normally amenable 

to solution by a small expenditure of staff time on the part of the 

assistance organisation . The example of one Korean metalworking firm 

will illustrate our point . The technical problem facing the company 

was that two raw �aterials ,  small diameter steel rod and steel pipe, 

frequently were not exactly round . As a result , the quality of the 

products was poor, and the spoilage high . A simple hand-held shaving 

die was designed to permit the raw material to be made truly round 

before processing . The prototype die was designed and buiJ.t in the 

mechanical engineering laboratories of Zoong Jun University and it 

is now available to other metalworking companies in Korea . Problem 

identification , analysis , and the design and construction of the tool 

were done in few man-days .  

Our own experience ,  both domestic and internationa� with about 

4 , 000 companies is that small industry problem-solving may infrequent

ly take con::.iderable staff time, but that , on the average , an e)(9endi

ture of two man-days is required per problem . This translates into a 

cos� of approximately $200 in the US economy, but much less when the 

service is pr·ovided by a technical assistance organisation in a 

developing country where salaries are lower . 

Other evalua�ion methods can be used to provide an approximate 

qua:.�tific.ation of relative costs of micro-development project s .  One 

analysis '�Je did looked at 42';! companies to which problem-solvinp- , 
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::: .s s ..l. stanc;; wa� provided in 1972 . Direct ;jobs c_.-;::ated or saved in 
T-hese companies amormted ;;c S ,415 at the end ::d:' t!:e year . To�e1 

pl'O,�ect costs were $251 , 580 , which amou.•1ts to a co�� o f  $39 . 21 pe'� 
job created or sav�d . Full responsibility for cre.:- cing or sav;lns all 

these jobs could not be claimed by the program:ne '1ince tl".to amcnct. o f  
services ·varied with each company and ot'!'ler deveJ.cp;nent organis:'\tions 

were some·times involve d .  However ,  since neither ir.direct ,job cre.:tion 

nor mult l plie� factors were taken into accormt , it is believed that 

the $39 .21 figtire represents a fair eval;.Iation of the cost per job . 

A number ot' other evaluat ions of micro-development projects 

have been carried out and the results tend t0 vary . In the aggregate , 

however, the conclusion o f  the evaluatorB is that the return on the 

investment made ir, the project i s  many times the cost . In fact , small 

industry micro-development �rejects need no-c be prohit:itively expen

sive if an experienced and well-lJlotivated staff is av2ilabJ.e to 

implement the programme . 

Ti-:"'E tJ.'iPORTANCE OF THE TECH1>l'OLOGY DELIVERY SYSTEM 

Ther·e appear to be three p!'•erequisites f >r a successful programme 

o f  technclogy dissemination: reservoirs of infoniiation and expertise , 

a technology delivery system, and recipients of the t ecr�ology . 

Reservoirs of informatio� and expertise exist in various public 

and private organisations in many developing countries . T�ese include 

the infcrmation banks and professional staffs of public sector organ

isations such as ministrie s ,  state and local governments ,  libraries 

and other institutinns . In the private sector, industries often have 

mu�h information and expert staff personnel which may be tapped 

through arrangements of various so..-.t s . Tht> develcpment banks can also 

often serve as sources o f  information and assi stance for small indus

try . The extent and relative availability of such sources will vary 

from country t0 country, but in most cases accesa channels to tech

nological information exist in some measure . 

In all countrie s ,  there i s  also a small industry se�tor. These 

firms , wi t.'1 their variegateC and fragmented problems , .frequently 

require more information a�d there i s  no question that they Iorm a 

body of recipients in rreed o f  technical information . Even when the 

tecP��cal resources exist and the small industry sector needs these 

resource s ,  the delivery system which conv•�ys the needed information 

to the recipients i s  usuaJ ly the weak link . This delivery system may 

exis� in ful! or in part , or it may even be totally absent . 

In som13 de\-·eloping cou�tr ..i.es � programmes of technical assistance 

to small ind:J.stry have beP.n set up by the government but the mechanism 

ir, n:fte� imperfectly developed. In one such country , technical assis

ta!1ce personnel were placed in a number of major cities to provide 

- 139 -



variou.s p!'!)blem-solving tiervices to small industrie•s . However � these 

people were not provided with automobiles or other means to visit the 

small firms in the relatively large areas assigned to ·them . Apparently 

the assumption was that the entrepreneur in need of assistance would 

find his way to the assistance of'f'ice . In our experience this does 
not happen : entrepreneurs will not or cannot travel lcng distances 

to seek &>3Sistance . As a re�ult , the industries in the immediate 

proxi:nity o£ the urban offices re :ei\'e advice and assistance , while 

those farther removed are as isolated from assistance as ever . 

A technology dissemination system is only as good as its staff 

and L� many places of' the world gocd persom1el are in short supply 

or even non-existent . The well-recognised need for training industrial 

extension personnel remains lUlfilJ_c-d in many developing cotmtries, 

thus perpetuating inadequate teclmology delivery sys-tems . 

While the situation vari�s considerably from country to country , 

the following condl tions have to be met if a tc:cr.nology dissemination 

programmu for small industry is to Ue effec�ive � 
- Technology needs and possible sources of information must be 

carefully .L_,_entified; 

- The author�ty and responsibility to act as a technology 

delivery system must be clearly assigned to one or more 

well-motivated organisations ; 

- The delivery system organisaticns need some separate and 

iv�ependent source of' funding since the small-scale industry 

sector in most developL-6 conntries cannot support the costs 

of' technology diss&mination ; 

- The delivery system organisations must have O.eveloped or at 

least must be in a position t� develcp an expc�ienced and 

trained staff which is results-oriented ; 

A reliable evaluation procedure mus�.-: be established in order 

to permit the assessment of results .  

THE VISIBILITY OF MICRO-DEVELOPMENT EFFORTS 

One of' the inherent difficulties in increasing t-he visibility 

of micro-development e�forts is that the result� of any one technical 

assistance project for a small enterprise are rar�ly startling or 

momentous or even newsworthy . If , as a result of a micro-development 

effort , a company is able to htre 10 new employees ,  double its produc

tive capacity , increase its profits or develop some new !J.�-aduct, the 

impact is- still small in the total picture of the developing �ountry . 

It is only when the results of many such activities �re considered 

that a substantial impact can be demonstrated. 

By contrast , th� funding and deve�opment of a large steel mill , 

textile plant , or shipyard is a more visible and glamorous project 
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from Y:hich the government can obtain conside·rabls press cove1·age and 

recognition . It is therefore not surprising if such large-scale 

projects ,  which usually involve foreign cdpital and technical assis

tanc e ,  receive preferential consideration by the governments of many 

developing countries . 

Efforts to strengthen and build up small and medium firms , which 

are more likely to be locally-owned and managed by local people , tend 

to strengthen indigenous industrial and technological capabilities . 

Developing countries are beginning to realise the importance of a 

domesticall y-owned and operated industrial sector , and there is today 

a greater willingness on the ,art o� governments to extend financial 

assistance and technical support to the small industry sector. However ,  

the basic problem o f  visibility still remains , and it i s  only when 

many micro-development results are aggregated that impressive statis

tics related to the generation of employment , capital or income can 

be demonstrated . 

THE CONDITIONS FOR A SUCCESSFUL MICRO-DEVELOPMENT EFFORT 

The effectiver.ess of the mechanisms designed to stimulate the 

small- and medium-scale industry sec..tor in the developing countries 

is very variable . Success or failure depend upon such factors as 

organisational structures ,  level of funding , staff capability and 

motivation, and ease of access to technological information. However , 

the truly effective micrr ·development programmes usually owe their 

success to the presence of four institutional elements. 

The first is the existence of governmental programmes arising 

out of a recognition by governments of the importance of small indus

tries , and aimed at providiLg incentives and support to small firms . 

The second is the exist�nce of institutional mechanisms , both 

public and private , to analyse and solve micro-development problems 

and to di�seminate appropriate technclQgy to recipients through 

industrial extension activities or other means . An essenti�l element 

here is the presence of public or private len�ing institutions which 

have some responsibility for , and which are willing to work with , 

small industries . 

The third is the existence of informational systems , w�·lich serve 

as data centres and provide access t� R and D information from many 

sources , either as part of the institutional mechanism or available 

to it . An essential element of such informational systems is a 

' current awareness capability ' to ensure that information is avail

able on recent i.evelopments in markets ,  products ,  processes, or 

equipment . 

The fourth element is the existence of a personnel development 

sy�tem which provides co�tinual personnel training ( formal and 
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informal )  and upgrading , in addition to field experience .  This is 

usually , but not :1ecessarily , done through an institutioil.al or tech

nical assistance source . 

TP� DEVELOP�lliNT OF AN INNOVATIVE CAPABILITY 

Innovat ive capabilities in the small industry sector do not 

appear as frequently as in larger industries . Occasionally , small 

entrepreneurs will d€monstrate their innovativeness in the design 

of equipment , new products or new processes . This however is largely 

a reflection of individual ability and the nature of small industry 

activities is generally inhibitive to innovation. Most small firms 

are dominated by one entrepreneur who assum3s all the managerial and 

t�chnical responsibilities for running the c0�pany . The difficulties 

of day-to-day operations do not usually give the average entrepreneur 

enough time or opportunities to be greatly inno·!ative . The larger 

firms by contrast employ staff personnel who have the responsibility 

for staying 3breast of changing conditions and looking out for inno

vation . 

This type of staff support j s  largely non-existent in the small 

industry se�tor . \Vhen an entrepreneur does develop an innovation , 

this innovatibn i s  generally not made available to other companies 

which might benefit from it . This may be due to the fear of competi

tion, the absence of institutional mechanisms to disseminate infor

mation about innovation to other companies , or to any number of other 

reasons . However, when an i��ovation occurs in a wider institutional 

framework , the barriers to the diffusion of the innovation to small 

firms can be eliminated . For example , the low-cost rice machinery 

developed by the International Rice Research Institute has been made 

available to all interested manufacturers and is now in production 

in a number of rice-growing coun-:ri e s ( l ) .  

Another example is that or the 66 small metalworking industries 

in the Yong Dong Po area of Seoul , Korea . These firms are linked 

together in a tightly-knit association . In such an organisational 

framework , innovations developed by one company can be disseminated 

to others through the association . This ,  however, is an unPsual 

arrangement which is not often encountered in developing countries. 

Can a target group of small industries develop an innovative 

capability? In the absence of some special organisational arrangement 

such a question usually has to be answered negatively . An arrangement 

of this type would ideally reward innovation and provide a vehicle 

for dissemJnation of information about the innovation . It woulC also 

1 )  S e e  Amir U .  Khan ' s  paper "Mechanisation Technology for Tropical 
Agriculture" in this book . 
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assist in the adaptation of innovation to suit differing conditi�ns . 

In many developing countries the industry sector is an important 

contributor to employment and income distribution . It is also usually 

a training ground for indigenous entrepreneurs . For these reasons , 

it deserves more government support than it is presently given in 

some countrie s .  Our experience suggests �hat properly motivated and 

staffed public and private assistance organisations can provide 

meaningful managerial and technical assistance to this sector at a 

rela1..i,.r�ly low cost , and using the existing infrastructure of tech

nology and expertise . 
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IV. INDIA 1 S EXPERIENCE AND THE GANDHL'\N TRADITION 

by 
* N . M .  Hoda 

HJTR ODUCT ION 

Whenever we think and talk of development in the poorer countries 
we must be clear in our minds . Are we concerned only with increases 
in per capita income , a m . .Jre favourable balance of trade P.nd higher 
production of steel , cement and electricity? Or do we want to develop 
the downtrodden masses living in the two million vill�ges of the 
Third l'lorld? The real measure of development is the degree of well
being achieved br the 85 per cent of the people living in the villages 
fuld there should not be any controversy that the central aim of any 
development effort is the eradication of poverty and the rrovision 
of better living standards for the masses . 

Most development plans however focus on the urban centres ,  
reflect urban values and have largely by-passed the rural areas . 
There are very few effective development schemes for the villages 
and it is not surprising that the standard of living in the rural 
areas is declining , t�1e village structu!'es breaking-up , and migration 
to the cities increasing in a dramatic way . Unless this trend is 
reve�sed , real development in the poor countries cannot take place . 
The sophisticated and highly capital-intensive technology invented 
and used in the cities is unable to solve the problems of the poor 
people and we have to look for a technology which is less expensive , 
more labour-intensive and more appropriate to the situation of poverty . 

TECHNOLOGICAL CHOICES AI>'D APPROPRIATE TECHNOLOGY 

The technological choices facing the developing countries have 
generally been pvlarised between ( a} modern technology imporced from 
the industrialised nations and (b ) traditional indigenous technology, 

* 
The author is the head of the Appropriate Technology Development 
Unit of the Gandhian Institute of Studies in Varanasi , India . 
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whi�h is primitive , ineffic�ent and wasteful of skill and resources . 

'l'her/3 has been very little interacti-.:m -oetween these two types of 

tecil!lology and they have evolved on two completely different planes .  

Technology can be defined in terms of capital cost per work 

place. The indigenous technology ·.a..y be called symbolically the 

' £1 technology ! ,  while the Western technology could be called_ the 

1 £1 ,OCC tecl-.!l1ology ' .  The gap beh:een the two is so enormoes that a 

natural , organic trans:!_tion from one to the other is impossible . In 

fact , the intro0.uction of £1 ,000 technologies has killed off tradi

tional work places in villages at an alarming rate without providing 

any alternative employment for the millions who lose their livelihood . 

'l�he village oilmen , potters , cobblers and weavers dri·Jen out of busi

ness by the competition from the oil mills , ceramic plant s , shoe 

factories and textile mills , are joining the unemployed labour force 

in the big citie s .  Their £1 technologies are �rossly ineffici€nt and 

the Vlestern £1 , 000 technology is too expensive for them. It is meant 
for those who are already rich and powerful . If effective help is to 

be given to those who need it most , it require f. a tect>..nology which 
i s  more appropriate to the conditions of poverty , and which would 
range somewhere between the • £1 technology • and the 1 £1 , 000 technol

ogy • .  This may again be called , symbolically , the 1 £100 technology ' .  

It would be more productive than tne primiti�G indigenous technology, 

but at the same time immensely cheaper and easier to manage than the 

sophisticated technoJugy of modern large-scale industry . Intermediate 

technology can- help to create much larger numbers of work places with 

existing capital resources and meet the needs of the poor in the 
villages . It should be small in scale , simple in use , rich in emnloy

ment opportunities , sparing of natural resources and non-violent in 

spirit . 

HlDIA' S RURAL DEVELOPMEliiT EXPERIENCES IN PERSPECTIVE 

The need to improve the technological level of traditional 

village industrie s ,  acute as it may be , is not an entirely new prob- _ 

lem, and India has witnessed many attempts to meet it in the past 

hundred year s .  In the 1890 ' s  quite a few centres for rural develop

ment were started up in various parts of the country . They represented 

a systematic effort to promote the development of speciiic rural 

communities through the conscious application cf technical knowledge . 

By the end of the 1940 ' s , a number of such projects embodying impor

tant principles and approaches of community development were in 

existence all over India . Sorue o f  them had been initiated by provin

cial governments and princely states , others by private organi�ations 

or great individuals ,  including Christian missionaries . The mission

aries who started their activities in the mid-19th century played 
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a great role in bringing this development work ( including education, 

hosultals and training in industry) t o  the remote and mostly tribal 

areas of t!:e country . Later on , Gandhian workers and independent 

voluntary associations were to ta.Ke th� leading part in this effort . 

f"'lost of these experiences could have provided important guide

lines for present-day planners .  but no attempt has been made to kno·.-: 

more about these plans and to l�arn the lessons from them. These 

projects were all systematical2_y p-..anned and sciehtifically conceived . 

They pioneered �ew methods of working with people in rural communities 

and made adequate use of industrial and agricultu�al technology . All 

the great Indian reformers ,  like Tagore �nd Gandhi , saw this very 

clearly . Before +;hem ( 1885) , tl!ahara.ia Sayajirao Gaekwad I I I  of 

Baroda and his prime minister Raja Sir T .  Madhav Rao had carried 

out their great experiment in Baroda for rural development . Tagore 

established a ' Shilp3 Bhavan ' ( community) in Sriniketan and trained 

artisans in new t- ;:;;�_;�4;.c:iogies imported from far and wide. More than 

any one el se , Hahatma Gandhi made it a movement , because he believed 

that " If villages perish, India perishes t oo " .  He organised the AL. 

India Spinners '  Association and the AlJ-India Village Industries 

Association . He made the ' charkha ' (th� spinner ' s  wheel ) a symbol of 

new village t echnology and started a systematic study of all the 

village industries with a view t o  imnroving their technology and to 

giving them nm., dignity . Gandhi had appointed many experts to develop 

village tec��ologies , which would help artisans and craftsmen to 

improve their rroductivi ty and efficiency . Men like r.1aganlal Gandhi , 

Satish Chandra Dasgupta and Jamnalal Ba,jaj carried out their research 

work and designed suitabl e machinery for spinning , weaving , oil 

extraction , leather work and t�1e use of carcasse s , 1 Ashram s '  ( rural 

development uni t s )  were set up by Gandhi at Sabarmati , Ahmedabad , 

'Nardha , Sodepur , Bardoli and ot:her places . 

After Independence ( 1947 ) , Gandhi with the help of Dhirendra 

cr.. . Mazumdar and others st.·t up a chain of village industry complexes 

like Sewapuri , Benaras , Khadigram and Monghyr to train workers in 

improved technologies and make them qualified to set up small indus

tries in their own villages . He also called on the State governments 

to try to make villages self-sufficient in their own needs for cloth, 

oil , shoe.s , e t c . and thereby reduce their purchases of consumer goods 

manufactured by urban industrie s .  As a result of Gandhi ' s  effort , 

there are at least one thousand such units set up in various parts 

of the country . !"len j_n �pired by Gandhi carried his torch alight after 

his death . J . C .  Kum.arapa and Dr. Gadgil , known as Gandhian economi sts , 

elab0rated his ideas further and ga,/e it a concrete shape . In 1956, 

a 1 �arvodaya ' plan ( community development plan) was prepared, which 

can be said to be a true village development plan . Acha�a Vinoba 

Bhave and Jayaprakash Narayan provided the leadership for the work 
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of village deve:iopment through the Sarvodaya movement . In fact, the 

village development programme has become an article of faith for all 

Gandhian movements in the country. 

In 1963, Dr . E . F .  Sd�umacher , a British economist and former 

adviser tu the British Coal Board , visited Inrlia at the invitation 

of the Planning Commission and Jayaprakash Narayan . He was influenced 

by the Gandhian ideas of industriali sation and technology , adaoted 

them to modern needs and turned intermediate technology into a world

wide novement . In 1966 he set up with other like-minded people the 

Intermediate Technolo,€:Y Development Group in London to collect infor

mation on such t e chnologies which would be really be��ficia] to the 

rural areas of the developing countr i e s .  Thi5 was the first organis

ation of its kind in a developed country which advocated cheap , 

inexpensive and labour-intensive machines and equipment for the 

developing count:-ie s ,  instead of sophi sticated, modern and hignly 

capital-intensive machinery . 

Schumacher ' s  movement of intermediate technology gave a new 

lease of life to the concept o1· village development and the Gandhian 

movement , reinforced as ex�f ��ed by Schumacher ' s  ideas , took a lead 

in gjving a new meaning ar_ _ scientific backing to the rural develop-

ment programme . The GandhJ.<: -. ..::nsti tute of Studie s ,  set up by Jaya

prakash Narayan to cona...._.__-:,. research on social science prob :::.ems in a 

Gandhian perspective , advocated the view that technology could not 

become meaningful for the poor masses if it was not confronted with 

the general social and economic questions facing thE· country and 

made aware of its deep-seated rural problems . 

The Gandhian Institute of Studies has taken an active interest 

in intermediate t echnology and organised many seminars on the subject . 

Later on , it decided to establish an Appropriate Technology Develop

ment Unit in the voluntary sector . This dream was eventually realised 

late in 1972 when such a unit was set up at Varanas i  in co-operation 

with the Intermediate Technology Development Group of London . 

THE GANDIIIAN INSTITUTE ' S  APPROPRIATE TECHNOLOGY JCEVELOPMENT UNIT . 
This Unit was set up with the aim to develo? , crystallise �d 

make visible the appropriate technologies that will really solve the 

problems of �he poor iu India . One has to identify what the problems 

of poverty are and find solutions which fit into the conditions of 

poverty . Technology must have a social outlook. In India modern tech

nology has now reached the point wh�re the establishment of an average 

work place in. industry costs between 20,000 and 50 ,000 rupees (£1 ,000 -
£.2 ,  r;;,r_. · f .  We have to develop technologies which require somewhere 

b e n, ·.:-;.!n 2 , 000 and 5 ,COO rupees (£100 - £250) for setting up a work-

�� -'---" -�e .  This means ten times more jobs for the same capital expenditure .  
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The purpose of the Unit is to re-orient all such agencies , 

institutions �nd :eaders which are engaged in the tasks of soCial and 

economic development of the rura1 areas to take up this new progr �e 
of work . It co-operates in t!.'lis t?.sk with all ' .1ose concerned, b 
they government departments ,  the PlBnning Commission , industrial 

corporations , big and small, or inter·national agencies ; but its prior

itieg are clear : it i s  the voluntary sector and the voluntary move
ment in the rural sector which are o£ central concern . The linit is 
interested in the; improvemeE-t- of in6 � ..,.enous industrie s ,  village tech
nologies and small indu£t.cies , .mu. i � is �·oncerned with all the 
spheres of village activities {ag.�.�i.cul tural tools and implements ,  
food processin g ,  material handling and transport , water and irriga-
tion, decent-r 
husbi!ndry , h· 
l i ,,. .1.ng a.nd c: 

i 3ed sources of 
h and hygiene , · ure ) .  Emphasis 

.JOWer and energy , construction, an5.mal 
;ducation and tra i_ �ling , community 
�11 also be put on the introduction 

of a.ppropriate t-.echnology into the curricula of primary and necondary 
schools . 

The Unit T r·oposes to become a ' knowledge centre ' where informa

tion on such t. �hnologies can be pooled and farmed out to those who 
require the:r. ·co dl'Omote research , design a.nd development in this fie-ld . 
One of its fir�� priorities i s  to motivate the s�ientists and the 
technologists , the students and the teachers of the universities , 
engineering institutions , polytechnic s ,  Institutes o f  Technology and 
ot�e:� research and scientific insti tuticns to carry out the work on 

approprin.te technologies to help the poor rural communities in India . 
The Unit also intends to set up a university liaison unit , which 

will include besides universities all technical institution s ,  poly
techn�cs and research institutes . The teaching staff in these organis
at;ons will have to draw up original topics for student project s .  
With its contacts in the field , the Unit should b e  able t o  submit to 
th6m- in�eresting and valuable challenges that are directly related to 
the real proble�s of the poor. 

With the acYive help and co-operation o f  the Intermediate Tech
nology Group in London, similar types of work are being done in many 
other developirg countrie s .  The Unit at Varanasi will be 2. chain in 
this international -eystem and through communication with other centres 
'trill try to 0btain the mos-�.. recen-c knowledge and bring it to the 
notice of the Indian peopl e .  But to be useful as a link in the inter
national chain , it will have to get the work done in India in order 
to influence research and development work in the country . 

THE RELEVANCE AND IRRELEVANCE OF RESEARCH TO DEVELOPMENT 

The record of foreign assistai.'lce to the less developed countrit!'s 
in the last two decades is so inadequate an<l lopsided that the 
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d.eveJ.oping world would have been bet er off without svch assistance . 

The present level of aid is only o "'  'l8.rginal significance and c.:Jmes 

witt. so many project cvnditions ,  · _- .J..ng of aid , fore1 gr. consultarJts 

and sophisticated technology that i -1: saps -the initiat.J.V€ an .... 1 r�cc" ·;ill. 
r;f action of the developing world . The developed count-t i e s  are only 

interested in selling their turn-key project s .  nuclear power stations , 

supersonic aircrafts and of cnurse armament s and defence equipment . 

Science and ;echnology in the i�du3trialised co1mtries are �ow 

progressing at an ever faster rate due -l:n the huge resources at their 

disposal . This activity is naturally �- .i:rected tnwards the intBrests 

of the developed countries themselv;� � .  Only tv a v�ry minor, .s.lmost 

infi·�itesimal, extent does it hr.ve ::.. bea;:ing �·..- proble-ms of d.1rect 

imJ:ortance to the less developed coun":ries . Scientific and ter.hno

logical advanc es in the West are having an impact on the Third World 

countries that is detrimental to their developmen� prn�pects . Most 

of the technical innovat ions of the late 18th and 19th centuries 

were mechanical inventions , which were simply the result of harn�ss

ing the tradit:icnal skills of blacksmiths , clcck-mai":e:;s , rr;i2.:wrig.h-':: s ,  

etc . Nowadays inventions grow ir"creasing1 y out o f  basic discoveries 

concerning the structure of matter and energy , chemical processes, 

metallurgy and so on . The successful adoption and adaptation of 

present-day technology requires a much greater knowledge o f  general 

science , which in turn requires enormous expenditures in equipmen� 

and instruments .  

Resear�h in the developing countries � s  too much under the spell 

of Western science a;�d technology and often i t.s ambition is to produce 

results more in J ine with the Western tradition than with the needs 

of the developing countries . 

The scientists and technologists of the poor countries are 

engaged in solving the pr-1blems o f  rich societies . This phenomenon 

affects the poor countries in two \"lays . In the first place , highly 

educated and trained persons migrate to the West and all the money 

spent on their education and training is lost to the nation . The 

responsibility for this situation lies with the kind of training and 

education they are given , for it makes them misfits in their home 

country . Secondly , even if they do not migrate they are mostly 

g engaged in a highly sophisticated research work , which is relevant .'· �mly to the industrialised countri e s  and the modern Westernised 

sector of their home country . The poorer people , who in India con

stitute 90 per cent of the population, do not benefit from tLis 

research and this is one of the reasons why development of the broad 

masses is not taking place . 

If the industr5.alised C "�untriea
' 

are seriously interested in 

helping the les,c; developed coun+ries with more appropriate technolo

gies , they will have to increase their research activities and direct 
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them towards the problems which seriously concern the less developed 

countries . This would imply aid of another type and on a larger scale 

than anything that has been done previously or contemplated until now . 

Tice --�al needs of the people will have to be studied in depth , then 

techniques and processes evolved to help them to work more efficiently 

and effectively . In agriculture , 1·or example ,  studies are needed about 

the nature of tropical soils and their reactions to different rainfall 

patt erns , about drainage , irrigation and fertilisers , about improved 

seeds , ��imal stocks , grazing pastures ,  cropping pattern s ,  the use 
of agricultural implements ,  the pre..-ention of plant and animal diseases , 

the storage and preservatl.on of perish'.ible products .  Much more research 

should gc; into the planning of irrigation schemes ,  aad greater efforts 

should be directed towards harnessing solar energy and wind power 

instead of concentrating on large thermal , nuclear or hydraulic power 

stations . Similarly there is a need for research into small village 
i�Justrie s ,  low-cost housing , food preservation , grain storage , tex
tiles , animal husbandry, etc . 

FOLm STRATEGIES FOR INTERMEDIATE TECHNOLOGY 

The technical approach tn appropriate technology must be based 

on the fundamental question s :  "What are- we really trying to do?" 

"What are the real needs of the community?" 11What are the obstacles 

that prevent solutions t0 these problems?" "What , then , is the most 

appropriate way of acting?11 Appropriate technology should be neither 

a second best , nor an outmoded technology but a solution that fits 

best the local requirements . Four solutions can be envisaged , and a 

successful innovation policy would probably include some elements of 

all four . These solutions are : 

- the reviving of an old technology , 

- adapting a current one, 

inventing a nev; one. 

- improving the traditional indigenous technology. 

a ) Reviving 

Some people may think that the methods of the 19th century 

engineers , when labour was plentiful and the large-scale industrial 

development in the Western world just beginning,  are suitable to the 

needs of less developed countries today . But , of course , the require

ments are chan.<�ing fast and the conditions in the developing countries 

are not exactl� similar to those of Western countries at any past 

stage of their development . However ,  some of these are marvellous 

technologies , even from modern standards , but they were by-passed 

by other technologies . By-passed technologies can make a contribution 
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and show unusual ways o.f solving a problem . .It may Qe desirable to 

go fa_., the simplicity of servicing and repair of 19th cer:tury engin

eers without blindly Ct'pying theic tech..."lology . Water wheels and wind 

mills. for example , wer� abandoned in the 19th century as a result of 

the introduction of steam engines , electricity and internal combustion 

engines. But with today ' s  energy crisis they can ba marle to serve a 

useful purpose again. 

b )  Adapting 

A current technology can be made wore appropriate simply by 

removing the labour savi�g elements .  Substituting a hand lever for 

an eleGtric motor represents not just a financial saving but also an 

employment opportunity . More important , it extends the application 

of the equipment to unelectf1fied areas and considerably simplifies 

the problem of maintenance .  The appropriate technology answer is not 

to be found exclusively in small-scale industry , although this might 

appear at the upper end of our spectrum . 

Scaling-down of a few important key industries such as cement , 

sugar or newsprim; , can also be immensely beneficiul to the less 

developed countries. This would help decentralise industry and reduce 

transport and distribution costs . The problem of depletion of resources 

and pollution could also be minimised. 

c )  Inventing 

There is a considerable scope here for both new research and a 

blending of past and present tecr�ologies to evolve new designs. The 

statement of needs and definition of the problem will have to come 

from the developing countries themselves , but the solution can come 
from the industrialised countries and their highly sophisticated 

research institutions . This approach would direct the best of modern 

scientific knowledge for the benefit of the poor people o f  the less 

developed countries . This could include in:formation on ne . .,r material s ,  

techniques fo-r working them o�- ·.the ways in which work i s  organised. 

New inventions ·can sometimes be c;lireCtly. adopted in developing coun:

tries. on a small-scal e ,  because large-scale introduction would n�ed 

enOrmous amonnts of money and the scrapping of costly machines. ·Bio

gas plants .and utilisation of solar energy can be included in this 

category . Balasundram is working on open-end spinning which is the 

latest . technique developed in the world . 

d )  Improving the indigenous teclmology 

This approa,�h will ·be_ ·most productive in the developing countries 

-themselves. All the industries and crafts which exist in the villages 
and small to..,'!ls could be studied systematically , and an organised 
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effort be made to improve their efficiency and productivity. This 

should be done with the help and assistance of research institutes 

using modern equipment and the best of modern scientific knowledge . 

The Western research organisations can also help in this to some 

extent . This approach has b�en given great attention in India by the 

Khadi and Village Industries Commission . Individuals and some private 

organisations have also worked in this field, like Balasundram in 

Coimbatore , I-1ohan Parikh in Sur at , Manibhai Desai in Poena and Anna 

Sahib Shastrabudhe in Wardha . 

THE DESIGN CONSTRAINTS 01' INTEEMEr iATE TECHNOLOGY 

Technology should be designed ac.cordlng to the needs and abili

ties of the poorest people living in the villages , the small towns 

and the slum areas of large cities . The people in the developing 

countries are often not used to the constraints of industrial disci

pline and regulated life. Other factors to be considered are the 

educational level , cultural norms , religious susceptibilities and 

habits of the population, the local climate and geography (humidity , 

temperature , rainfall ) ,  communication problems , energy and water 

resources and availability of raw material and spare parts . A lot 

can also be done by making use of the local traditional skills . 

Bearing theEe constraints in m�nd , one can try to elaborate the 

concept of a ' £100 technology ' and envi sage the development of indus

try on three levels : 

a )  home industries with an investment per work place of some 

£20 , using local materials and operated essentially by 

individual entrepreneurs in the villages . Information about 

such technologies must be given in local languages and 

through picture s ;  

b )  village industries with a n  investment per work place between 

£100 to £200 . Such industries can be set up with the help of 

village co-operatives and ··government extension workers. 

Information can be supplied in local languages and Hind i ;  

c )  small industries with an investment per work place between 

£1 ,000 and £2,000. This group probably represents the upper 

limit of �he appropriate technology spectrum and includes 

industries working for large urban markets .  

INFORMATION , COLLECTION AND DISSEMINATION METHODS 

One of the very important problems today is to establish a 

communication channel at the level of appropriate technology . Any 

small improvement in modern technology, like steel manufactur-ing , 
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air transportation or i.'"luclear power is immediately known all ove .... 

the worl d ,  but there is no channel through which improved technol�

gies for Villages developed in one part of the world is !mown to 

a.TJ.other. Such technologies exist in thousands of places , but there 

is no coffiffiunication . It is useless for devoted village level workers 

tc reinvent the wheel . If ir. a village someone is doing absolutely 

first class work and has invented some ntw tools or processe s ,  the 

:hances are that twenty miles away , no one knows about it . We there

fore need a communication system with ' knowledge centres ' .  There 

must be an organisation acting on an international level as a 

knowledge centre to collect anC redistrib�te information on a 

world-wide basi s .  But there should also be such knnwleC£"e c:e:-c--c:c·es 
in every developing country to obtain information from abroad and 

disseminate it to field operator;;; . This must be a two-way traffi c ,  

and the problems encountered in the field must be brought to the 

knowledge of the national and international organi sations . The field 

operators must be trained in the art of identifying ' knowledge gaps' 

and ' information gap s '  and then the central organisations �an be 

more specific in their search for new technologie3 . 

The dissemination of information about what i s  availab l e  in 

machines , tools ,  plants and equipment , processes and new techniques 

could be done through g0vernment agencie s .  Information could be 

supplied in local languages ,  with properly ill ustrate� chart s ,  

pictures ,  posters , diagrams , and pamphlet s .  Extensive u�e o f  mass 

media (television , radio and movi e s )  must also be made . In addition 

to that , fairs and exhibitions can be :1rgar�ised to demonstrate the 

uses of new equipment , new techniques and processes . 

LOW-COST TECHNOLOGY AS A POST-INDUSTRIAL TECHNOLOGY 

The meaning of intermF:diate or appropriate technology has been 

aptly summarised by Gandhi . Soon after the independence of India , 

Prime Minister Nehru went to the small West Bengal village in the 

Naakhal.�- District where Gandhi was trying to bring about communal 

harmony . Nehru went there to seek his advice and guidance on how to 

run the administr&tion and the government . "Just keep one small thing 

in mind11 , said Gandhi , 11when you are taking any action or making any 

decision, try to judge h0w this action o_r decision is going to affect 

the poorest of the people in the country1' • 
Intermediate or appropriate technology should similarly be a 

technology to serve the poorest of the peopl:" and its impact on the 

masses should determine the appropriateness of the tec��ology . For 

the developing countries , in many cases it provides work and a1so 

dignity to work . Cne of the lo�est of untnuchabl�s cast in India 

are the ' Chamars ' who deal with hides an.i. skins . They have to do the 

- 153 -



dirty work of removing the dead bodies of the animals ,  disposing of 

the flesh, flaying and tanning their skins . and making various arti

cles out of the skin, bones and horns . If some improved technology 

is provided to them, for inst3nce pulley blocks for lifting and load

ing (instead of carrying the carcass on their shoulders) ,  wheelbarrows 

for carrying , gloves and gumboots to deal with the dirt and filth , it 

would immensely raise their dignity in addition to making their diffi

cult task easier. Similarly in every field , some simple technology 

shculd be provided to the poorest men of the developing countries . 

The governments of the developing countries should therefore 

take a major policy decie-ion to support the village industries and 

its technology by providing them with the following concessinns : 

a )  All the village industries should be a�sured a regular 

supply of cheap raw materials and they shrmld be protected 

from the large i�dustries which are devouring raw materials 

from the village and forest area s .  

b )  Reeearch institutes should b e  set up exclusively for develop

ing appropriate technologies for the v i llage crafts and 

industrie s .  

c )  A very intensive scheme o f  education and training for the 

technologies of village crafts , agriculture , irrigation, 

communication and culture , etc .  should be starten . 

The whole system of education should be oriented towards 

achieving this objective . 

d )  Protection should be given to the village industries: the 

large- scale industries operate with the help of cheap 

electricity , cheap transport , cheap foreign exchange , 

skilled personnel trained at government expense and high 

tariff protection against foreign competition, but none 

of these facilities are available to the village industries . 

e )  The village industries should be given support for the 

preparation of feasibility studies for market research , 

marketing and the development of a service infrastructure . 

Due to the present energy and resource crisis , intermediate or 

appropriate technology has become a survival technology for both 

developed and underdeveloped nations . It is probably the only means 

through which we can raise the general standard of living of the poor 

co�unities and it will also help to restrain the industrialised 

countries from overspending the meagre resources of energy and raw 

materials we are left with . I think the bicycle exemplifies this 

very clearly . For poor countries where people have to walk miles on 

foot and carry heavy loads , it represents an enormous advance . For 

the rich countries , particularly in the overcrowded and over-polluted 

citie s ,  it also becomez a major advance to save them from congest_i.on 

and also pe;llution from fumes o:f the automobiles .  Thus in a number 
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o.f areas , intermediate tectmology represents a sort of converging 

point for rich and poor countries a.nd also for a life of equality , 
?eace and permanence in the \¥hole world . In this sense we might view 

it as a post-industrial and post-modern technology . 
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if .  THE SCALING-DOWN OF MODERN TECHNOLOGY : 
CRYSTAL SUGAR MANU!o'S,CT�RH!G IN INDIA 

r.y 
* 

M . K .  Garg 

Prior tc 1905 , the most commonly used sweetenin[ agents in India 
·,>'er·e two pr-1ducts manufactured by the age old i tdigenous technology : 
'khandsari' - a  sort of raw sugar which has to be further purified 
for direct consumption - and 'gur' or ' jaggery' - a concentration 
product of 'the whnle cane juice without separation of molasses. In 
1905 , import� 3f crystal sugar started from Java in the then Dutch 
East Indies . Initiall y , there was some resistance to �hio new product 
but gradually imports began to gro w ,  reaching a maximum figure o f  
haJ f a million tons annually valued a t  £10 million sterling. 

The modern large-scale vacuum part technology for matJ.ufacturing 
crystal sugar was introduced during the First World War . Up to 1932 
it.s progress was rather slow due to the very keen competition with 
the imported crystal sugar from Java. In 1932 , the Sugar Protection 

Act was passed and the excise duty on imported crystal s�gar sub
stantially increased . Thereaf�ter the industry grew rapidly and in 
1975 there were 222 large-scale vacuum pan factories in operation 
in India , producing close to five million tons of crystel sugar. 

Tr.is modern sugar industry occupies an important place in the 
national economy . It employs some 200 ,000 persons and contrib'.ltes 
about £50 million ste:rling to the national exchequer in taxes . To 
meP.t its requirements in machinery , six companies are manufacturing 
equipment in co-op�rati0n with forei� firms ; their technical link
ages however a:re limited to a few special fields . 

THE :I@ALANCES CREATED BY LARGE-SCALE TECHNOLOGY 

In 1931-32: the large-scale sugar plants were consuming 6 . 6  per 
cent of tr.e total cane growrl in India. At present the�r consume on an 

• 
The author has been working as a specialist on rural industries in 
the Planning Research and Action Division of the State Planning 
Institute in Lucknow , India. He is currently the hr•ad of Garg 
Consultants , a r.onsul ting firm specialising in apprl'priate technology . 
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average only 28 to 30 per cent of the cane crop . The main reason for 

this low coverage is basically the agricuJ tural pattern of Indi a .  

About 85 per cent o f  the land holdings are below one hectare . Sugar 

cane i s  the most highly paying cash crop ; not only does it bring in 

higher returns per hectare but it can wi�hstand the vagaries of 

nature much better than any other crop . AE a result , the small ]_and 

holciers strive to use part of their land for cane . In 1971-72 the:�e 

were 20 million farmers producing 129 miJ.lion tons of cane on 2 . t  
million hectares .  The cane crop i s  widely scattered and the opp0.!"L:uni

ties for estaDli shing the intensive growth areas required by the 

large-scale mills are limited . 

The modern mills get their supplies of cane at a orice ·"•hich 

is r:xed by the government . This price normally gives a 

cent higher return to the farmer than the other means n · ·;p.)Fa} o.f 
cane crop , i . e conversion to gur by the farmer himsei · the sale 

to the declining khs.ndsari industry . The cane growers the mill 

areas are much better off than those in the non-mill areas . Naturally , 

this has led the latter to ask for more remunerative arrangements for 

the disposal of their crop . 

With "the diffusion of intensi'.�e cropping cycles (two to three 

crops a year in place of the normal ?£le or one and a half) the farmer 

no longer has the time to crush his cane for making gur by bullock 

power and wants to save his bullock power and his labour for intensive 

farming wi�ich is more remtmerative than gur or sugar processing . This 

has createJ a strong movement in non-mill areas fer the cash sale of 

cane . 

In the mill areas the situation has become equally complex . In 

order to meet the fluctuations in cane yields , slightly bigger areas 

were allotted for the sugar mills to obtain their cane supplies . 

There have been increases both in the area under cultivation and in 

the ylald per hectare : the land area under sugar cane has nearly 

qu�dr�pled during the �ast 40 years ( from 685,000 hectares in 1931-32 
to 2 .6 million hectares in 1971-72) and the availability of fertilis

ers and better irrigation have incrsased the averege yield from about 

30 tons per hectare to 45 tons . 

The increase both in area and yields has been proportionately 

higher in sugar mill areas than elsewhere due t0 the intensive cane 

development work done by the sugar mills . As a result the cane avail

able in these areas is at present about 175 to 180 per cent of the 

installed capacity of the mills The mills are forced to extend their 

working days from 120-140 to 200-220, we11 into the hot summer season 

when recovery rates go down . Even then , the complete crop often cannot 

be e1.1.tirely crushed and in some years even has to be partly destroyed . 

This has resulted in a strong demand by the cane growers of mill areas 

for alternative means of disposal of their crop . 
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THE DEMAND FOR A LOW-COST MINI 'teCHNOLOGY 

The imbaL�nces brought about by the modern crystal sugar indus

try have created a demand for an alternative technology . Four groups 

are directly interested in such an innovation: the cane growers in 

areas where there are no mills , who want to get a better return from 

their cane cr0p and sell their cane instead of crushing it by bullock 

power ; the cane growers in sugar mill areas who want a means of dis

posing of their surplus ; the rural khandsari manufacturers who want 

to stay in busine s s ; and finally the government which i s  trying to 

find an outlet for the periodic surplcs of cane . 

The problem of developing an alternative technology which would 

eventually allow the cane growers to get the same price as that paid 

by the large-scale mills was referred to the Planning Research and 

Ad.j on Institute in 1955 . The aim of this Institute , which was set 

up by the Government of Uttar Pradesh in 1954-55 with a grant from 

the Rockefeller Foundation , is to carry out action-research for 

improving ar.d developing technlques for rural areas both in production 

activities and in home living . 

A team was set up in 1955 under the leadership of the author to 

study the three main aspects of the problem , namely product selection , 

technology and organisational patterns . 

The inherent strength of a large-scale technology i s  that its 

products meet the requirements and needs of pres��t-day society . By 

contrast , the old indigenous technologies in developing countries 

tend by nature to produce only a particular type of product which 

i s  going out of use and which does not fully meet the �ew require

ments of the market . This fact is not usually given enough weight in 

the various schemes for renovating and improving indigenous technology . 

Most of the attempts in this direction on the part of research agen

cies seek to improve workability , introduce new tools and increase 

productivity 4 As for the government , it tries to improve marketing 

methods and provides financial measures for survival .  Needless to 

say , such efforts have not been as successful as expected in putting 

traditional technolo�J on its feet . To give an example , no improve

ment in lime technology can make lime take the place of portland 

cement . Unless the traditional low-cost. lime technology can be geared 

up to produce portland cement , its future remains in doubt . Old 

indigenous technologies can, however , be one of the most promising 

bases for new low-cost technologies , provided proper attention is 

given to product selection . 

Jaggery is a concentrated product 'Jf the whole cane juice ; it 

contains about 80 per cent sucroFe or cane sugar . Khandsari sugar is 

a powdery , yellowish product conta1ning 94 to 98 per cent sucrose . 

The increasing preference of the Indian consumer for white crystal 
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sugar (which contains 99 .9 per cent "J:f sucrose) :_ed to the decline 

of the khandsari sugar industry . but the annual Grmsumption of white 

crystal sugar in India is still very low: only 5 . 8  kg per head , �s 

against some 50 kg in developed cormtries like tt.z United Kirs::lom , 

the United States and Canada . The low consumptirm of crystal sugar 

is partly due to the fact that a sizeable part of the rural popula

tion uses jaggery , not only as a sweetenil"lg agent , but also as a food . 

However , even in remote rural area s , the use of white crystal sugar 

as a sweetening agent for drinks or fnr making sweets is increasing 

steadily . 

The problem as viewed by the team of' the Planning Research and 

1-\ction Institute was not to improve the existj ng indigenous tech

nology but to find or develop a technoloe.t for manufacturinr crystal 

sugar on a small-scal e , comparable in quality and competitive in 

production costs with large-scale sugar technology , if no t on an 

absolute basis , at least in special circum�tances or locations . 

THE COMPfRATIV �FFICIENCY JF MODERN M\D TRADITIONAL TECBNOLOGY 

The manufacturirg of sugar consists of four stages :  the extrac

tion of juice from ;:;ugar cane ( crur ning ) , clarificatinn of the juice , 

its evaporation and concentration �nto masscuite and finally �he 

formation of crystals and their separation from the masscuite to 

obtain the final protluct . The team made a detailed study of the 

various types of plants and equipment available for carrying nut 

cane processjng on a small-scale and compared their efficiency with 

thf large-scale plant and machinery . It also studied the principles 

and practices which help to grow crystal . 

This work showed that with tl1e large-scale technology , only 

10 per cent of the sugar is lost at the crushing stage . With the 

existing small-scale technologies (bullock crushe�s and 3- or 5-

roller power crushers) used in the indigenous khandsari industry, 

the losses are around 30 per cent , i . e .  three times higher . 

Clarifications in the large-scale technology is carried out by 

chemical agents ,  principally lime which is used alone or in combin

ation with sulphur dioxide or carbon dioxide . The three large-scale 

clarification methoGs (defecation , lime sulphitation and lime carbon

ation) remove between 35 and 60 per cent of the non-sugar component 

o f  the juice . By contrast , the traditional system o f  bark vegetable 

coagulant clarification in the gur and khandsari industry can remove 

only 10 to 15 per cent cf these �lements which retard the crystallis

ation of the sugar and give the final product a powdery consistency . 

The evaporation and concentration is done in large-scale factor

ies in vacuum pans while in the indigenous industry , open pan boiling 
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is used . in the .first case , s•.1gar losses are around 2 per cent ; in 
the second , they reach 15 per cent , and in addition , there is a 
significant drop in the purity of the product . In vacuum pan factor
ies , crystallisaL.ion is carried out partly in the pan and pa1tly in 
crystallisers where the ma.sscuite is kept in motion . Approximately 
1 per cent of the sugar is lost in the process . With the stat j c  

crystallisation method used in the gur and khandsari industry, the 
losses are between 4 and 6 per cent and the sugar is powdery . 

The separation of sugar crystals .from the �other liquor c;'!.lJ -:.d 
masscuite is carried out in "the large-scale vacuum technology by 
mechanically-operat'3d centrifuges while in the khandsari industry, 
it was done pertly by static presJure and mostly by microbiological 
action . The efficiency of centri� ugal separat ion is considerP-bly 
higher:  only 0 . 1  to 0 . 3  per cent of the molasses are left in the 
,·ug-:1.r , as against 3 to 5 per cent with the traditional technology . 

THE DESIGN PRINCIPLES OF A PILOT PLANT 

After carefully considering the above facto·�s, the team decided 
to design a pilot plant based on the following technologies . For the 
extraction of juice , a 5-roller power driven crusher was used. For 
clarifiGation , there was no choice except the chemical process , since 
the objective was to manufacture crystal sugar . 

�he scaling-down of the lime sulphitation process used in the 

iarge-scale technology was experimented upon by a research unit set 
up by the Government of India in l936 . The process did not prove 
successful when commercially demonstrated . The3e research �esults 
were carefully examined , changes in the design of the equipment 
( especially for the lime anU sulphur-di�xide reaction ) were made and 
the lime sulphitation process was incorporated in the proposed pilot 
plant rtesign. 

As far as evaporation is concerned , the large-scale vacuum pan 
sy3tem was .found to be too complicated al'•_d capital-intensive . Scaling
down was a big research problem in itself and was judged uneconomic 
as wel l .  The only choice left was open pan boiling . Large numbers of 
designs of open pan furnaces were available in various regions of 
India but an examination revealed that hardly any of them were suit
able for the tyve of pilot plant envi saged . Two of these designs did , 
however , partially meet the requirements of the pilot rlant and it 
was decided to try both of them . Scaling-down the te�hnology of 
crystallisation in motion was simpler and a scaled-down model was 
incorporated in the design. A suitable and well. tested small-scale 
centrifuge was available , and we accepted it as such for the pilot 
plant . 
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THE TECHN!CAL PROBLEMS OF THE PILOT PLANT 

The pilot plant was established at Ghosi in the Azamgarh dis

trict of Uttar Pradesh in 1956-57 . Its capacity was kent at 30 tons 

of cane crushing per day . It operated for three months an� produced 

white crystal sugar c:· osely resembling the sugar manufactured by 

large-scale plants . The product fetched a price about lC per cent 

lower than that of mill sugar, while khandsari quality sugar used 

to sell at a 25 per cent lower price . The sugar recovery rate on 

cane was 6 .7 per cent as against 5 . 5  per cent in khandsari and an 

average 9 . 5  per cent in the large-scale sugar mills of Uttar Pradesh. 

The price paid to the farmer for his cane was 80 per ce·nt of that 

offered by the mills and the working of the plant did not give any 

loss . 

These results were discussed in a technical seminar organised 

in Luc�iow in May 1957 . The participants were technicians from the 

large mills , khandsari entreprene'..lrs �=�.nd research agencies . An inten-

sive programme of action research was then engaged to improve the 

technology . This progr��e focused on the design and develop&ent of 

a crushing unit comparable in efficiency with those used in the 

modern mills and on a better co-ordination between the various pieces 

of equipment used in the clarification process, while keepir� instru

menta-tion to a mi.nimum. Development of better kinds of open pan boil-

ing furnaces was undertaken to cut down the sugar losses and check 

the colour formation which is another hendicap in open pan boiling . 

In spite of the development of a crystalline structure , the 

=rystal was not a true crystal but rather a conglomerate of tiny 

crystals . If a true crystal could be grown , losses would be reduced 

and the sale price of the sugar would be higher . The masscuite pre

pared C'ID a small-scale llad a higher ·.riscosity than with the large-

. 

·. 

·. 

scale method . The sepa_ration of molasses was incomplet e ,  and f"hanges : :  

were made t o  slow down the acceleration time and increase the centri-

fugal force . If the travel time of the juice is too long , some sugar 

i s  lost and the recovery rate falls . The design of the pilot plant 

was accordingly modified to reduce juice travel to a minimum . 

The prc-'"''=ess time required from the extraction of' juice to its 

boiling into masscuite in the pilot plant was 12 hours . This was 

found to induce inversion of the sucrose . As a result it was decided 

to adjust the size and capacity of the equipment so as to remove the 

time lag between various processing stations and reduce the process

ing time to four hours only . Sun drying of sugar was adopted in the 

pilot plant . But i� was found that about 0.25  per cent of the sugar 

was lost 

adopted. 

< 

due to wind currents .  For this reason , hot air drying was 

. . . .  ·· 
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F'URTHER IMPROVEMENTS IN TECHNOLOGY 

Further research and development work was carried out between 

1957 and 1962 . A new crushing unit with two mills •:>f three rollers 

was developed in co-operation with the National Sugar Institute in 

Kanpur . The juice extraction rate increased from 62 to 68 per cent 

and the milling efficiency from 70 to 80 per cent . The frequent 

breakdowns of the crushing unit were completely overcome and a regu

lar crushing rate of 4 tons per hou� was achieved . The clarification 

equipment and practices were standardised so that the operations 

could be easily taught to semi-skilled workers from rural . areas . 

Visual and simple chemical tests were evolved , thus minimising the 

risks of poor clarification . 

A new type of furnace cut down the bo;.ling losses from 15 to 

10 per cent and increased the concentratior. rate .  Not much headway 

could be made in developing a true crystal and the problem still 

remains . The changes made in the centrifugal Uesign worked satis

factorily . Two new types o£ layout ( s emi-open and closed) were 

developed ,  and the juice travel time was cut down by 60 per cent . 

The readjustment of sizes and capacitie� . and the design changes in 

the equipment resulted in cutting do�n the whole process time from 

12 to 4-5 h�urs . Progress i� the development o£ artificial sugar 

driers could not be achieved due to the deterio!"'ation of the colour 

of the sugar . This problem should , however, have been solved by 1975 . 

To improve the economics of the plant , its capacity was raised 

from 30 to 60 tons per day . A comparison between the Institute ' s  

mini-technology and the other methods for producing sugar show that 

the recovery rate ( i . e .  the percentage of sugar re�overed and bagged 

cut from the total amount of sugar available in the cane at the time 

of the harvest ) is be�ween 57 and 64 per cent for �he intermediate 

technology , as against 42 to 45 per cent for the traditional khandsari 

technology and 75 to 80 per cent for the modern technology of the 

large-scale mill . Further efforts are being made by the Planning 

Research and Action Institute to narrow this gap between the inter

mediate and the modern technology. 

THE PATTERNS OF ENTREPRENEURSHIP 

From an organisational point of view, the application of a 

technology c"uld be divided into two categori e s :  the entrepreneur

O\Or"l'lership type and the producer-ownership type . Large-scale technology 

belongs almcst entirely to the entrepreneur-ownership type . The 

responsibility for raising c.apital for management and for day-to-day 

operations rests on a strong central group which has the required 
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expertise and incentives . Such an orgar.isatior. hardly takes into 

consideration the interests of the supplier or even the cons�mer and 

at times an element of exploitation enters into it . 

In the producer-own9rship pattern, ownership is divided into a 

number of levels between the worker ,  the supplier and the entrepren

eur . Capital investment is low and the management system is simrle . 

The surplus arising from such an activity i s  shared at various levels 

in place of being collected in a centralised pool , and can be rein

vested locally . This type of organisation can work at low efficiency 

and sUrvive even when the odds are high . This type of organisation 

has allowed many o f  the ineffi�ient indigenous technologies to with

stand the heavy competition from the sophisticated large-scale modern 

seC'tor. 

In our small-scale crystal sugar plant , we considered the possi

bility of a producer-ownership type of organisation, but there were 

two handicaps : the process we selected was of a type which could best 

be carried out under one roof. Efficiency would be lost if t�e pro

cess were divided into a number of levels . Management also had to be 

centralised . It was therefore decided to try out both types of cwner

ship rather than focus exclusively on the producer-ownership type 

(co-operatives ) .  

THE FAILURE OF THE CO-OPERATIVE MOVEMENT 

The cane growers were formed into a co-operative society whose 

membership was limited to cane growers of the locality . However, in 

order to foster leadership , a proviso was made to allow 5 per cent 

of the total shares to be sold to other interested persons of the 

region . 25 per cent of the capital was to be raised by the cane 

growers , 25 per cent contributed by the government as share capital , 

and the remaining half obtained as short and medium term loans from 

co-operative bank s .  Management of the society was vested in a board 

of directors partly elected b} the shareholders and partly nominated 

by the government . Top management personnel were drawn from govern

mental and semi-government2l agencies , while the lower management 

personnel were recruited locally . 

The members o� the co-operative would supply their cane in 

proport:ion to the shares they held. No fixed price for the cane would 

be set at the time o f  supply; however ,  advances could be made . The 

price of the cane would be determined by the working results of the 

co-operative at the end of the season . The available surplus , if any , 

would be divided between the suppliers after deduction of a 6 per 

cent dividend on the shares . 

The first co-operative unit was set up along these lines at 

Ghosi in 1957-58 . Although the technical operation was only a marginal 
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success .  many demands to install such units came from cane growers 

in other areas . By 1962 , eight units in all were built by P.R . A . I . 

Each of them was run initially under the administrative and technical 

control of P . R . A . I .  for two years . Thereafter , the operati�nal 

responsibility was transferred to the Co-operative Department . In 

1962 the installation and construction part was also transferred to 

the Co-operative Department where a technical cell was formed . When

ever neede d ,  guidance ·"as given by P .R . A . I .  

To date , four o f  these units have closed do�� and four are still 

working . The efficiency of three plants in this second group is qui�e 

high . Although the Co-operative Department made a year-to-year pro

gramme o f  expans1on by providing capital loan s ,  hardly half a dozen 

units in addition to th� above eight were started in the last 12 years . 

This failure of the co-operative sector i s  due to 9 variety of 

reasons . The first i s  that the supply of cane received by the co

operative from its members was to be proportional to the share capital 

contributed by each member . In genera l ,  cane growers could not find 

sufficient capital to entit-le them to sell their <:::omplete crop to 

the unit . The mem�ership therefore had to be increased to collect 

the necessary capital . The increase in membership led to a situation 

where hardly 25 to 40 per cent of the membe�s ' crop could be pro

cessed . The farmers therefore had to look for other outlet"' ::•_.,r their 

crop or continue to make jaggery , and thus lost interest in The 

co-operative s .  

The s�cond reason i s  that the cane growers did nnt feel confident 

about getting a good price for their cane on the basis of the opera

tional �esult of th� unit . They insisted on selling the cane outright 

and to meet this requirement , the practice of direct purchase had to 

be introduced . In fact , the attitude of the cane growers 1is-B.-vis 

the co-operative was rather lukewarm . 

A third reason for failure was the problem of motivation. When 
the programme was started , the administrative and executive responsi

bility for these units rested with the Planning Research and Action 

Institute which quite naturally had the motivation to implement the 

programme successfully . When the programme was transferred to the 

Co-operative Depar�ment , the Department passed on most of the responsi-. 

bilities to the cane growers . The skill and e�pertise of the cane 

growers was not sufficient and the efficiency of the units began to 

fall . A fourth reason is that the management responsibilities remained 

in the hands of the Department ' s  workers who were more .,r less forced 

upon local society . They did not feel :r·.;sponsible towards the cane 

growers and were more interested in working according to the depar+.

ment!'il rules .  

In two of the four success:"ul uni·t s , the administrative and 

executive functions were carried out by the Board of Directors in 
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a competent manner without any management personnel from the Co-oper

ative Department . In the other two units , the Board of Directors was 

strong enough to control the Departme-nt personnel in the interests 

of the unit� and it built up a strong local cadre of workers . 

PRIVATE ENTREPRENEURSHIP AND THE ROLE OF INDl'STRIAL EXTENSION 

Efforts to attract rural investors to take up this new technol

ogy were made after the first plant operating on a co-operative basis 

showed success . As a matter of fact , when the working results of the 

pilot unit were published , some of the khandsari manufacturers 

expressed their keenness to take up the new technology . In order to 

promote the diffusion of this innovation a number of steps were taken 

by the P . R . A . I . :  

- Financial and other working data on the various co-operative 

were made easily available by the P . R . A . I . ;  

Facilities were established for training prospective entre

preneurs in the co-operative plants ; 

Designs and drawings were supplied free of charge; 

Free technical guidance and supervision was given during 

the erection and installation of new plant s ;  

In the first six years o f  the programma ,  turn-key jobs were 

carried out for some selected plants ; 

- Operational advice was supplied during the working of the 

plant in the season ; 

A training programme was organi5ed to create a pool of 

skilled workers from which the new entrepreneurs could 

engage personnel ;  

Technical literature in simple language was published to 

give operational help and insight into the working of the 

plant ; 

- The plant , machinery and equipment were standardised and 

the manufacturing of the equipment was kept under strict 

supervision of the Planning Research and Action Institute ; 

Visits of entrepreneurs to each other ' s  units and free 

discussions with regard to the handicaps and difficulties 

encountered were organised along with demonstrations of the 

solutions to technical problems . Technical experts from the 

National Sugar Institute in Kanpur and from othf: -- 'igencies 

wer� invited to these demonstration� ; 

TechnicRJ seminars were organised to discuss the working 

co�ditions , handicaps and inefficiencies of plant design and 

procezsing techniques and to develop new solutions . Four 

seminars have been held so far and each of them has been a 

landmark in raising the efficiency of the plants ; 
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- An association was formed to look after the interests of the 

entrepreneurs and to obtain facilities from the government 

and the development agencies dealing with the vromotion of 

small-scale industrie s .  

·rhese extension methods have been highly successful in establish

ing the new technology . By 1973-74 , 935 units had been set up by the 

small en�repreneurs in the State of Uttar Pradesh . The P . R .A . I .  was 

also requested to help in establishing such units in other states . 

230 plants so far have been set up in tr.ese other states where 

P . R . A . I .  did a turn-key job for the first units .  The programme is 

expanding every year , and on the average growth rate of �hese units 

has been around 4S per cent a year . 

TECHNOLOGY EXPORTS 

Six plants were imported by Pakistan between 1962 and 1964. 
Nepal an1 SrJ Lanka have also imported a few plants . A team of experts 

from France came to study this technology in 1966-67 . In 1974 teams 

from Tanzania , New Guinea and Papua ca�e to explore the possibility 

of establishing this technology in their countries Two plants are 

1mder export to Ghana . 

THE ECONOMICS OF INTERMEDIATE TECHNOLOGY 

The first pilot plant was built in 1956-57 at a cost of 80 ,000 
rupees (£4, 000 sterlJ.ng) and had a c:<'ushing capacity of 30 tons per 

day . In the next three years . due to some changes in the design and 

the introduction of some new machinery , the cost went up by 30 per 

cent . The second design of the plant , worked out after 1962 , cost 

250 ,000 rupees (£12 ,500 sterling) and its capacity was 60 tons per 

day . At present the plant cost has gone up to 1 million rupees 

(£50 , 000 sterling) for 80 tons: per day crushing capacity . The major 

factor responsible fer this has been the high ra�e of infl�tion in 

the last two years . 

Initially , the capital for establishing such units was provide� 

by rural and �rban entrepreneurs .  After Independence , changes in the 

Indian fiscal structure had made a substantial amount of capital come 

out of unproduct_ve activities , and some of this idle rural capital 
was invested in the new technology . Government financing agencies 

also ca�� forward and provided 75 per cent of the capital as loans . 

At present , the commercial banks have started providing loans on easy 

terms covering up to 80 per cent of the capital required . The �ech

nolo.:w has been accepted and is now included as one of the approved 

industries for the technically educated unemployed . If they invest 

- 166 -

'.j 
I 



10 per cent of the capital required , the rest is provided by Govern

ment funds under this special scheme . 

a) Investment and employment 

In January 1973 , e . G .  Baron from the International Labour Office 

in Geneva , made a comparative study of the low-cost technology (the 

open pan sulphitation process) ar.d the large-scale vacuum pan tech

nology . Hls findings are summarised in Table 1 .  

Table 1 

COMPARISON BETWEEN THE MODERN AND THE INTERMEDIATE TECHNOLOGY 

Large-scale Small-scale 
modern mill low-cost mill 

Capacity (maximum cane crushing 
(in tons per day) 1 ,250 80 

Output of sugar in an average 
ser;.son (in tons) 12 , 150 640 

Total investment required 
(in million rupees) 28 o . 6  

•.rotal employment (seasonal 
and permanent) 900 171 

Avercge investment per ton of 
sugar of output (in rupees) 2 , 305 940 

Investment per worker (in rupees) 31 ,100 3 , 530 

These figures can be normalised: for the same initial investment o£ 

28 million rupees, one can build one modern plant or 47 small mills . 

In this case . the former will produce 12 ,150 tons of sugar for a 

total employment of 900 � but the 47 small plants will produce two 
and a half times more sugar (30, 280 tons ) and employ 11 times more 

�eople (9 ,937 r,s against 900) . These ratios obviously depend upon 

the assumptions about an av('rage mill ' s  performance in an average 

year . However rough t�ey may be , they do show that the small-scale 

technology is more efficient in terms of capital output and employ

ment generation . 

b )  Labour intensity 

��other measure of efficiency is labour intensity , i .e .  the 

ratio between the mad-hours worked and the amount of sugar produced. 

Labour intensity varies considerably, even within the same region 

and with mills using the same technology . A 1962 study of the Indian 

Productivity Team for the Sugar Industry gave an average figure for 

the whole of India of 10.42 man-days of work per ton of sugar. The 

comparable figure for the Philippines was 2 .10 , and for Puerto Rico, it 

was only 0 .64 . Within India , there are wide disparities: in the State 
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of Maharastr a ,  it varied from 10 . 3  to a low 2 . 6 ,  and in Western 

Uttar Pradesh from 20.7 to 9 . 3 .  For our small-scale intermediate 

tect..nology tL:.: E<,verage labour-intensity is 31 man-days per ton of 

sugar , i . e .  t':! 2e times more than for the av�::rage modern mill . 

c ) Cost of proces_sing and profitability 

There are a number of variables which make it difficult to 

analyse the cost of production on a standard basi s .  Two major vari

ables are common to both small-scale and the large-scale technology: 

the recovery rate , which varies from year to year and from mill to 

mill , and the number of working days , which ext�nds frnm 100 to 120 
in the case of small-scale technology and from 100 to 200 in the 

case of large-scale tec��ology . Then there are other factors like 
the wage structure , labour benefits ,  management and other overhead 

expenses . 

With the lBrge-scale vacuum pan factories, depreciation is very 

variable for the reason that older mil 1 s  were installed at a much 

lower cost . The capital cost in 1965 of a vacu1;:; ;Jan factory with a 

capaci"ty of 1 , 250 tons per day was 18 .9 million rupees but in 1973 , 

it had risen to 28 millic·n. For these reason s ,  it is easier to make 

a { omparison on the bas�.� of processing and conver-ting a unit of 
10 tons of cane into sugar . The data are summarised in Table 2 .  

For 10 tons of cane , the average rec0very rate in the large

scale vacuum pan factories of North India is 9 . 5  J?er cent . With the 

small-scale tect.nology lt varies from 7 . 25 to 8 pe,r cent . The cost 

of producing 100 kg of sugar thus works out at 235. rupees with the 

modern method , and between 223 and 236 rupees (depending on the 

recovery rate ) wit� the small-scale technology . 

The sugar made in the large plants has to be sold in near and 

distant markets whi--h means additional costs for transport and local 

taxe s .  Further, there is aiways a Celay in the disposal of the sugar 

since a much bigger region must be covered b:r the marketing system . 

These factors add 5 to 7 per cent to the cost and raise it to about 

250 rupees per 100 kg . The mini sugar units which sell their p�oduct 

in the local market do not incur these expenses . The Government of 

India buys 60 per cent of the sugar produced by the 222 vacuum pan 

factories for sale through the state distribution system . The price 

of this levy is fixed on the basis of a production cnst of 260 rupees 

per 100 kg . The remaining 40 per cent of the sugar is sold on the 

open market at a price which ranges between 320 and 350 rupees .  

If the res�arch currently carried out is successfully implemented,  

the recovery rate in the small-scale technology will rise to about 

8 . . 5 per cent and the ensuing reduction in fuel expenditure will 

definitely tilt the eco�omic balance in favnur of the small-scale 

technology . 
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Table 2 

COST OF PROCESSING 10 TONS OE' CA....-E INTO SUGAR IN 1971-1972 (in Rupees) 

Large-scale Small-Scale 
Modern. Mill Low-Cost Mill 

Salaries and wafes (1)  164 . 35 151.00 
Fuel · and power 2 )  57.70 66 . 50 
Stores and lubricant 103 .23 62 .130 
Repairs and renewals 48 .77 12 00 
DePreciation 200 . 00 90.00 
Overheads 39 .23 10.00 
Taxes : Excise duty 123 .50 59 .70 ( 3 )  

Purchase tax 50.00 50.00 
Cost of cane 1 ,200.00 1 , 200 .00 
Transport charges on cane 47.50 - (4) 
Capital cost 200 .00 90.00 

2 ,234.28 1 ,792 .00 

�: 
1) The labour in the large-scale mills comes from the organised sector 

and works on a year-round basi s .  After the season , a retention 
allowance i s  payable . In the mini sugar mills , labourers come from 
the agricultural sector and have ::::ome slack time during the winter 
months when the mills &re in operation. These labourers used to go 
to the cities , but now prefer to seek employment in the small plants . 

2
,
) Fuel economy in the mini suga: mills is poor due to design f'actor 

as well as to the non-continuous nature of' their operations . 

3 )  The excise duty has now been doubled and the tax advantage is only 
marginal . 

4) The mini sugar units are located near the f'armers ' f'ields and the 
cane is brought by bullock cart . For the large-scale mills , the 
cane is carted to the weighing station and f'rom there it is carried 
by truck and railway to the factories;  hence the high transport 
cost s .  

SOCIO-ECONOMIC FACTORS 

The small-scale sugar plants currently crush 10 per cent of' 

India ' s  C'.ane crop , and in 1974-75 produced 1 .3 million tons of' sugar , 

as against 4 . 8  million ton� for the large-scale factories . This mini

technology based on local resources has thus increased India ' s  sugar 

production capacity by a quarter . Some £24 million sterling have been 

invested in thP. rural areas . A seasonal employment potential has been 

created -. for 100,000 people who would otherwise migrate temporarily to 

the c:'.ties .1'or 4-5 months or remain unemployed during the slack season . 

The. additional tax revenues to the central and state governments amount 

to '£1 million sterling . 

A machine manufacturing industry has been set up . Its annual 

turnove� :is in the neighbourhood of £5 million sterling . The amount 

of· iron and steel needed to manuf'acture these small sugar plants is 

9nly 'about 60 per cent of that required by the large-scale industry 
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for producing the same quantity of crystal sugar . The machinery design 

furthermore does not require any imported components thus saving 

foreign exchange . 

More than 60 per cent of the cane consumed by the large-scale 

units is transported by truck and railway . Practically no such trans

port is required by the small-scale units :  they are within close dis

�ance of the cane growers ,  and transportation is done by bullock cart s .  

These units also act a s  ' centres o f  technical radiation ' by providing , 

among other things , repair services for �he new types of agricultural 

implements which are now being introduced. 

These units which employ about three times as many labourers for 

the same capacity as the large-scale mills , require only 40 per cent 

,')f the capital for the same cut put . The price paid to the cane grower 

is at pa:- with that offered by the large-scale mills (or 25 per cent 

higher than the traditional means of disposal of cane ) . The total 

income thus added to the agricultural sector is around £10 million. 

Some of the technological ideas developed for the small-scale 

plant have filtered down to the gur and khandsari industry . The gur 

industry has adopted the power crusher and crystallisation in moti
.
on . 

Both industries now use improved boiling furnaces and their efficiency 

has been substantially improved . 
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V I ,  THE UPGRADETG OF TRADITIONAL TECHNOLOGI"� IN INDIA :  WHITEWARE 

��PACTURING AND THE DEVELOPMENT OF HOME LIVING TECHNOLOGIES 

by 
* 

M . K .  Garg 

In 1900 , 89 per ceat of the Indian population lived in rural 

communitie ::> .  Village artisans , which accounted for some 18 per cent 

of this rural popula·tirm , were employed (or more usually self-employed )  

in seven basic trades o r  commWlity technologies: potters , carpenters , 

blacksmiths , weavers , tanners ,  ! P�ther workers and vegetable oil 

crushers . They provided basic household goods and agricultural tools 

to the community, served as repairmen and sold some of their goods 

to the urban areas . Farmers living near the cities and small towns 
often supplemented their income with small cottage activities like 

spinning , flour grinding , basket making and 'the preparation of milk 

product s .  

The villages were practically self-sufficient ; when cash was 

required ( e . g .  for the payment of taxes) , it could easily be obtained 

b] selling a few surplus goods to the urban centres , and the capital 

base of the villages was generally strong . This position changed 

gradually with the growth of large-scale mechanised technologies which 

were to make a major impact in three directions:  on product selection , 

on technology and on organisational patterns . 

THE PROCESS OF DECLINE OF RURAL INDUSTRIES 

The modern industrial firm, unlike the village artisan , had the 

capacity to change and expand its product range to meet the new 

requirements of the market . When the kerosene-fired hurricane lantern 

was introduced by large-scale industry , neither the village potter 

who made earthen lamps nor the village oilman who produced the oil 

to light it could meet the challenge and modify their product range . 

* 
The author has been working as a specialist on rural industries in 
the Planning Research and Action Division of the State Planning 
Institut� in Lucknow , India . He i s  currently the head of Garg 
Consultant s ,  a consulting firm speciQliSing in appropriate technology . 
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Industrial firms could also manufacture goods at a much cheaper price . 

The reason fot- this is not so much the often repeated argument of 

scale of production , as the eco;.1omies stemming from the use of modern 

sources of energy . Mechanised power in the form of steam, diesel or 

electricity i s  much cheaper than the muscle power , both human and 

animal , of village industry . A bullock can generate only 0 . 5  to 0.8 
hp for 4 t o  6 hours in a day . on the present basis the cost o f  elec

tricity is only 0 -55 rupees per hp as against 2 .66 rupees for the 

equivalent amount of bullock powe r .  

Mechanised power can b e  applied more intensively and in greater 

quantities in the manufacturing process and hence increase process 

efficiency . Muscle power has its own physic51 limit . In the village 

oil seed crushing technologies for instance , one bullock or at most 

two can be used , and only 30-32 per cent of the oil is extracted . 

With the same type equipment , 3 t o  5 hp of mechanical power give an 

oil yield of 34 to 36 per cent , and the cost of energy is lower than 

with the bullo ck s .  Mechanised power , unlike muscle powe r ,  has a great 

versatility and this greatly facilitates the development of new 

applications . 

Aside �rom the inab il�ty to develop new products and the emer

gence of better technologies based on mechanica� powe r , the third 

reason for the decline of village industries was the weakness of 

their organi sational structures (ownership patterns , supply of raw 

material s ,  marketing, financing and availability of technical know

how including research and development facilit.ies ) . Large-scale firms 

are generally owned by entrepreneurs who have.: substantial funds to 

hire any kind o f  technical skill, to innovate and to adopt new pro

cesses . The village industries were owned on a family basis by skilled 

workers or master craftsmen and employed the whole family+ Labnur 

costs as a result were small but their weak c�=�.;;.:i.. tal basis was a major 

obstacle to innovation . 

The raw materials came mostly from local sources and were avail

able partly on a barter basis in exchange for community services , and 

partly on a money basi s .  The large-scale firms , in a bid to get raw 

materials in sufficient quant ity for their own use or for export , 

offered higher prices and thereby destroyed the supply organisation 

of village industry . They also di srupted the marketing system: the 

local traders ,  who used to sell the goods of the village artisan , 

went to the cities and started to sell the new industrial goods for 

which demand was growing rapidly . The artisans were left to carry 

their goods to the cities themselves , sell them in open markets , often 

at throw-�away prices and lose a lot of time which couJ d otherwise b e  

used for productive work . 

This disruption of the links between the artisans , the traders 

and the suppliers of raw materials created a high degree of financial 
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scarcity in the villages . The artisans had to turn to money lenders 

who charged a very high rate of interest . Large-scale industry , by 

contrast , could obtain easy loans and overdraft facilities at nominal 

ratee of interest� They also had their stocks of raw materials and 

manufactured gocds to offer as collateral . 

The greatest advantage enjoyed by the large-scale firms came 

from the machinery manufacturing sector. The latter carried out much 

R and D work , and could offer new technology packages to the user . 
The government also supported R and D in the modern sector. By con

trast , the technology of the village industries remained static . 

Village artisans could not finance any R and D ,  and hardly any govern

ment agency carried out any such work for them . 

The process of decline of rural industry continued on a low key 

until the Second World War , but after Independence increased rapidly 

(the perc"ntage of artisans in the village commw1ities fell from 18 
per cent in 1901 to 7 per cent in 1971 ) .  The main emphasis of Indi a ' s  

Five Year Plans was t o  adopt a s  quickly a s  possible large-scale 

mechanised technology in all industrial activities . This required an 

infrastructure which was available only in the urban areas . Productive 

activities as a result concentrated in the cities and changes in fiscal 

policy contributed to driving the available capital to the urban areas . 

The development oi agricultural technology in recent years . which 

has b�ought about higher yields and allowed double or triple cropping 

has increased the income of the villages . However, the ultimate wealth 

left to the far�er after paying for fertiliser , diesel oil , implements 

( including tractors ) ,  irrigation water and domestic needs is propor

tionately much smaller. Though apparently there is a lot of money in 

circulation in rural India , the capital base of these areas is still 

very �eak qnd production activities remain low. Hence the mass migra

tion to the cities which has created very serious economic and social 

p!'oblems . 

Another aspect often neglected by the planners is that large-

scale teclmology has c.:.�:::!'coyed the pattern of self-employment and 

given rise to a class of organised professional workers who can hold 

society to ransom. Self-employment has an inherent flexibility to 

absorb fluctuations in the economy . A professional labour class does 

not have such a strength and this leads to instability and ineffiriency , 

especially in a developing economy . 

THE POTENTIAL FOR IMPROVEMENT 

Despite the decline of rural indusi: . . cies in the last sevent.y years , 

there is still a large number of vV_"'_dge artisans . The :following table , 

based on the 1961 annual survey of industries of Uttar Pradesh, gives 
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I 
1 .- a rough idea of the economic and teclmological potential of these 

traditional i!i.dLstries in a typical Indian state ( Uttar Pradesh then 

had a total population of some 74 million ) . 

I 

THE ARTISAN CLASS IN UTTAR PRADESH (1961) ---------
Spinners ,  weavers , knit·ters 

and related crafts 
Leather shoe makers 
Leather tanners and related 

crafts 
Potters 
Blacksmiths 
Oilmen 
Carpenters 

Tv tal number ! Percentage .. .,.,,.... 
I 

····-········ 

444 ,700 86 
53,700 98 

107 , 500 1 97 
127,600 i 99 

70 ,400 I 83 
93 , 500 100 
9 3 , 900 i 99 --- ·-

Any scaling-up of these technologies will directly benefit 

hundreds of thousands of nenple anQ will have a tremendous effect 

both 'Jn employment and the development of rur£. ar·eas . However ,  if 

only big industrial nnits are established, they will provide em":lloy

ment at best to about .. 1 , 000-2 ,000 people per unit and for the most 

part in the citie s .  The number of plants required will be limited 

and the employment potential much smaller and considerably wore 

costly . 

There are two facets of the problem of upgrading traditional 

technologi e s :  one may call them the 1 current aspect 1 and the ' pile"'�" 

aspect ' . The main function of the first is to 'hold the line ' and 

prevent a further deterioration o f  traditional cottage industrie s .  

Most o f  the organisations , both national and international , which 

deal with small industry are engaged primarily in this type of work 

through changes in machinery , financing , the b�ilding-up of market

ing systems and efforts to increase produci:ivity . This approach 

suffers from inherent limitations and it�3 effectiveness is limited . 

By ' pilot aspect ' we mean a concen trated effort on all the 

problems of rural industry - product selection, manufacturing tech

nology , organisational patterns (including the supply of raw materials ) ,  

marketing and finance - with the objective o f  establishing sound manu

facturing units requiring no subsidy . The products o f  cottage indus

tries shoulO be o f  the same quality and comparable in price to thosP 

manufactured by large-scale firms . This can only be done through a 

systematic action-research p.._�ogramme aimed at introducing mechanisa · 
tion or. a selective basis and developing processes which can be 

viabl{� on a small-scale . Hardly any such processes are currently 

a�ailab l e .  Some basic elements do exist but they can serve as a 

starting point only , and a complete system has to be built up throug 

pilot projects The story of the whiteware manufacturing industry 

shows how this can be done . 
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THE EARLY ATTEMPTS TO UPGRADE THE POTTERS' TECHNOLOGY 

In 1901 there were 3 million village potters in India but by 
1971 only 1 .2 million were left and more than half of tGese are only 
partly employed The traditional product manufactured by the village 
potter was a nonporo"L_s ware made from local clays wh1.ch after firing 
at 800° to 900°C gave a red-c0loured product . These were used for 
cooking , eating and storage as well as for structural purposes ( roof
ing tiles , floor tiles and d�ainage pipes ) .  Today , the whiteware 
articles made from China clay by the large-scale firms have replaced 
these traditional table-wares, while coo!�ing and storing needs are 
now met by metal-wares .  In the structural field , ce:....:mt concrete has 
mostly replaced the red clay articles of the village potters . 

Three alternatives for scaling-up the village potters ' technology 
can be envisaged . The first is to develop a glazed type of red clay 
ware which would have n�erly identical properties as the whiteware 
or China ware and which would partly replace the nnglazerL red clay 
wares . The second is to initiate the development of whiteware at the 
village level ; and the third is to evolve on the basis of market 
needs new techniques and improved products ,  especially in the field 
of structural articles which can be manufacturP.d by the �Tillage 
potters . 

A number of attempts in these directions were made by several 
agencies and individuals , including the author. Glazed red clay wares 
require a technology almost similar to that of whiteware manufacturing . 
The glazed red clay wares developed as early as 1940 at Hala in the 
British Indian Provinl�e of Sinci (now ill Pakistan) did not find accep
tance . The articles , t�ough improved in looks ,: were poor in use . They 
developed defects and b��ame dirty after 3-4 months .  The cost of 
production was about 70 per cent of �hat of whiteware , but the price 
obtained was only 60 per cent . 

Between 1937 and 1945 an effort was made by the Uttar Pradesh 
5ove�nment to develop the' manufacturing of hou5ehold glazed red clay 
in Chu11ar , a region which had been producing glazed l�ed clay toys 
since the 1900 ' s  {this activity still continues today) . This effort 
did not succeed either . Another attempt was made by giving a white 
coat to the red clay ware and then glazing it . The product wa� very 
similar to the whiteware and had some of its importarn; properties .  
This work was done at Khurja in Uttar Pradesh between 1940 and 19L�2 
by a fatuily of hereditary potters . A special kind of bowl was manu
factured in large quantities for troops in the field but when the 
process was applied to other goods , it did not \'fork . Productivity 
was low, consumer acceptance limited and the c�onomics of the civilian 
market unattractive . 
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The only alternative which appeared to stand a good chance of 

success was to initiate the manufacturing of' whiteware at the village 

potters 1 level. The work was carried out in four stages at four 

locations. 

a )  Th.:- Pottery Development Centre in Khur.ia 

The fLrst attempt was made in the township of Khurja in Uttar 

Pradesh in 1942 . The local government decided to mobilise the village 

artisans to manufacture goods required by the defence f�rc�s. The 

small colony of potters at Khurja waz organised to produce whiteware 

hospital goods , but the quality of �he products did not meet the 

requirements of the defence forces. Later the decision was taken to 

organise a small factory. The potters were given piece wages fer 

shapiPg the articles in their own cottage workshops and the raw 

mRLerials were supplied to them directly. Subsequently, the materials 

were I" Jll! ')utright, and the goods purchased at a fixed price in the 

unfired state. Firing was carried out in the factory kilns. Later 

on , the potters were asked to fire their goc>-:ls in the factory kiln 

a� the j r  own risk, and the finished goods were purchased at a fixed 

price. As time went by, the potters were encouraged to build kilns 

in their own house and become completely independent, except for the 

purchasing of processed raw materials from the factory. This method 

has paid dividends and now there are more than 250 cottage workshops 

at Khurja manufacturing goods worth about $120 ,000 annually. 

b )  Chinhat 

The work at Khurja created a sizeable cluster of artisans in 

what was a semi-urban locality. The objective of the project initiated 

in 1957 in the village of Chinhat near Lucknc·n was to teet whether 

a small cluster in a wholly rural area could also be successful. The 

same methodology was adopted, i . e . starting with a c�ntralised work

shop leading to fully independent ur..i ts. At Chinhat tw·o kinds of 

technological innovations were also carried out: easy-to-handle 

decoration techniques and the development of a family kiln with the 

same fuel efficiency as that of the kiln used in the large-scale 

factory. Both innovati�ns were very successful. Decorated Chinhat 

ware now has a very wide consumer mS:rket, and the economics of manu

facturing have been substantially improved thanks to the new kiln. 

c ) � 

T�1� objective in Gaura , another village near Ltlcknow, was to 

find out whether the installation of a centralised small factory 

could altogether be avoided and whether manufacturing activities 

could start outright in the cottage workshops. For this purpose, a 
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service centre was set up to supply the, ra\ and semi-processed 

materials, provide ce:.·. ;..ralised marketing facilitie s ,  lend money for 

Jnvestment anrl. working capital and develop the neces sary technical 

know-how �hrough R and D and advisory services . The work at Gaura 

developed well but the lack of proper training to the village potters 

and weaknesses in the f inancia.l structure of the co-operath-e were 

a big handicap . The activities remained at a low level but seen from 

the viewpoint of a vill age ' s  requi remen·c , were probably sufficient . 

d) Phoolnur 

Work in the village of PhooJpur near Allahabad started in 1970 . 
The objective of the Planning Research and Action Ins·titute was not 

to develop big clusters like Khur,ja , but to bring the whi teware manu

facturing technology d�wn to the individual potters by organising 

them in as small a cluster as possible in a number o f  village s .  A 

government-owned service centre with better technical and· financial 

facilities was set up more or less on the same lines as at Gaura . 

Two type5 of workshops were established. The i'irst were built around 

the service ce�tre with government finance and leased on a hire

purchase basis to those artisans who had success_fully completed the 

training programme . The seco�d type of workshops were in the homes 

o f  the village potters whose facilities were remodelled to manuf'actllre 

the whitewares .  A well equipped training centre was also built up in 

the service centre . thus alleviating the two main prob1 ems experienced 

at Gaura , namely lack of training and weak financing . 

The resul �s of these various efforts to scale-up the potters 1 

traditional technology have been very positive. Iro_ the State of Uttar 

Pradesh , some 15 million rJpees worth of whiteware products ($1 . 9  

million) are manufactured annually o n  a. small-sca l e  i n  cottage units 

in the semi-urban and rural areas . Employment for some 10,000 people 

has been created . The programme has reached a stage of self-generation. 

New centres in other parts of the State are being opened up at the 

request of local development agencies and two such centres - one in 

the eastern district and the o ther in Bundelkhand are currently being 

set up . R and D work is being carried out at Phoolpur and in the near 

future a porcelain type table ware and sanitary ware are expected to 

be introduced fo� manufacturing . Low tension electric goods are also 

being produced . 

In any scaling-up programme of village +.echnology, proper product

selection and the improvement or development of an adequate technology 

are very important . But the most critical factor is the type of organ

isational set-up required to initiate , expand and support such a 

programme for at l€-ast a dl')zen years or so . The artisans do not have 

the necessary financial strength . Nor do they have the capacity to 

locate or purchase the technical know-how . The· sponsoring agency 
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should therefore be in a positinn to pruvide adequate funds as well 

as facilities fo� the dissemination of technical know-how, together 

with marketing and purchasing facilities .  This can be done best by 

starting a service centre on a regional basi s .  Such facilities can 

be provided on a ' no loss - no profit ' basis or at a nominal profit 

rate . Unless such an organisation is built up , the results obtained 

have every chance of being retarded and lost . 

THE DEVELOPMENT OF HOME LIVING TECHNOLOGIES 

The potters '  technology , whose upgrading we have just analysed 

here , is concerned primarily with production . Appropriate technology 

also has what one might call a ' consumption dimension 1 :  many tech

nologiec are aimed nat at the manufacturing of new goods , but at 

providing basic services and amenities , mainly for the rural popula

tions in developing cmmtries . In this second group , we find a wide 

range cf : home living technologies ' which deal among others with 

house bu� lding and construction materials , water supplie s ,  dra.inage , 

the disposal of human faece s ,  kitchen fuel S'..lpplies and home lighting. 

The Planning Research and Action Institute has been involved in the 

development of many such tecP�ologies ,  and we will focus here in 

two specific case s :  the disposal of human faeces and the supply of 

kitchen fuel through bL�-gas plants . 

Village people in India have for generations been in the habit 

of easing themselves in the open fields near the villages Even in 

urban communities one can find , in the early hours of the morning or 

the late hours of the d&y , men , women and children easing themSelves 

in the nearby open space on the .fri.nge of human habitat ion . Human 

excreta often contains harmful germs , which cause diseases like 

cholera , typhoid fever and diarrhoea, and intestinal parasites like 

roundworm or hookworm . The practice of defecating in the fields and 

in the open places allows the germs and parasites to be carried to 

other persons by flies , drinking water or food . There are other 

problems connected with this habit . The inconvenience caused to women , 

children and sick persons when they go to the fields during rains or 

bad weather is often very great , and the side lanes and back corners 

of the villages are turned into stinking , insanitary places . The 

health and nuisance problems resulting from these condi t.ions rteed no 

further elaboration . 

DEVELOPMENT WORK ON RURAL LATRINES PRIOR TO J956 

One of the firs·t organised programmes for latrine construction 

in the Indian s�bcontinent began with the Health Units set up first 
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in Ceylon and later in India by the Rockefeller Foundation in 1930 . 

Bore-hole latrin�s with precast squatting slabs were tried out in 
these centr·es in a number of state s ,  including Uttar Pradesh . These 
efforts met with some m�asure of success but there were practical 
di fficu1ties in getting this type of latrine installed inside the 
houses,  and in mnving it to a new location once the bore-hole WAS 

filled up . There were also other disadvantages ,  such AS foul odours 
and fly breeding , which were due to the absence of a water-seal . In 
Uttar Pradesh, the idea of replacing the bo.r�-hole by a simple septic 
tank directly tmder the seal was experimented in the Pratapgarh 
Health Unit . 

Later on, the India Village Service , a voluntary organisation 
in Uttar Pradesh, evolved a junior septic tank but: due to certain 
defects , it could not be populari��d . It was felt that more work was 
needed on this problem . A number of ager..cies , both official and non
official , were engaged in designing a suitable type of Jatrine for 
rural homes . Some work was initiated at Sevagram by Mahatma Gandhi 
where efforts were �ade to populari se trench-latrines and the use of 
the ' khurpi ' ( a smaLl iron spade ) for covering the nightsoil after 
easing in the open fields . These practices , however, remained confined 
to Gandhi ' s  'ashram' ( community ) and the programme did not radiate 
to the neighbouring �reas . A few private firms also developed some 
latrines but on account of their high cost , they could not attract 
the attention of the village peopl e .  

THE P . R .A . I . ' s  DEVELOPMENT WORK 

The problem of' rural latrines was taken up first for study and 
later on for development and extension by the Planning Research and 
Action Institute in 19�6 . In the first stage , �rarious types of latrines 
were assembled and their working and operational conditions were 

studied, pr.tmarily from the point of view of sanitary condition s .  
This work showed that n o  latr1.ne could b e  called sar..J.ta::y unless 
there was a water-seal between the place where the person sits and 
the ?lace where the excreta is subsequently disposed. Without a water
seal flies and foul odours ·will develop . Rural latrines would there
fore have to be of the same type as the modern water closet and the 
excreta removed by f'lushing or pouring ' ater . Flushing a water-closet 
requires one to two gallons of water ; villagers , however , do not have 
running water and at certain times of the year . water is in short 
supply. 

The next phase wr to determine to what extent the water quantity 
could be red�lcer: _ ... . .  � ·ve:opment and tcst].ng of a number of models 
showed that: ..Jith an increased inclination of the pan and a smaller 
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siphon , the latrine could be flushed with a maximum of half a gallon 

of water . Another problem was the disposal of excreta after i� has 

been flushed from the pan . In the villages , there is no drainage 

system and a septic tank would have to be kept out of contact from 

the villagers . Various eJtperiments showed that the alluvial and sandy 

earths in Uttar Pradesh have an averPge water soakine capacity of one 

gallon per 40 sq . ft of surface area practically the year roQ�d . 

Human excreta ferments and emits foul odour when the soli1 con

centration is between 9 and 18 uer cent . If the concentration is 

decreased by adding water as in the central drainage system or a 

septic tank , fermentation and odour formation is nil . Similarly , if 

the concentration increases (e . g .  when the water percentage i c  re0uced 

by soaking , drying or otherwise ) the same cond1t1ons will obtai'1 : 

fermentation and odour formation will not occur . This knowledge about 

local soils and the importance of concentration rates were combined 

in the design of an earthen ' kachcha ' pit (or ·crude ' pit ) . After 

being flushed from the pan , the excreta i s  led to the pit , and �he 

wall starts absorbing water , leaving excreta in a state of higher 

concentration. The top of this pit was covered by a cement and con

crete cover . To !"'educe the cost and to mal-;:e the local manufacture 

possible , the pan and other parts were manufactured from cement and 

concrete rathe r  than from the porcelain used for city latrines . 

The kachcha pit could be expected to fill up after a few years 

and. would require cleaning . It may then not ·oe completely dry , and 

removal can present difficulties . To provide for this emergency , it 

was decided to build two pits side by side. The leading pipe from 

the siphon was curved : once the first pit is full , the curved pip€ 

is turned over so es to lead to the second pit , thus leaving the 

first one to dry . The excreta inside the pit dries up within six to 

eight months and is turned into valuable manure which can be easily 

removed . The cost of the equipment includin:· the pan , trap , leading 

pipe and pit cover was 16 rupees ( or about $2 .00) in 1962 and the 

complete system could be built up for about 30 rup��s . The cost at 

present has increased to 40 rupees for the parts and 80 Plpees 

(about $10) for the complete latrine . 

The ' P . R .A . I .  latrine ' ,  as this innovation was called , i s  well 

suited for acceptance by the rural commrmities. Its low cost }JUts it 

within the financial means of the villager . The amount of water 

required is not excessive . Sanitary conditlons are good and there is 

no excreta disposal problem . No costly provision like central Urainage 

or safety tanks is required. The latrine can be made locally, and the 

skills reqtlired for manufacturing the part s ,  erecting the latrine and 

operating it can be easily acquired by the villagers through simple 

training . 
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ORGANISING THE EXTENSION SYSTEM 

The design and development of the P . R.A.I. latrine took two 

years. In 1958 it was ready for extension. The pilot project for 

extension was taken up as a part of a wider environm�ntal sanitation 

project in collaboration with the World Health Organisation and the 

r.1edical and ::tealth Depart.nent of Uttar Pradesh . 

A manufacturing centre was set up in Lucknow. Training of masons, 

sanitary inspectors , overseers and primary health inspectors was 

arranged. Subsequently , manufacturing workshops were started in nine 

divisionf::l of the state . Individuals were also encouraged to take up 

the manufacturing and installation work. To make the design known to 

villagers, audiovisual aidn and publicity in exhibitions and i� 

villages were taken up. Literature in simple language was distributed. 

Training camps for the villagers were organised. 

As a result of all these efforts . the design has found very wide 

acceptance both in rural areas and in small cities \flherever a central 

drainage system is not available, government agencies have been in

str�cted to put up the P .R.A.I. type of latrine, even in hospitals 

and public buildings. By 1968, 200,000 latrines had been installed 

in Uttar Pradesh and the pre, gramme is continuing to grow. Other states 

have also taken up this technology and the Government of India intro

duced it very successfully in the Bangladesh refugee and prisoner-of

war camps. 

Th� PROBLEMS �� HANDICAPS OF THE P.R.A.I. LATRINE 

Vill�ge houses are located close to one another. As a result, 

the spac.e required for the latrine and the pit is often insufficient 

and such households, in spite of their strong motivation cannot avail 

themselves of this design. In some villages , the soil is very loose 

and some cases of pit collapse have occurred. To remedy this , cb�TJ.ges 

in the pit design were worked out . If the soil is very clayey, the 

pit wall cannot absorb water at the ra�e required. 

on the basis of experiments, it was concluded that tbe pits 

should be at least 15 ft distant from the water source both in a 

horizontal and a vertical direction. This dist��ce was found to be 

sufficient to prevent the bacteria from tr-avelling to the water source. 

In many locations, this rule could not be respected and the instal

lation of the latrine had to be abandoned. In areas where the -. .,�_ter 

level is 1� meters from the surface, installation proved impossible , 

since a pit depth of up to 2-2} meters has to be kept for getting 

the required soaking surface. 

The first pit fills up in four to five years. once full, it is 

left for drying, which takes about six months. In some r.ases where 
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the first pit was opened for e-mptying the excreta , it was found that 

it had not dried up but was in a semi-liquid state . Remova-L of the 

contents was extremely difficult . A number of devices have been tried 

out but the vroblem appears to be related to the soil ' s  absorption 

capacity . If the area of absorption is increased and the surroundings 

of the pit do not get any moisture from outside the excreta dries up 

completely but this requtrement l imits the scope of �pplication of 

the latrine . 

TEE ECONOMICS OF COVI DUNG : FERTILISER OR FUEL? 

In India b0th in urban and rural areas , wood was the main 

kitchen fuel until around 1930 . It was supplemented by dried ::akes 

made from animal dune; . The availability of wood had gradually 

decreased , especially after Independence : the village forests have 

been cut d')Wl1 and the land has been put tn cultivation to grow more 

fnnd . As a result , cow dung cakes began to Ce used in larger propol·

tion in the rural areas . It is est imated that at the beginning o f  

the century , c0w dilllg represented hard J y  5 t o  10 per cent cf home 

fuel consumption . This toto.:. increased tn abnut 25 per cent by 1930 

and 40 per cenL by 1q50. Today , it represents about 70 per cent . 

Burning cattle dung as fuel is wasteful since it deprives the 

.soil of va�Luable and i!lexpensive natural nutrient s .  According to 

�he estim8tes of the Planning Commi ssion, the 46 million tons of 

coal equivalent o f  dried drmg bur-nt every year correspond to about 

460 million tons of fresh dung . This quantity of drmg i s  the equiva

lent of 1 . 38 million tons of nitrogen and O o 69 million tons o f  

phosphorous pento;(ide . I n  1972 t h e  t0tal Indian production o f  nitro

gen fertili sers in te:-ms o f  nit:rogen was 0 .89 million tons and that 

of phosphorous pentoxide was 0 . 13 million tnna . If agricultural wastes 

like leaves . gras s , twigs , sterm and k ernel s are added , the ammmt 

of available nitrogen and nho.snllate C.01Jld be increased by another 

20 per cent . 

The treatment of the soil ·"';i th farmyard manure containing 0 .  3 

per cent nitrogen increases the pro0uction of grain by 5 to 15 lb s 

per lb of nitrogen , Qepending upon the nature of the soil , irrigation 

and o�her factors. Assuming an average increase of 10 lbs of grain , 

t',e l .  38 million tons of nitrogen contained in 460 miJ.lion tons of 

f. -; sh dung could give an additional grain om::put of 14 million tons 

annually , D:;Jart from other benefits like the general 1.mprovement of 

soil structure and higher fertility . Fermyard manure has a residual 

effect : its beneficial effect on the crop is n�t confined to the 

season of appli cation tut persists -:"'ver a number of years . 

The habit of using dried cow dung as fuel is deeply ingrained 

in the villagers and it cannot be changed easily unless there is an 
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attractive alternative . There are two ways of sa�.ring this dung for 

manurial purposes: one is to provide a cheap alternative fuel , and 

the other is to ferment the dung in a bio-gas plant . This yields a 

sufficient qu��tity of combustible gas which can be used for cooking 

and lighting and the residue can be used as manure without any loss 

of its fertilising value . 
At this stage it is too early to think of replacing dung by any 

other primary source of energy ( for example soft-coke ) in the 

villages because of the economic difficulties involved In order to 

release the whole of the cattle dung for manurial purposes an addi

tional 46 million tons of coal will have to be raised . This would 

require a capital investment of about 3 billion rupees ( $3?5 million) , 

The carbonisation plants would probably need another 4 billion rupees 

( $500 mill ion) . The additional rail traffic thus generated would call 

for a 25 per cent increase in the current rail capacity . Distributing 

the fuel from the r�ilway centres to the villages would probably ���1 
for a 50 per cent increase in the present transport capacity of the 

roads . 

In tnis context the supply of rural domestic fuel is essentially 

a local problem which necessarily has to be tackled at that level . 

The development of gobar gas or bio-gas plants in rural areas i s  the 

only appropriate or low-cost way to provide the villages with a 

kitcr_en fuel which involves no health hazards , which is convenient 

to use and which als(> provides th� much-needed manure. The problem 

of house lighting can also be solved : the gas from such a plant gives 

a brilliant light with the mantle Type of lamp . The problem of elec

trif}•ing the village could thus be given a low priority . For these 

reasons , the Planning Research and Action Institute decided to take 

up this problem anC. estatl_ished a research station which operated 

first at L'.lcknow under the Rural Industries Section of the Institute 

and later on at Ajitmal . 

THE GERMAN CONTRIBUTION TO BIO-GAS TECHNOLOGY 

The application of anaerobic digestion to cow dung and farmyard 

ma�ure was developed mostly in Germany . During the Second World War , 

three types of plants were used . The Schmidt-Eggergluse plant was 

developed for farms ranging in size from 570 to 1 , 300 acres with a 

cattle population betweer� 100 and 300 . The Weber _plant was designed 

by a farmer for his own 50 acre-farm with 26 cattle . It consists of 

four cement tanks - two for fermentation , one for the storage of 

dj gested slurry and one for the gas . The Kronseder type of gas plant 

i s  very simple and cheap . It is meant for providing gas for cooking 

purposes in small farms . A tub for liquid manure , split in the longi

tudinal axi s ,  floats in the cesspool once constructed on such farms 
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for excreta . The liquid is covered by the tub and ferments .  The gas 

produced i s  caught by the tub and a rubber tube c�nducts the gas to 

the kitchen . Nothing more is required . 

An analysis of' the above technolog_ies shows that they are not 

really suiteble to Indian condition s .  These bio-gas plants require 

25 to 150 cattle . 'i·!"�y are fully mecnanised and need an energy input 

in the form o£ electricity or diesel (this energy input comes to 

nearly 33 per cent of the total energy generated in the shape of 

bio-gas ) . The cost of the plant is substan�ially higher than what a 

poor village can afford . Such plants also require a high degree of 

organisation and suitab] e mechanical and managerial skills . In India 

their adoption would not onlJ· be difficult but practically impossible . 

More than 80 per cent of the agricultural holdings in India are 

one hectare and below. A farming family of five people on the average 

has not more than three animals - one cow or buffalo and two bullocks . 

These families live in scattered villages with about 150 hectares o f  

cultivable land divided into 50 to 100 families . Some farmers have 

up to 5 or 10 hectares but the bulk of the cow dung i s  produced in 

these scattered holdings . 

DEV"ELOPMENT WORK IN INDIA 

Social agencies have been very· actively involved in the develop

ment and extension of gobar gas plants .  The main ones are the Indian 

Institute of Agricultural Research in Hew Delhi , the All-India Khadi 

and Village Industries Commission in Bombay and the Planning Research 

and Action Institute in Lucknow . Useful work on cost reduction and 

the popularisation of these plar.ts among the village masses has been 

done by organisations like Messrs . J . P .  & Co . ,  in Bombay (Gram Lakshmi 

Plant ) , Khadi Pratishthan Sodepur in Calcutta and the Rama K�ishna 

Mission , Belur Math , in Calcutta . 

The various agencies working on gnbar gas have concentrated on 

a smaJ.l and simple family-size plant which requires no energy inputs 

and no specialised si'i:ill to operate . The main emphasis has been put 

on cost reduction so as to put; the plant within the financial reach 

of an indivi,;,_�ual famil y .  

EXTENSION AND IMPP.OVEiilEI!'£ OF TilE FAHILY GAS PLANT 

The P . R . A . I .  took up the extension of the family gas plant . 

About 30 units were installed by giving part subsidy and part loan 

to the farmers . A survey made after a year indicated that hardly 20 

per cent of the plants were working . A subsequent investigation 

showed that there were a number of reasnns for this failt.ire . 
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The volume of gas available was insufficient to a3et the entire 

cooking needs of a family throughout the year , ana after six to eight 
months of use the generation e.fficiency 0f the gas plant went down . 

The burning quality of the gas �as not constant and the flame some
times went out . More time was required to cook food with gobar gas 

than with other fuels . The gas contained moisture , thus clogging the 

pipe line which then required frequent clearing . Moisture spoiled 
and cracked the porcelain ring of the mantle in the gas lamps . Finally 

the cooking of ' chapatis ' (pancake-shaped bread) nroved to be difficult . 
The survey also showed that most of the farmers were not feeding the 

required quantity of cow d1mg because of its shortage . 
It was decided to examine these problems in detail and a team 

was set up for this purpose in P.R . A . I .  The group fotL''ld out the reason 
for these defects .  It was also asked to develop gas plants working on 
a feed of 50 pounds of cow dung - the quantity usually available to 
the farmer with three cattle . Over a period of two years , the team 
reported a number of findings . 

a) Domestic gas requirements 

For cooking purposes 12 to 15 cu . ft are requ�red per person per 
day . A gas lamp (40 candle power) needs 2� cu.ft per hour . On this 
basis , a family of five needs 60 to 75 cu .ft of gas for cooking and 
20 cu . ft for lighting purposes (two lamps operating for four hours ) .  

The total daily requirement for a family is thus between 80 and 95 
cu.ft . The 100 cu . ft gas plants which were in�talled could have met 

this but actually the generation of gas was found to be only 30 to 
50 cu.ft from November to February and 50 to 80 cu . ft from March to 

October , with the peak in June . 

b )  Generation efficiency 

The above gives a generation efficiency of 0 . 3  to 0 . 5  cu.ft of 

gas per pound of cow dung in winter ,  and 0 . 5  to 0 . 8  cu .ft per pound 
in s1unmer . In a controlled experiment conducted by C .N .  Acharya of 

the Indian Agriculture Researc� Institute , a generation efficiency 

of 0 . 5  to 0 . 8  cu.ft per pound in winter and 1 .1 to 1 . 5  cu . ft in 
summer was reported .  The various plant designs were based on that 

expectation . The variation of gas generation from month to month is 
directly related to the inside temperature of the digester . According 

to C .N .  Acharya, the inside temperature is a function of atmospheric 
temperature and it is 1 to 3°C higher than the atmospheric temperature . 

The best generation was reported when digester temperature was about 
34°C .  -This condition obtained for six months in the gas plant run by 

Mr . Acharya . 
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c )  Digester temperature 

In the experiment conducted by :. .R.A . I .  the inside temperature 
of the digester never went beyond 24°C irrespective o f  the atmospheric 
temperature . It was nearer to 22°C ,  hence the lower efficiency . In 
an effort to raise the temperature o f  the digester , insulation on the 
outside surface was provided from local materials like straw and ash. 
No improvement in the inside temperature of the digester was noticed . 
The reason appears to be that cow dung before feeding i s  made into 
slurry by mixing an equal quantity of water. The tem�erature of the 
water drawn from the well or by hand pump is always nearly ·16°C ,  
irrespective o f  the season , and the temperature o f  slurry was nearly 
the same when it was fed into the digestnr . The heat generated durlng 
digestion raises the temperature of the slurry by 2-4°C .  The effect 
of atmospheric temperature appears to be not more th�n two degrees 
in winter and eboJ.t three degrees in summer. Thi� means that the final 
temperature of the slurry will never be higher than 24 degrees in 
summer and 22 degrees in winter . 

d )  Ground temperature 

The digesters are constructed inside the ground with cement ar�d 
mc1rtar bricks . In India , ground temperature below 1 foot is l6°c .  
Such digesters will naturally draw very litt�.e heat from the atmos
phere since the top only is ex�osed and that too is covered by the 
gas ct:�llector . To benefit from the atmospheric heat , a digester was 
made above ground . The cost was higher but it did show inside tempera
tures up to 28 degrees ; �  summer . In June,  it rose to 31°C for abcut 
two weeks and the gas out�ut increased to 0 . 9  cu . ft . The cost of this 
digestor was 1! times that of the underground one . 

e )  Preheating of slurry 

An attempt to heat up the cow dung slurry was then made , but 
apart from adding another task to the farmer ' s  family , it consumed 
33 to 40 per cent of the gas produced . The idea of a solar boiler 
was then worked out , but such boilers , which are not available in 
India , had to be imported from Ja:ran , and as a result were beyond 
the pocket of the average farmer .  

f') Adjustment of the digestion cycle 

Another attempt to raise the gas output was made by adjusting 
the digestion cycle . The plant originally designed had a 28 day cycle 
(the cow dung slurry stays inside the digester for 28 days ) . During 
this period , 90 per cent of the gas was reported to be available . In 
fact , the cycle was found to be tno short and no more than 68 per 
cent of the gas was available . The digestion cycle was raised to 56 , 
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90 and 106 days . 92 per cent of the gas was available in 106 days as 

against 73 to 75 per cent obtain�d in the 56 day cycle . The increase 

in the digestion cycle required a larger size , thus raising the co5t 

of the pl;:�.nt . The increaso;: in the cutput of gas was nominal .  

g) Devel opment of mini-digestion 

Development work was carried out on smaller digesters requiring 

a cow dung feed o f  50 to 60 pounds which is available from 3 cattle . 

The smallest digester had a diameter of 3 feet and a depth of 4 feet , 

against the 100 cu . ft standard plant with a diameter of 4! feet ar:d 

a depth of lL :feet . Its feed requirement W8S 25 pounds of cow dung . 

Tva other digesters with a feed capacity of 50 to 80 pounds were also 

constructed The efficiency on all the smaller digesters was found 

to be at par with that of the 100 cu .ft unit . As a matter of fact , 

in ,..,inter the gas genera·tion per pound in the small digesters .,,,. ·._s 

higher than in the standard digester of 100 cu . ft .  These digestors 

were placed on the ground , properly insulated and exposed to the sun 

throughout the day . Internal temperature was found to be 3°C higher 

than in the standard plant . 

THE ALTERNATIVES FAMILY PLANTS OR COMMUNITY PLANTS 

If bio-gas plants are to be widely diffused , two alternatives 

can be envisaged : the installation of sophisticated community plants 

at the villAge le;·el ,  or the development of more efficient small 

family plPJlts .  Community plants must be fully mechanised and require 

a heating mechanism . Two such plants have been built on a pilot basis 
in India with Hungarian collaboration - one at the Pusa Institute in 
Delhi , aJ?-d t!le other at the National Sugar Institute in Kanpur . The 

investment costs were about 500,000 rupe�s ( $65 ,000) i� 1962 and it 

will now be about the double . Energy in the form of electricity or 

diesel is required to operate the plants . Installing and operating 

them calls :for ar. efficient organisation . Such plants may net be 

workable in a subsistence economy based on the barter syste:.n , and 

the transition to a monetary economy will create furth� � complications . 

The o �her alternative wopld be to :further improve the efficiency 

of the family gas plant , by increasing the gas generation efficiency 

tc 1 . 2 to 1 . 5 cu . ft of gas per pound of dung and by getting 90 per 

cent of the total gas out within a week or two . Achievement of such 

high efficiency can probably only be done through biological means . 

Anaerobic digestion is carrieC out by a colony of millions of 

bacteria , mos�ly of the 1 verticalla ' class of protozoa , which are 

naturally germinated in the cow dung solution in the absence
.
of 

oxygen . The germ pushes away all the undesirable materials in the 
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cow dung by its cillai (hair-like projections ) , selects and consumes 

the suitable material through an aperture and suddenly whirls round 

giving a corkscrew motion of its stem, during which process the gas 

is liberated. The verticalla resembles a lotus stalk with a flower 

on top . There are also other bacteria like ' cynocripta ' ,  ' englema ' ,  

' epistylis ' , etc .  

Maybe a new species of' bacteria could be developed They would 

have an active stage of' working between 16° to 22°C in place of the 

present 30° to 38°C ,  and a multiplication speed 5 to 10 times higher 

than the present species .  If such a species could be developed , the 

gas plant based on three animals or 50 pounds of cow dung will provide 

75-80 cu . ft of gobar per day , sufficient to meet the needs of the 

typical farmer family . The increase in multiplication rate will lower 

the digestion cycle ; this would require a much smaller gas plant 

whose cost wi ll then be within the means of the farmer . S11t.::h develop

ment will constitute an appropriate or low-cost technol�gy . Discussions 

with a number o£ bacteriologists indicate that such a possibility 

exists .  



VII . THE ROLE OF TECHNO-ENTREPRENEURS IN 

THE ADOPTION OF NEW TECHNOLOGY 

by 
* 

P .  D .  Malgavkar 

THE STORY Ot• PRAKASH : ENTREPRENEURSHIP INSTEAD OF BRAIIl DRAIN 

"Please send it by special truck positively today . Take compre

hensive insurance for 100 ,000 rupees on our account11 • Prakash Jagtap , 

sitting in his glass enclosed office in his two-storey factory in 

Poona , was giving instructions on long distance telephone �o the 

principal of an engineering college situated some 160 km a ... , -.y . The 

much fondled and valued cargo was actually a twenty-five year old 

800 hp dynamo meter which had not been used for years and needed 

thorough overhauling ru,d servicing before it could be commissione d .  

Prakash g�aduated in June 1969 with distinction i n  mechanical 

engineering . Amongst five brothers and three sisters , he is the 

youngest . His father is in th� printing and publishing business . 

Twenty-five per cent of his classmates after graduation went to the 

United States for further studies and/or employment . Many advised 

him to go abroad . His father left it to Prakash whether to go abroad 

or start a business . If he decided against leaving , the money ear

marked for sending him abroad would be placed at his disposal for 

starting a bu�iness . His brother-in-law Sa1unke , who was also a 

graduate in engineering and had about ten years of experience in 

running an industry , advised Prakash to decide once and for all 

* 
The author was formerly the principal director of the Small Indus
try Extension Training Institute ( S . I .E .T . )  in Hyderabad , India . 
He is currently an industrial consultm1t in Poona and a Visiting 
Professor at the National Institute of Bank Management (Bombay ) . 
The present paper is the outcome of the active co-operation given 
by Mr . V .  Salunke of Accurate Engineering Co . ,  Mr . T . P .  Vartak of 
Mark Elektriks and Mr. Prakash Jagtap �f SAJ Steels Pvt .  Ltd .  
from Poona and Bhadu, a village lad from Assam . These entrepreneurs 
willingly submitted to hours of questioning at short notice , 
patiently explained their points of view and went through the draft . 
The sole criterion in reducing the voluminous material presented by 
them was whether it was pertinent to the adoption of technology . 
The author would like to thank all of them for sharing their exper
iences in the cause of technology transfer to less developed coun
tries . 
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whether he would go abroad or start a business of his own . After a 

month ' s  deliberation , Prakash decided to start a business . Having 

burnt his boat , he was advised to select an item fnr production which 

could substitute for current imports , which was not consumer-oriented 

and which had a high technology content . He noted that in Poona and 

its surroundings a number of prime mover manufacturers were located . 

Prakash therefore selected water brake dynamo mete�s which are used 

for general testing, inspection and research by these manufacturers . 

In September 1969 , he established the Dynamic Engineering Co . His 

assets :  a letterhead and a ' factory ' - a room in his father ' s  house . 

The criteria for product selection was based on the reasoning 

that import statistics W•.mld easily indicate the demand within the 

country and that consumer products required sophisticated marketing 

sldlls . Capital gonds , by contrast , meant contacting a 3elected 

market where the buyer was more convinced by perf0rmance than by 

brands . The high technolo,e;:y content would ensure product specialis

ation , thus reducing the risk of mushrooming competition . Another 

reason for selecting a product w:'lich required a hlgh technology was 

to get away from mass production techniques where high material costs 

a lways weigh in favour of large companie s .  

A search then began t o  find out more about the dynamo meter . 

He first consulted the textbooks which helped him graduate in mechani

cal engineering .  The books gave a general description of about one 

and a half pages and nothing about Gesign , parts and component draw

ings . Prakash approached his engineering college professor who author

ised him to open the dynamo meter used in the cnllege laboratory. 

He found that it consisted of a sma1.1 number of castings and that 

there was nothing very complicated about its construction and assembly . 

Thereafter, he called on foreign c -·msulates and in a perif'd of one 

weel{ in Bombay collected addresses o f  about 250 manufacturers from 

all over the world . Back in Poena , the letterhead of Dynamic Engin

eering was shot out requesting information on products ,  types o f  

mac-hinery and designs from all these manufacturers . Literature 

started pouring i n .  He noticed that there was nnt much of a differ

ence between the college laboratory dynamo mete.z.' he had striuped 

earlier and these new designs . 

Si�ultaneously, he visited the dieseL engine manufacturers 

association , got the addresses of manufacturers in India , asked what 

type o.f dynamo meter they we.ce using, what improvements they wauld 

like to have and the possibilities of their buying his dynamo meter 

with improvements incorporated in its design. Some eighty manufactur

ers replied to �is letter : the dynamo meter had become a necessity 

for testing and certifying the performance of diesel engines , especi

ally if these were to be exported . He further contacted personally 

some 40 local diesel engine manufacturers .  
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In December 1969, in the process of contacting manu�acturers , 

Prakash came across one of the leading producers of diesel engjnes 

who had a dynamo meter of a well known foreign make rel3gated almost 

to the scrapyard . His offer of servicing it was willingly accepted 

by the factory manager who promised to buy eight dynamo meters pro

vided Prakash could guarantee their performance . · Proud of the possi

bility o f  an order and requiring space to strip the dynamo meter , he 

shifted his factory to his fathe� ' s  garage . He had seen a Japanese 

catalogue referring to this particular type made in the West and he 

argued that if the Japane se fo��d it good enough to copy , it must be 

really good . 

During thi� preparatory time , he used tu s:pend :..very day two to 

three hours in his brother-in-law ' s  factory to acquaint bimself with 

the machine shop practices and organisation . Simultaneously he wr"te 

to a number of machine tool manufacturers in India for their cata

logues and prices which gave him an idea of the relative performance 

of different types of machine tool s . 

He was now in a position to submit a proposal fc.� getting finan

cial assistance from a bank . He took his proposal to a number of 

banks (at that time 14 banks in India had just been nationa:ised ) . 

He wanted financial assi stance to cover land and building , machinery , 

worl<ing capital and bills facility to the tune of 180,000 rupee s ,  

out o f  which b.e would con ..... ribute 30 ,000 rupees which i s  father had 

set aside for sending him E:.:hroad (l ) . After discussions with a number 

of banks , one of them showed interes·t in his proposal but at the last 

minute , the manager asked him about his experience in this particular 

line . By then he had spent about 7 , 000 rupePs in developir..g the proto

type dynamo meter .,.,hich was ready in the garage and he could convinc

ingly reply to the bank . The proposal which was submitted in Wovember 

1969 was accepted by the bank eight months later . 

Of course , manufacturing the prototype was far from smooth . The 

first machine was way off the mark a s  it indicated 5 hp whilst absorb

ing only 2 hp . Prakash checked all the castings , the patterns , 

assembling , etc . ,  till at last he suc=eeded by June 1970 in turning 

out a dynamo meter performing to international standards . 

The first ydar was a difficult one . In 1970 , with two engineers 

helping him, his turnover was only 5 ,000 rupees . In 1Q71 , it went up 

to 86 ,000 rupees and in 1972 to 140 ,,000 . By 1973 , it had reached 

400 ,000 rupee s ,  and he was emploYing 40 people , of whom 12 were 

engineers .  He started with dynamo meters of 5 hp capacity . In 1973 

his range of d}�amo meters varied from 5 hp to 400 hp and he supplied 

60 factories . The old 800 hp dynamo meter about which he was phoning 

the engineering college at the beginning of our stot� , was loaned to 

1 )  Approximate rates of exchange : £1 20 rupees , $1 7 . 5  rupees .  

- 191 -



help him er�.::;ure that the dr.:>wings and design he had developed for a 
similar dynamo meter (to be supplied to the Defence Department) were 
o:f the right kind . This dynamo meter is to be sold for 100 ,000 rupees . 
His targ8t for 1974 is a turnover of one million rupees and he is now 
recognised as an authority on dynamc meters . 

Prakash went abroad in 1973 when he visited over 40 factories 
making dynamo meters . This gave him confidence that his production 
facility and product were as good as any in the world . 

He owes a great deal to Salunke , his brother-in-law, for intro
ducing him to financial discipline . Even though he started as a small 
proprietary unit , his accounts were audited by a qualified chartered 
accountant from the beginning . Further ,  he was advised never to sell 
on credit but to send the documents through the bank . He was afraid 
the big customers and factories wculd not accept documents through 
baTlks , but having committed hlmse1f to such a policy he went on to 
explain to the custome�·-s that being small and new , his bankers would 
uot accommodate credit sales . As the equipmen� was badly needeA by 
the big :factories ( including some public sect-or projects) they 
accepted his conditions . 

The future for him is all exciting . Ravin[ establi shed �is 
mastery in dj namo meters , he has gone into making sDecia1 alloy steel . 
'I'he stainless steel strip required for the vernier callipers made in 
Salunke ' s  factory has to be imported in India , which poses problems 
and delays . This was a challenge to Prakash . During his 1973 visit 
abroad , he had seen in Germany small manually-operated furnaces turn
ing out special-purpose alloy steel s .  He has assembled a 200 hp roJ.l
ing mill and a direct arc furnace of 100 kg capacity capable of heat
ing up to 17�0°C .  He has improved upon the iUn1aces he saw abroad 
(his furnace haS an electrical control uanel) and employs two gradu
ates in metallurgy for this project . He looks forward to supplying 
special purpose stainless steel to Salunke who will have a ready 
supply of stainless steel strips to make the vernier callipers . 

He is now helping five other engineers to set up their own manu
facturing ur:_ i --':s , and he is restructuring his firm into a private 
limited cc�pany , since the new scheme of alloy steel which he has 
undertaken requires long range institutional finance . 

THE STORY OF VARTAK : FINDING THE MARKET NICHE 

Vartak gradt�ated in 1965,  specialising in electrical engineering .  
V/ith the massive programme of electrification in the country , he 
thought of manufacturing electric motors since these are the common 
motive power for any other equ::.pment . He therefore established in 
1967 a partnership firl'l. called Mark Elekt.riks with another graduate 
in ele�trical engineering . Between 1967 and 1969 he manufactured 
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standard types 0f motors but he could not compete on production costs: 

the bigger manufacturing units bought their materials in bulk which 

gave them a co�siderable advantage in price since materials are the 

major portion of the cost of standard motors . Nor did he have the 

advantage of a well known brand to penetrate the market . 

At that time a U . S .  P�ace Corps volunteer specialised in indus

trial management was attached to his firm . He suggested to Vartak 

that the partners should take advantage of their knowledge by going 

in for special pur-pose motors which are generally not manufactured 

by bigger companie s ,  either because their collaboration agreements 

with foreign firms do not cover special purpose motors , or because 

development. costs for special purpose motors are too high relative 

to the size of the market . After 1969 , Vartak started to manufacture 

custom-built special purpose induction motors required bv the original 

equipment and machinery manufacturers making crane s ,  hoist s ,  washing 

machines f etc . He also developed torque motors . The yarn winding 

machines which use such motors require a reduction in winding cipeed 

as the yarn is wound . One way of achieving this is with eddy current 

couplings . A client lent them one such coupling which could no longer 

be obtained in India because of the ban on import s .  Vartak i s  now 

successfully manufacturing the eddy current coupling s .  

To know more about special purpose motor s ,  Vartak collected 

addre-sses of foreign manufacturers from the foreign consulates in 

Bombay and asked for specifications and quotations from the manufac

turer . In one catalogue , he noted that 42-volt motors were manufac

tured by a foreign firm for driving mercury pumps in the alkal� indus

try . He got in touch with alkali manuiacturers in India to find out 

whether they would like to have 42-volt motors . The alkali manufac

turers were at their wits end since they could neither find these 

motors in the country nor import them from abroad . They reail_:.ly 

responded by placing orders for such motors . 

Later on Vartak went abroad to visit manufacturers of special 

purpose motors . These trips tc Americ a , England and other countries 

made him cor.t'ident that there was ncthing extra special or formidable 

with the foreibTI manufacturers which he could not provide in his 

factory . In fact he bagged a good order for torque motors from a 

foreign manufacturer as he could offer them much below the price of 

the foreign firm . The torque motor requires considerable skill and 

attention, where the Irdian workers score, and the wages in India 

are very much lower than in England . 

A-s a service to indust'!'ies in the Poena region . he took up the 

rewinding and repair of electric motors ,  an activity in which the 

big manufacturers are not interested , since rewinding services have 

to be as close as possible to the users o f  electric motors . He trained 

eleven people from small towns where intensive electrification had 
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taken place . Most of them have prosper�J and two of them now have 

their own jeeps . 

Vartak is now full of confidence with his good turnover and 

high profits . After running into losses during 1967-68 , he turned 

the corner in 1969 and his net profits in 1971 amounted to 71 , 000 
rupees . 

Having achieved success in special purpose electric motors , he 

began to look for new avenues. In 1969 , he learnt that the principal 

of an agricultural college was working for quite some time on develop

ing a culture for ni troge·.1-fixing bacteri a .  The uni ve:rsi ty was 

approached to let the principal act as adviser for the commer-::ial 

exploitation of the cultures he had develope<l . The nitrogen-fixing 

bacteria called ' rhizotium' and ' azotobacter ' were developed and 

tested in a number of government agricultural centres . With the use 

of this culture , the crop production in the test farms went .;p by 

10 to 15 per cent . The cost of this c'.llture works out to less than 

a dollar per acre . Vartak ' s  target for 1974 i s  to cover half a 

million acre s .  

His contribution t o  this new venture was t o  gElt the principal 

of the college to act as the adviser and later as the research 

director for the scheme . He had the bacteria scientifically tested 

on more than a hundred farms , obtained direct reactions from farmers 

to this innovation, turned the laboratory experiment into a commer

cial scheme , and got a local firm to manufacture the shakers which 

are -('equired to keep the culture continually shaking . Vartak admits 

that the shakers made in the United States are better ) but if the 

American manufacturer were to supply the technology for making the 

shakers to the Indian firm, the latter wc•Jld be able to manufacture 

them at much below the U .S .  cost and supply them to the American 

firm for marketing either in the United States or in foreign countrie s .  

Vartak strongly advocates labour-intensive technology i f ,  i n  the 

process , the overall cost does not go up . This is particularly impor

tant since demand in the developing countries is limited , at least 

in the initial stages . He suggests that a f&tish of quality need not 

be made . Low-cost equipment which may not give the same quality and 

output as abroad may well serve the purpose of a developing nation , 

and is at any rate bette� than no equipment at all . 

THE STORY OF SALUNKE : STIMULATING NEW ENTREPRENEURS 

Salunke , a graduate in electrical engineering , i s  the managing 

director of M/S Accurate Engineering Compa.."\y which manufactures gauges �

instruments and tools . His slip gauged a.re made to a p1•ecision of 

1/1000 of an inch . During his visit to an American firm manufacturing 

similar gauges ,  he noted how thf;y were finishing them and offered to 
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supply gauges with the same spee2fication at much below the U . S.co� t .  

Today he i s  supplying that firm with one million rupees worth of 

gauges a year . Salunke now has 60 qua.iified engineers in t.he age 

group of 2.5 to 30 on his total payroll o f  abou-t 200. 
A dedicated person with a desire to adapt modern technology , 

he established in February 1970 a ' Forum of Industrial Technologists 1  

in Poena with the support of the local Chamber of Commerce and Indus

try and a State Government Corporation . The objective of the Fe "'UID 
i s  to exchange views and ideas regarding industrial technology , to 

discuss the latest technological developments in the advanced coun

tries and the ways and means of bridging the technological gar: be

tween the developed and developing countries ,  to assist anct guide 
members in economising scarce resourcP.s and mat.erials and to encour

age young entrepreneurs to break new technological ground . The Forum 

has six pane l s :  mechanical engineering industry , chemical indus-try , 

electronics industry , metallurgical industry , electl·ical lndu.s� :··y 
and management problems . 

The average age of the 137 teclmologists in the Forum i .s  _: �i , 
and 34 of the companies on its roll have developed new products .  The 

Forum encourages and supports innovation through advice and facilities . 

Its main focus is on the adoption and adaptation of t ecr�ology rather 

than on research. The di�fusion of technology takes place through a 

direct t·eedback from the Forum members , who share their problems and 

difficulties in the use of existing equipment , study imoorted machin

ery and equipment with a view to developing an indigenous manufactur

ing capacity and encourage fresh engineers to take up developmental 

challenges . 

Salunke has ref'ined a method for technology development and 

tra�sfer: he entrusts a technical e��reprene�r with the full responsi

bility for developing the specific machines or components which are 

requireJ. for his own manufact:Jring facilitie s .  Once this equipment 

is successfully developer. , he allows the 8ntrepreneurs within his 

firm to produce it on their own on a commercial scal e .  One example 

of this i �  the development of a precision watchmaker ' s  lathe similar 

to a Swiss model by three technical entrepreneurs in his factory . 

Once the lathe met the accuracy and performance test s ,  the engi�-- eers 

who developed i i: were given the opportunity to start their own � on

cern and manufacture it on a commercial basis . The first precis�on 

lathe shown in a recent exhibition brought forth over 1 ,700 enquiries 

and 50 firtn orders . These engineerd have been given a shed on a tem

porary basis in an industrial area and within a couple o f  years they 

will move out to a growth centre in a backward area which Salunke is 

de\' (;loping as chairman of a public sector pro,ject . Similar units have 

been set up for making dial gauges and the wooden boxes which contain 

the slip gauges . 
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The process of development of the watchmaker ' s  lathe will lead 

to the establishment o f  small firms making the chucks ,  motors and 

attachments required for the lathe . Efforts are being made to select 

ten engineering students who will be encouraged to start up these 

new industries . 

IMPROVING THE TRANSFER PROCESS : 

THE SUGGESTIONS OF THE E�'TREPRENEURS 

'I'hese three techno-entrepreneurs made the following suggestions 

for accelerating the process of transfer and adoption of technolcgy. 

a) The uroblems of information 

'�There is absenc9 of information wit:hin the country about new 

products , machinery , equipment and plants being manufactured in other 

parts of the world. If such information were readily available , indi

vidual entrepreneurs would not have to search for addresses of outside 

manufact1.1rers and collect information in a haphazard way before going 

into manufacturing" . (Vartak ) 

"Local information centres whose main task would be to give help 

in locating sources of specialised information should be set up 

throughout the country11 • (Vartak ) 

11Cheap editions o f  tedmical books and journals will encourage 

entrepreneurs to have a reference library of their own11 • (Vartak ) 

b )  Learning from foreign designs 

"The equipment , machine tools and components which are now being 

imported should be analysed with a view to finding out the possibili

ties for manufact'.lring them locally and meeting the country ' s  require

mE.nts in the coming years11 • (Prakash) 

"An agency recognised for its technical competence should have 

a certain allowance of foreign currency to import a few samples of 

foreign machinery and equipment which is likely to be in demand in 

the country " . ( Salunke ) 

"An institution should be created to import foreign machines 

with a high innovation content . This equipment should be placed on 

display for about a year, after which it shouJ d be sold to interested 

manufacturers at full cost for stripping it apart and developing new 

equipment " . (Vartak) 

"A more liberal trade policy would allow technologically innova

tive industrialists to strip foreign equipment and components with a 

view to manufacturing the� in India . Vibrator motors with an amplitude 

from 10 mils to 60 mils and frequency from 10 to 80 kcs is a good 

example :  knowledgeable manufacturers in India claim that they can 
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produce such motors at half the imported price provided they are 

given opportunities of stripping one or two such motors11 • ( Prakash) 

11The production of certain types of equipment often requires 

spacialised components .  These are generally made abroad on a large 

scale and it �� Jld be unecono�ic to produce them on a small scale 

in India . The permanent infinitely variable drive, to take one exam

ple ,  requires a special chain which would be easier to import than 
to manufacture since local demand is too small to justify a full 
scale plant . The same is true of the special purpose bearings and 

seals needed for certain types of machinery and equipment . Import 

of components which account for less than 5 per cent of the cost of 

the final equipment should be allowed liberally" . ( Prakash) 

c ) Picking up ideas from abroad 

11Visits to foreign factories and exhibitions by an experienced 

manufacturer gives him ideas about the possibilities of improving 

his J:·roducts and developing new types of equipment for producing high 

quality goods11 • ( Salunke ) 

11Concessional foreign tours on the lines of Group Travel Scheme 

should be devised for techno-entrepreneurs to visit tecr�ologically 

developed countries" . (Vartak ) 

"Qualified engineers from developing countries should be given 

opportunities to visit plants in developed countries and , if required , 

they should be given some in-plant training in their own firms 

beforehand" . ( Prakash ) 

d ) Support: for risk capital 

"It takes two to three years to develop a ma-:;hine after st:"ip

ping an imported one . During this period , techno-managerial counsel

ling throP.gh voluntary agencies is more meaningful than through 

governmental agencies . However, the support for developmental finance 

will have to come from th
_
e financial institutions supported by the 

government 11 • ( Salunke ) 

"The development of new technology is ' a  shot in the dark ' and 
a risk capit�l agency should be established to support it" .  (Vartak ) 

d )  Co-operation with foreign firms 

"A survey should be made of the materia::!.-saving , labour-intensive 
and low-volCme manufacturing industries in Poena and later in India 

with a vJ.ew to finding out their potential for manufacturing machinery 

and equipment for export . Manufacturers from industrialised countries 

couJd pass on their specialised technology to these industries with 

an understanding that marketing outside India will remain with the 
foreign companie s .  'fh€0 latter will then get the products at cheaper 
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prices and make more profits whilst the Indian manufacturers will 

be able to uFe their production capacity , skills and knowledge to 

the £ull11 • (Vartak ) 

THE INFLUENCE OF THE ENVIRONMENT : POONA AS AN INDUSTRIAL CENTRE 

The techno-entrepreneurs whose story has been told here come 

from the '..:.;ity o:f Poona , about 160 km from Bombay . It was earlier 

known as an educational and adm;i_nistrative centre . In 1941 , it had 

a population of 237 , 000 and there were some 135 factorie s .  Thirty 

years later, the population was over 1 . 1  million and there were close 

to 1 , 500 factories . Industrial development started quite early : the 

British Government established an ammunition factory in 1869 and in 

1885 the first private industry - a paper mill - was set up . Later 

came a copper and brassware factory (l888) , a textile mill (1893) 
and a glass blowing factory (1890 ) . By the early 1950 ' s  Poena had 

several large industries elong with conventional small industries 

making consumer articles such as 1beedies ' ( local cigarettes ) , brick s ,  

coarse cloth , brass and copper utensi l s ,  stationery , perfUme and soap . 

The development of an engineering industry gave a fillip to 

small-scale firms supplying components and semi-finisfled products as 

in the case of the two engine factories set up between 1946 and 1954. 
This growth was further accelerated by the proximity of Poona to the 

main Indian market in Bombay and by the State Government ' s  restric

tions on industrial expansion in Greater Bombay. The growth of indus

try in the Poena region from 1940 onwards can be seen from Table 1 .  

Table 1 

THE GROWTH OF INDUSTRY IN T:1E POONA REGION - 1940-1971 

Year Number of New Industries Cumulative Total 
established in the Poena 

Region 

Before 1940 I 1_�5 -
1940-1945 60 195 
1946-1950 128 323 
1951-1955 64 387 
1956-1960 18g 575 
1961-1965 391 966 
1966-1970 465 1 ,431 
1971-1972 42 1 ,473 

Total 1 , 473 1 , 473 

Data collected by Mahratta Chamber of Commerce and Industries 
and published in B . R .  Sabade , "Poena : The new industrial city" , 
Commerce ( Bombay) , 23 June 1973 . 
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These data show that atout 60 per cent of the existing firms 

were established in the 1960 ' s .  A further analysis indicates that 

about 41 per cent of them are engaged in engineering . Metal proces-· 
9ing , chemicals ,  textiles ,  printing, electrical and electronics 
instrumentation each account from between 9 to 10 per cent of the 
total number of firms ( l ) . 

Besides the 76,000 workers in these industries , there are another 

30 ,000 people working in the defence factories around Poena . Together 

with their dependents ,  about 425 ,000 people { 38 per cent of the 
population in Poena) are dependent on industry . If one takes into 
account transportation , banking and other industrial serJices , about 
half of Poena ' s  population can be said to depend upon industry and 
ancillary activitie s .  

Table 2 brings out the changes in Poena ' s  industrial structure 

between 1961 and 1970. Food and beverages ,  tobacco and textiles 
declined to 13 per cent of factory employment in 1970 , as against 
more than 27 per cent in 1961 . The machinery, chemicals and allied 

industries gained ground and accounted for nearly 50 per cent of 
factory employment in 1970 compared to 28.5  in 1961 . 

Table 2 

THE CHANGING INDUSTRIAL STRUCTURE OF POONA DISTRICT 

Food and beverages 
Tobecco 
Textiles 
Chemicals & chemical pruUucts 
Basic metal industries 
Machinery ( except electrical) 
Electrical machinery 
Other industries 

Percentage 
factory 

1961 

13 .6% 
3 .7 
9 .9 
5 . 3  
1 .7 

16.7 
4 . 8  

44 . 3  

share in total 
employment 

1970 

5 .8% 
1 .6 
5 .6 
6 . 2  
6 . 2  

30 .0 
8 . 5  

36.2 

100 % 100 % __________________ _J ____ � __ _J __ __ 
Source :  Commerce Research Bureau data, cited in K . V .  Desai , "MIDC ' s  

A�tivities in Primpri Industrial Area•� Commerce (Bombay ) ,  
23 June 1973 , pp . 9-11 . 

In 1960 the State Government developed a large industrial area 

near Poena , Many new areas have been added and the present total 

industrial area in this reg�on is about 3 , 500 hectare s .  To quote 
from a recent study : "Behind this industrial effort and supporting 
it in terms of research and training , stands the city ' s  complex of 

1 )  For further details , see the source of Table 1 .  
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institutions - its social overhead capital . Thus there are the 

College of Engineering , Government Polytechnic , the Sir Cusrow Wadia 
Institute of Electrical Technology , the Industrial Training Institute 

and an Institute of Paints Technology . The National Chemical Laboratory 

one of the 35 national laboratories - is also located in Poena . The 

State Government has put up its Industrial Research Laboratory and 

Small Industries Research Institute at Poona11 ( 1 ) . For small-scale 

industries there is an extension centre of the Small Industries 

Service Institute . The Central Mechanical Engineering Research Insti

tute has started functioning a few years ago in Poena. 

A number of professional organisations like the Poona Management 

Association , the Institution of Engineers , the National Institute of 

Labour Management and the Institution of Production Engineers have 

opened up chapters in Poena and they extend special assistance to 

industries in this region . 

Young graduates in physics , engineering , chemicals and electron

ics are starting up new industries in increasing numbers . Formerly 

these graduates would have sought employment in existing firms , but 

with the industrialisation in Poena , industry has acquired respect

ability and an ambitious young man today aspires to have an indepen
dent enterprise of his own . This upSl'rge of ambition in men wanting 

to be self-employed is �he motive force which has brought Poena to 

prominence as an industrial city . 

THE STORY OF BJ-1".-ADU: TECHNO-ENTREPRENEUPSHIP AT THE VILLAGE LEVEL 

The scene: a village of about Zifty huts near Mangaldai - a 

small to'l"l!l with a population of aU out 12 ,150 some 60 km. away frc.m 

Gauhati , the capital of Assam, in the North-Eastern region of India .  

\Ye landed in this village with the Entrepreneurial Development 

Officers on tfie morning of May 26th 1974 at 10 a .m .  The village is 

on a cart track which could be approached with difficulty -by a jeep . 

There is silence all around whilst a few farmers watch us from a 

distance. Das ,  the Entrepreneurial Development Officer , leads us to 

a farm the size of a hectare , where fresh transplantation had taken 

place only the previous evening . The paddy se�dlings were transplanted 

in regular rows and are standing in about 5 em of water . An old lady 

comes hurriedly and talks with Das in the local Assamese dialect . 

Das explains to us tt1at the lady and +.he villagers are frightened 

because of our presence , especially as we had come in a government 

jeep and are dressed in shirts and trousers . She was wondering if 

anything was wrong . The soft and intimate manner of Das convinced 

the lady that we meant no harm and that we had come to see how her 

son Badreshwar Barua ( 11Bha.du11 ) was progressing in his experiment 

with IR8, a new variety of paddy . 

1 )  Source : special issue of Commerce (Bombay ) , 23 June 1973 . 
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Bhadu, a young boy aged about 22 , was sleeping like a log in 
his hut . Was he drunk? No , he had been working the whole night in 
the light of a hurricane lanteru lifting water from the pond with 
the aid of a bamboo basket to water his freshly tran�.planted crop . 
The previous evening he had finished the transplantation, given the 
necessary dose of fertiliser and then saw to it that the crop would 
be adequately watered by working the whole night . Tired and exhausted 
he was now asleep . 

The neighbout·ing farmers by now had gathered arotmd us . They 
were closely watching this experimental introduction of a new hybrid 
variety of paddy in their village . They were men of experience who 
had worked all their lives with traditional seeds and had waited for 
monsoons for sowing their crops . They cultivated paddy by the broad
casting method , never went near chemical fertilisers , and scoffed at 
the idea of double cropping . Bhadu learnt from the Entrepreneurlal 
Development Officers of the new hybrid varieties . the fertiliser 
dosages and the possibility o£ double cropping . He had therefore 
sown his seeds on raised seedbed in April and �ad just finished 
transplanting the seedlings . The elders were sure that this lfl"hole 
business was a mad venture and that Bhadu would come to his senses 
after meeting with losses and failure . 

The Assam Government launched the Entreproneurial Development 
Programme under the guidance of S . I . E .T . ( Small Industries Training 
Institute) in Novemb�r 1973 . It placed inter-disciplinary teams in 
different parts of' the Sta·te , inviting people for self-employment 
schemes ,  screening the respondents on the basis of their risk-taking 
abilities ,  need for achievement , and Eense Of efficacy , together 
with their family background , past experience , knowledge , skill and 
aptitude to start up a new busines s .  Each team consists of four to 
five people from different disciplines (agriculture , animal husbandry , 
plant protection , horticultura , industrial extension, civil construc
tion, road building , etc . ) . After screening the respondents , those 
showing possibility of self-employment are given a three-week course 
on the social and psychological aspects of entrepreneurship , the 
econo�ics of self-employment and the management of new enterprises . 
After the course ,  the respondents are given practical field experience 
for the appropria"':e length of time in the lines they have chosen . 
Bhadu was one of the respondents who showed entrepreneurial charac
teristics . H� went through the three-week training programme and was 
given field experience in one of the demonstration farms in Assam . 

With all the agitation going around , Bhadu woke up . He changed 
over from loin cloth to trousers and bush shirt , and rubbing his eyes 
open , came to meet us . He told us that he had been working for forty
eight hours to ensure the success oi his transplantation as timely 
water was considered to be one of the important elements of success 
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for the crop . We asked him why he did not hire a pump . Small portable 

diesel pumps are hired o�t by the Agro-Service Centre for about one 
dollar an hour , but the farmer has to bring it from the city in his 

bullock cart and deliver it back to the Service Centre . About 2 hour ' s  

run of the pump would give enough water to the field. But that was 

2 dollar s ,  and Ghadu did not have any money left . He would therefore 

have to depend on his brawn and muscles till the monsoon would start 

in a few days . 

Bhadu matriculated in 19?2 , with great difficulty. He then spent 

two years looking for a job ranging from "peon in the offlce to prim

ary teacher in the village school" , but with no success . Early in 

1974 , he read an announcement about training for self-employment in 

the local daily newspaper. The advertisement published by the Senior 

Special Officer for Employment of the local Entrepreneurial Motivation 

Training Centre aroused his interest and he went to visit their office 

which was only six miles from his home village . After completing the 

motivation Training in February 1974 , he selected agriculture as his 

main field . His father however tried to dissuade him from going into 

what Bhadu calls ' business-like agriculture ' on the ground that these 

practices were very costly , too theoretical , and unsuitable for the 

region and that the government would harass him fo� the repayment of 

loans . The village elders were equally sceptical , but Bhadu was suf

ficiently strongly motivated to withstand these pressures against 

innovation and induced his father to give him 3 'bighas ' of land 

(approximat�ly one acre , or 0 .4 hectares) for this experiment . 

Das ,  whose background was in agriculture and plant protection , 

gave him an idea about the new varieties of paddy and about chemical 

fertilisers and convinced the local bank to give him a loan of one 

hundred c.-,llars . Ten per cent o:f this amount was given by the State 

Government as margin money to the bank , and the remaining 90 per cent 

came from the bank itself .  Against part of this money , the bankers 

and Das provided Bhadu with hybrid seeds and fertilisers . The balance 

cf the money was spent in getting the land ploughed, since Bhadu had 

neither bullocks nor plough of his own . 

Bhadu started cultivating summer paddy , which was unknown in the 

village . This innovation became a major topic for discussion in the 

community but Bhadu kept out of the discussions and transpJ anted his 

seedlings . The first challenge came when the rains failed to material

ise . The villagers .laughed when they saw the paddy going pale, but 

Bhadu solved the problem by spending two days and two nights watering 

hj s paddy with a ba�boo bucket . When we came along by jeep from 

Mangaldai on ·the morning of May 26 , the villagers anticipated some 

t.rouble . They thought that Bhadu had committed a big mistake and that 

his property would be auctioned to pay back the loan h� had taken . 

But when they realised that we had come to see his progress , their 
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attitudE> changed:  11If government officials are taking such an inter
est in Bhadu ! s  experiment , there must be something unique about it ; 
let us observe it closely" . 

In the following weeks ,  the rice continued to grow, and the 
villagers were happy when Bhadu counted twenty-five tillers per plant 
on the average.  Everything was going well until a new problem appeared . 
One day , Bhadu observed some insects in his field. The neighbouring 
farmers explained that these were 1 gundhi bugs ' (l j and that they would 
suck the milk from the grain . He contacted the agricultural extension 
officer who suggested dusting the crop with an insecticide . Bhadu 
bought the powder but could not get a duster . He treated the crop 
manually with a home-made muslin sieve , but was somewhat sceptical 
about the outcome . He therefore followed his father ' s  suggestion and 
used the traditirmal practice : he caught a number of fish, chopped 
off thei� heads and fixed the heads on sticks planted in the field. 
Villagers believe that the insects prefer fish-heads to sucking the 
milk from the grain . 

A few days later, Bhadu observed that several 1gundhi bugs ' were 
indeed sitting on the fish heads . He also set up a light trap for the 
insects on two consecutive night s . By that time , the grains had become 
hard enough not to be damaged by the insects , but the agricultural 
extension officer who visited the field in August could not stop 
Bhadu from going ahead with his light trapping programme . The crop 
was now out of danger, but Bhadu had developed the habit of constant 
caution . 

Bhadu expects that the rice crop will bring him 200 dollars . 
With that money he will repay the loan and use the rest for further 
improvements .  He has never been late on paying the interest on his 
loan and wants to go on with his work . His father has given him more 
land for cultivation , and he is now growing the local Tingri variety 
of paddy with fertilisers . He has also left part of his field without 
fertiliser for th� purpose of comparison. He has raised seedlings of 
1Manohar chatti ' ,  another improved variety of paddy and hopes to grow 
wheat at some later stage . One of his next plans is to raise a loan 
to buy a lift pump . 

The villagers are no longer as sceptical . The educated young 
are arguing with the elders that Bhadu 1 s  experiment i s  worth follow
ing by others and there are strong indications that if the yields are 
sufficiently high, the whole village will adop� the new technology . 
But if he fails , the effects will �e disastrous . It i s  therefore all 
the more necessary to ensure that this pioneering effort will succeed 
at all costs . Failing thi s ,  the village will continue with its old 

1 )  Or paddy ear-head bug , known in India as 1 gundhi bug' on acc0�nt 
of its offensive odour. The scientific name is 1 leptocorisa 1 •  

- 203 -



methods for the years to come . If a number of farmers take up a new 

tecr�ology , it i s  not so very important if a few or them rail . But 

if the first person to innovate does not succeed , the consequences 

can be disastrous . 

CONCLUSION 

The three young techno-entrepreneurs frnm Poena were well quali

fied as engineering graduates and deliberFt.te1y chnse to start a new 

company . They came to tbe conclusion that �hey should select a product 

with a high technology content which wa3 badly needed by the indus

trial sector , and f.'Jr which the demand could be assessed from the 

import statistics and the import subst itution possibilities.  Prakash 

deliberately selected the dynamo meter on these oonsiderations , and 

Vertak shifted from standard motors to special purpose motors pro

duced in small -quantities and which require a lot of labour and 

limited amounts of raw materials . 

Having identified the product , the entrepreneurs found out more 

atout manufacturing through books , literature , foreign manufacturers 

and a careful study of existing machines . The search for foreign 

manufacturers is a time consuming process which could be made more 

efficient if there was an Information Centre in India where all this 

information is readily available� 
The college professors played a leading part in g1V1ng advice , 

offering opportunities to work in their laboratories and allowing 

the opening-up of the machines in their workshops .  This however i s  

at the discretion of the individual ,  and policy decisions will have 

to be taken to ensure that techno-entrepreneurs are offered such 

facilities by colleges a�d laboratories on a regular basi s .  

The techno-entrepreneurs then located prospective users within 

the country , asked for suggestions about possible improvements ,  and 

:found out whether they would be interes-:ec. in local machines which 

met their speciZic requirements .  This market research could clearly 

be. handl�d more systematically by ·a specialised agency . 

Not content with the theoretical training in the colleges , they 

got down to work in the workshops to familiarise themselves with 

workshop practices , cost estimations and production planning . They 

also saw opportunities in odd specifications . Vartak for instance , 

found_ that 42-volt motors w�re manufactured by a foreign firm for a 

special purpose and used .this knowledge to identify buyers within 

the country for this odd voltage. They overcame the prototype diffi

culties with perseverance , kept in close touch With their clients 

and were on the lookout to widen their range of production. 

They went abroad with the specific purpose of seeing factories 
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making similar products ,  learning how to bring down costs and improv

ing the quality of their products �  They found out for them�elves that 

they were r ·)t in any way inferior to the well-knolYn foreign manufac

turers and used the opportunity to sell their products to their 

counterparts abroad. Vartak is now supplying torque motors to a well

known foreign maker and Salunke is shipping slil gauges to an �erican 

.firm. Equally Important , they realised the need for financial disci

pline and tight budgetary contro l .  

The ban on imports stimulated the adoption of tecP�ology by 

forcing industrial users to support indigenous development . However , 

the import of certain machines (for stripping them) and of some mass

produced accessories and components for final assembly would facili

tate the adoption of new technology . Visits to exhibiti�ns and fac

tories abroad clearly stimulate innovative ideas . In-plant training 

in high technology factories in industrialised countries could 

certainly accelerate the transfer of technology . 

Having succeeded in their original lin� , they did not sit on 

their laurels but became real entrepreneurs .  They jumped their 

specialisation and selected a line which they felt was prestigious 

or profitable . Prakash went in for special purpose steel because it 

was a challenge which, if he succeeds , will allow him to supply 

stainless steel strips to his ' guru ' .  Vartak went for nitrogen-fixing 

bacteria . Salunke dedicated himself to developing new techno-entre

preneurs , and has an active interest in the development of backward 

regions . He made the Forum of Industrial Technologists more meaning 

ful and acted as chairman of a public sector development project . 

Their suggestions for accelerating the process of adoption of tech

nology deserve careful consideration, for they oome from their hard 

earned experience .  

Bhadu ' s  case on the other hand i s  from the rural environment , 

where the level of technology is low, the environment unfavourable 

and the- extension agents far away . The introduction of a rudimentary 

new technology and its success poses a host of problems which are 

somewhat · different from those of techno-entrepreneurs in an industrial 

region , but jus·t as complex and challenging . 
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VII I .  THE REORGANISATIN' OF TPE LIGHT 
ENGINEERING INDUSTRY IN SRI LANKA 

by 
* 

D . L , ') .  �-�•mdi s  

Sri Lanka ' s  1972-1976 Five Year Plan has presented the general 
framework for the country ' s  economic development . This framework has 
be�n further elaborated in sector plans for agriculture and for 
industry . The Industrial Sector Plan stresses the need for a self
reliant approach to development . It reco�nises the �xistence bnth 
of a traditional sector and a modern sector.  In both these sectors , 
the development of an indigenous machine-building J.ndustry has for 
a long time been retarded by the unrestricted import of even ·t;he 
simplest types of equipment . Very high priority has now been given 
to thf! development of a dispersed small-scale light--engineering 
industry to act as an agent for spreading techrtolcgical skills in 
the rural areas . Implicit in this policy statement is the recognition 
of an existing traditional technology which i s  basically an indigenous 
low-cost technology . Although this recognition is itself without 
precedent , it wil.l not serve the objectives of rapid economic develop
ment unless the progressive improvement of this indigenous technology 
is also planned and vigorously pursued . 

In both the public and the private sector in Sri Lanka , there 
already is a considerable investment in modern technology 'frh::ch is 
comparatively highly productive and capital-intensive . The p:· ogres·� 
sive development of indigenous technology in the traditional- sector_ . 
has been plnnned so as to gain from linkages with the high technology 
in the modern sector. This contrasts with earlier policies when new 
industrial technologies were introduced with little regard_ -to existing 
low-cost technologies whose develo�ment as a result was retarded . 
Examples include the introduction of modern power�looms which com
peted with existing handlooms , the development of mass-produced 
aluminium household goods which almost destroyed the traditional 
potte� indus�ry , the setting-up of a State Hardware Corporation to 

* 
The author is Adviser (Technique s )  in the Ministry of Planning 
and Economic Affairs in Colombo , Sri Lanka , and Visiting Lecturer 
at the Faculty of Engineering, University of Sri Lanka.  
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manufacture various agricultural tools fuid implements and building 

materials which were already being made by indigenous industries or 

the production of soap by the local st•bsidiary of a multinational 

corporation which almost eliminated the small-scale soap makers . 

THE LOCAL LEVEL : DISPERSED PRODUCTION CO-OPERATIVES 

The chief vehicle for implement ing the new development policy 

based on low-cost technology anC the improvement of indigenous indus

trial capabilities was the Divisional Development Council (DDC ) . The 

Counci l ' s  projects are all in the form of co-operatives .  One particu

lar type is the Dispersed Production Co-operative . Thj.s is an organis

ation of individual entrepreneurs and workers in a given industry in 

a particular region or administrative division . This type of organis

ation offers a number of advantages :  

a )  The individual worker is not confined to fixed working hours , 

but may engage in productive work at any time of the day or 

night that suits him; 

b )  In some cases , he may be assisted by members of his family ; 

c )  The training of new workers (not only family members but 

outsiders as well) takes place on a person-to-person basis 

in a comparatively small work-place; 

d) The co-oper�tive which is owned by its individual members 

takes the place of the middlemen , so that there is no 

possibility of exploitation by such people ; 

e )  The individual worker, if he is the owner , has every incentive 

to develop his work-�lace and improve his technology and his 

productivi+y; and if he is an employee , he has the prospect 

o:r · setting up one day his ow1 work-place with the tectillical 

and financial assistance of the co-operative; 

f) Financial assistance for an owner to improve his work-place 

or for an employee to start his own business , is more readily 

available from the People ' s  Bank through the co-operative 

organisation than it would be for small independent individuals ;  

g )  Because o f  his membership in the co-operative ,  the individual 

producer can tide over market fluctuatione more ea3ily than if 

he were alone; 

h) Since th� co-operative arranges for the supply of inputs and 

takes care of the marketing problems , its members can devote 

most of �heir time to actual production . This means a maximum 

utilisai;i.-rl of the available labour and teclmology . 
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THE REGIONAL LEVEL : MEDIUM-SCALE INDUSTRIAL CO-OPERATIVES 

Dispersed production co-operatives of village blacksmiths were 
first set up on the basis of one for each Revenue Officer ' s  �ivision . 
By August 1974 more than 100 of these Light Engineering Industrial 
Co-operatives ,  as they are called , had been established in a �otal 
of 158 Revenue Officers Divisions all over the island . At the next 
higher level of technology , co-operatives were set up for the owners 
ru.d skilled workers of the small workshops which are very common in 
�rnvincial towns . These are called Medium-Scale Industrial Co-oper
atives , and it was proposed to hav-e vne such organisation for each 
of the 22 administrative districts in the island . Later it was decided 
to also have Medium-Scale Industrial Co-operatives in each of the 
Revenue Officers Divisions in the Colombo district . By August 1974, 
s0me seven of these Medium-Scale Industrial Co-operatives had been 
established . A Union of Light Engineering Industrial Co-operatives 
was also formed as the apex organisation for the light engineering 
industry . 

The Union , as the representative body of the organised light 
engineering industry in Sri Lanka , has broken into some new areas 
of activity , of which ship-breaking is the most noteworthy . The 
Union has also purchased a modern production factory which manufac
tures motor and tractor spare part s ,  weighing machines and other 
products .  

Through the organ1.sation of Light Engineering Industrial Co
operatives in the rural areas , the traditional low-cost technology 
of the village blacksmith has been made more productive , and the 
quality of production was improved . �he co-operatives organised the 
supply of raw materials including scrap iron and steel , charcoal and 
small hand tools such as files. They also undertook the sale of 
finished products through a commercial centre . Orders for Various 
tools and implements were obtained in advance from government organ
isations as well as from the plantation sector, an important consumer 
of such hardware in Sri Lanka.  

QUALITY CONTROL 

With the organisation of supplies and markets for the village 
smithy , the highest quality was demanded Quality control is ensured 
by a combination of traditional and modern methods . Traditionally, 
the village blacksmith made ami. sold implements to the .farmer on the 
basis of a person-to-person guarantee. Thi� has been formalised in 
the co-operatives by giving each member an identification number 
which is stamped on every product , which is then guaranteed for one 
month from the date of purchase.  If a defective item i s  brought back 
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by the purchaser, the co-operative replaces it and returns the defec

tive item to the manufacturer . If the defect appears to merit special 

attention� the problem is referred to an outside consultant . This 
consultancy service is provided by metallurgists in the University ' s  

Faculty o f  Engineering and the Sri Lanka Institute o f  Scientific and 
Industrial Research . 

THE PRICING MECHANISM 

Since the blacksmith obtains his ra'v materials from the co-oper
ative , he is liberated from the clutches of middlemen who had pre
viously supplied the inputs and purchased his products ,  and generally 
retained an unconscionable profit . The producer now enjoys a maximum 

profit . In order to give a fair deal to the consumer , a Price-Deter
mining Committee has been set up in each co-operative . Usually this 
committee consists of three blacksmiths representing the producers 
and three local farmers representing the consumers , with ru1 official 
of the Planning Ministry as the chairman . The committee examines the 
amount of raw materials and labour necessary for manufacturing the 

products on the basis of the blacksmith ' s  low-cost technology and 
arrives at the prime cost of production. A reasonable profit margin 
i s  allotted to the producer and a fUrther mark-up of between 10 and 
15 per cent is allotted to the co-operative to . determine the selling 
price to the consumer .  Profits accumulated in the co-operative will 

in future be used for the progressive development of technology . 

INVESTMENT AND EMPLOYMENT 

\'lith this type of organisation , pl·cdu�tivity has been consider

ably improved. Today a master blacksmith and two assistants can 
produce more than 2 ,000 rupees (about $250) worth of digging forks 

per month using the simple technOlogy of the village smithy which 
represents a total capital investment of some 5 ,000 rupees ( about 

$630) at today � s  prices . New employment has been generated in two 

different ways . Firstly the master blacksmith will take on more 
helpers to increase his production .· Secondly , skilled blacksmiths 

whO are w:::>rking as helpers will be able . to set up their. own work-:-

placeEi . The co--operative encourages this . .  type ·of · development ·with 

�ndividual loans from the People ' s  Bank . Some co�operatives have 
mOre than doubled their membership through this .process in the last 

three years . 
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THE ROLE OF THE TECHNICAL CENTRES 

Onee a co-operative has been established and has started to 

· f1mction , steps have to be taken to set up a technical centre . This 
centre will be equipped with tools wh: ch are not generally available 
in the small work-places of the co-operative ' s  memberd such as a 
power hammer and power saw for reducing large scrap into the smaller 

billets which are issued to members . It will also include a lathe , 

a drilling machine and both electric arc and gas-welding equipment . 
This equipment will be used for certain specialised operations like 
the production of some component parts for small agricultural imple
ment s .  An assembly unit will aLso be set up in the technical centre 

to make small agricultural machines .  

THE PROGRESSIVE DEVELOPMENT OF TECHNOLOGY 

The progr�ssive development of technology in individual work
places has been plar�ed through the technical centres . At the village 
level a blacksmith is usually equipped with a hearth and a pair of 

bellows , an anvil , a number of sledge hammers, a vice , several pairs 
of tongs which be usually makes himself , a 1�w files and sometimes 
a grinding wheel , and finally a manually-operated drill . With this 
equipment he can make a wide variety of tools and j_mplements .  In 
general he was dependent m:.. traders for the supply of raw materials 
such as scrap iron, steel and fuel (usually charcoal ) . The trader 

also sold him the tools of his trade that needed periodic replacement 

like the files and the grinding wheel s .  Likewise the blacksmith was 
dependent upon middlemen for the sale of his products . As a result , 
he invariably functioned at a low economic level and did not have 
the capacity to generate sufficient savings to develop his technolo�y. 

With the organisation of industrial co-operatives ,  the village 

blacksmith is now able to put aside a certain percentage of his earn

ings and invest it in the development of his technology. The progres
sive development of technology can be described as step-by-step 

improvement of the tools of his trade . This improvement will in the 
first stage allow him to use the physical energy available to him in 
a more productive way . Thereafter , it will enable him to add mechani
cal energy to his production process. He will be able to pay for 

mechanical power wit� his own savings and with credit facilities 
made available thr�ugh the co-operative . Next , using mechanical power , 
he will be able to manufacture products on a more systematic basis 
and in larger q1_!antities , and go into a production-line type of manu

facturing if regular orders for his pew products are forthcoming . 
In ."'_;'actice , when a blacksmith produces more and increa�es his 

·savings ,  he will probably have priorities other than the improvement 
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of his technology . Settling old debt s ,  improving the house , and 

purchasing movable property like furniture and jewellery generally 

take precedence over improvements in the work-place .  The first black

smith who takes _
steps to i .. mprove his technology is a pioneer whose 

example is watched closely by the others before they decide to fol:r.o"'· 

suit . The interest of the co-operative i s  therefore to ensure the 

succes s  of this and the consultancy service available through the 

technical centre must be used to maximum effect at this stage . 

The technology of the village smithy can be systematicaJ.ly 

improved in a number of ways : 

a) By introducing a more efficient hand-operated blower to 

repl.;.ce the bellows ; 

b )  By the better conservation of heat in the hearth and the 

use of wac ;e heat for tempering and perhaps for annealing , 

and by the use of a specially-designed oven plBced above 

the hearth; 

c )  By introducing a mechanical finishing hammer (manually 

operated in the initial stage) to achieve a better finish 

in a more economical way ; 

d )  By using grinding wheels to save on filing; 

e )  By introducing mechanical power which may be used initially 

for the mechanical finishing hammer ,  the blowe r ,  the grinding 

and finishing wheel s  and a dril l ;  power may be used later to 

operate a simple- lathe and a power hammer .  

It i s  preferable t o  introduce mechanical power when the black

smith already has a certain amount of equipment such as a mechanical 

finishing hammer, a blower , and a grinding and finishing wheel : at 

this stage , mechanisation i s  an economic proposition . Mechanical 

power can also be used for other tYPeS of equipment , for instance , 

for the �imple home-r.::ade hand-operated lathe which is introduced 

sooner or later in almost every smithy and which is used to turn out 

wooden handles for knives and other implements . 

It has been found that such a planned step-by-step development 

of technology is well within the bounds of reality , when the produc

tive capacity of the village craftsman has been l iberated by the 

organisation of co-o!Jeratives ,  when the middleman has l:leen eliminated 

and when regular markets have been made available . At e later stage 

it is �xpected that the village blacksmith will be able to purchase 

and use more sophisticated equipment , including welding plant and 

machine shop plant . He will then have qualified for membership in 

the Medium-Scale Industrial Co-cnerative at the district level . 

INNOVAT ION IN THE MEDIUM-SCALE INDUSTRIAL CO-OPERATIVES 

Medium-Scale Industrial Co-operatives were set up to harness 

the un-Utilised and under-utilised production capacJ.t ies in workshops 
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dispersed all over the island . These include small machine shops , 
repair garages and foundries . It has been possible to produce small 
machines such as two-wheeled tractors by farming out the manufacture 
of component parts to members of these orranisations . This particular 
project has been tried out in no less than seven co-operatives which 
have all successfully manufactured and tested prototype two-wheeled 
tractors (the engine , the chain and the main bearings of these 
machines are imported ) .  The project has been launched in the teeth 
of opposition from those who believe that the only way to make a two
wheeled tractor in Sri Lanka is to set up a joint-venture with a 
foreign firm . The success of the prcject ls therefore to be measured 
not mere:!.y in terms of the number of tractors manufactured in this 
way , but i'"l terms of the number of individual entreureneurs and 
skilled workers who have been given an oppcrtunity to use their 
talents to create a commercially viable product . This is a very 
impcrtant element in achieving a self-reliant at�itude to development . 

The firs·t priority has been given to the deYelopment of the two
wheeled tractor 7 but the need for local manufacture of water pumps 
has been repeatedly emphasised by the members of �2veral co-operatives .  
One such pump has been developed locally; i� is mounted on the frame 
of the two-wheeled tractor and driven by the same power unit . 

At the begin-1ing of this project the Ministry of Planning set 
up ad hoc committees of individuals who were known to be interested 
in it in order to launch the manufacture of this machine through the 
industrial co-operatives . This group of individuals brought in their 
varied expertise and gave the necessary initiative for developing the 
prototype.s .  This method has been quite successful . Prototypes have 
also been manufactured in public sector organisations under the 
direction of these ad hoc committees . It is expected that some of 
these public sector institutions will also undertake batch production 
of these machines in the future .  

Other machines which have been developed in small workshops as 
a result of the organisation of the industrial co-orJeratives include 
a bicycle and a water pump . Both are now in batch !Jrcduction . Several 
protctypes of single cylinder air-·cooled internal combustion engines 
have also been made but none of them have yet been taken up for batch 
production . 

The reorganisation of Sri Lanka ' s  light engineering industry by 
the Ministry of Planning and Economic Affairs under the Divi.sional 
Development Council ' s  programme has met with such success that the 
same approach is being used for other industrial sectors . Steps are 
being taken to organise v:�llage potters who have been unfortunately 
discriminated against : bureaucratic ignorance has promoted other 
industries that tend to suppress the traditional pottery industry . 
Sim:lar work in organising the traditional textile industry can be 

expected in the future . 

- 212 -



IX . MECHANISATION TECHNOLony FOR TROPIC4L AGRICULTURE 

by 
* 

Amir U .  Khan 

INTRODUCTION 

In tropical regions where farm income is low , farm holdings are 
small , and labour is cheap , many attempts have been made to m�chanise 
agri�ulture with equipment from the industrialised count::--ies . However , 
farm equipment from the advanced countrie s ,  having been developed for 
conditions of either large farm holdings and high labour cost s ,  such 
as in the United States,  or for small farm holdings and high farm 
incomes as in Japan , is not well suited to the agro-economic conditions 
that prevail in the developing countries . Consequently , mechanisation 
of tropical agriculture has been slow and limited mostly to the larger 
farm holdings which constitute a small part of the total arable land . 

It has been argued that a wide range of farm equipment is readily 
available from the industrialised countries and that the problems of 
mechanisation in tropical agriculture lie primarily in the proper 
selection of farm equipment , A closer analysi·s reveals that this 
assnmption is based only on the operational considerations and does 
not take into account the other aspects that have an important bear
ing on agricultural mechanisation . The economi c ,  social , and cuLtural 
needs of the farmer,  lack of foreign exchange to import equipment , 
local manufacturing capabilitie s ,  and the compatibilj ty of the mechan�
isation technology with the resource endowments of the country are 
important factors and must be �onsidered accordingly . 

Because not enough ap-proyriate farm equipment is available for 
individual ownership by small farmers � efforts have been made to 
introduce larger equipment through various forms of joint use . Such 
efforts have met with marginal success in only a few countrie s �  
mostly for equipment for tJ.1e difficult farming operations o f  land 
preparation and harvesting . Chancellor studied the contract hire 
services in Malaysia and Thailand and found the sales o� small two-

* 
Dr . Khan is head of the Agricultural Engineering Department of the 
International Rice Research Institute in Los Bafios , Philippine s .  
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wheel power tillers to individual farmers rauidly increasing in 

Malaysia , evan when large tra�tor hire services were economically 

available ( l ) . It seems the_t the desir� to retain control o f  the 

productton operations and the pres-tige o f  ownership are strong fac

tors that favour individual equipment ownership by farmers . The power 

tillers provide the farmers with greater flexibi lity , for these 

machines can also transport persons and haul good s .  

M.SC};AI,:ISATIO"� COF.STRAIT\JTS 

Two distinct agricultural mechanisa�lon technol ogies have evolved 

to suit di fferent sets of agricultural and socio-economic conditions . 

The Western approach emphasises dryland farming with large , high

powered equipment . This capital-intensive technology is primarily 

aimed at replacing agricultural labour with machine s .  Its introdllc

tion is not desirable in the populated tropical Asian region and has 

been seriously questioned by many social scient i st s .  Wumerous attempts 

during the last 30 years to introduce this technology in many Cevelo?

ing countries have had rather dismal resul t s . In I�dia , where large 

tractors o f  over 35 hp have been continuously marketed since the end 

of 1Norld War I I ,  only one per cent of the total arable land is worked 

w:i..th such tractors today . 

Jl1echanisatiun in Japan has not f0llowed the \'lest em approach . 

Rice , a major crop in that country , is gro�TI under wetland conditions 

0�1 small farm holdings . The high su-pport price for rice and the rising 

standard of living, coupled with rapid industrial growth and widesuread 

opportunities of part-time industrial employment in t:he rural areas , 

have resulted in the mecPanisation of Japan9se agriculture with small 

but quite sophisticated arr1 costly farm machin e s .  The equipmen ::; ,  

developed to meet the requirements o f  the relatively rich Japanese 

farmer ,  is far too complex and uneconomical for tropical Asia . 

Recently introduced Japanese combine harvesters and �addy trans

plC�.nters are excellent examples of functionally suite�. but economic

ally unacceptable machines f0r the tropical region s .  

Besides being complex, farm equipment i n  the industrialised 

countries i s  developed for manufacture with canital-intensive mass 

producti0n methods .  Productinn technology to manufacture such
, 

G.esigns 

is not readily availa'ule in the developing co•mtries .  Since the design 

of a product i s  closely related to the production uroces s ,  the scope 

for the production o f  imported farm machinery designs in the develop

ir.g conn tries is severely l imited . Unless �;propriate farm n:.achines 
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are made avai:able to suit the low-volume production technology in 

the less devel�'-ped countrie s ,  low-cost machines would be difficult 

to produce and mechanlsat.ion will continue to be a luxury only a few 

rich farmers caul� afford . 

With the introduction of new varietie s ,  problems of drying and 

processing have as sumed new proportions . Technology for drying and 

processing agricultural crops in large central plants i s  available 

from the indcstrialised countries . The establi shment of such plant s ,  

however , requires a well-developed infrastructure that often i s  lack

ing in the tropics . The shortage of economically viable drying and 

processing systems for farm- or village-level operations is a serious 

preble� in the developing countries . 

Rapid technological develupments in the industrialised countries 

are making it increasingly difficult to transfer mechanisation techno

logies to meet the needs of the farming communities in the developing 

countries . In the Westerr COill1tries , the trend is toward higher powered 

machines with more sophisticated and automated control systems . To 

some extent , mechanisation developments in Japan are following a 

similar trend . 

Generally most imported farm equipment in the developing coun

tries sell at two to four times its price in the country of origin . 

Furthermore , since this expensive equipment must compete with low-cost 

local labour , the economic yardsticks on which the farm machine i s  

originally based are n o  longer present . 

The high cost of imported farm equipment limits its market to 

a small number o f  relatively rich farmers and h:.:.nders the development 

of an effective sales and service network in the country . For example , 

before power tillers were locally produced in the Philippines in 1970, 

less than 1 ,000 units of power tillers were annually imported und 

these were distributed among six di fferent makes and over twelve 

different model s .  With such a limited market , manufacturers could 

not establish effective sales and service networks in remote parts 

of the countrJ . With the recent production of locally designed simple 

power tiliers, the market has multiplied several-fold and service and 

parts for such machines are becoming readily available all over the 

country . 

Most developing countries are undergoing varying degrees of 

balance-of-paTment problems . Large-scale importation of equipment to 

mechanise tropical agriculture is not possible because there is a 

lack of foreign exchange in most developing countries . 

MECHANISATION STRATEGY 

The author bel ieves that the slow pace of agricultural mechanis

ation in the tropical regions is largely caused by the non-availability 
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o f  appropriate mechanisation technologies to meet the overall require

ments of the small farmers in the tropi c s . If mechani sation is to 

succeed , suitable technologies will ha,�e to be dev:loped to suit the 

agricultural , industrial , and socio-economic conditions of the develop

ing col..Ultries . 

Small- and medium-sized farm holdings of up to 10 r.ectares con

stitute a large segment o f  the arable land in the tropi c s . Farmers 

with such holdings find it difficult to operate economically with 

animal-drawn tool s ,  but the larger tractors of over 30 hp are too 

large for their needs . Ironically , this large group of developing 

country farmers have hardly any access to appropriate farm equipment . 

To be successful , agricultural mechanisation must be introduced on 

the smaller farms irt the tropical regions and must be considered in 

this particular frame of reference . 

Almost all past nati -.nal and international efforts to mechanise 

tropical agriculture have been concerned primarily with the utili sa

tion of imported machine s �  Agricultural mechanisation and indigenous 

production of farm equipment are two facets of the same problem and 

must be looked into simultaneously . 'rhe establishment o f  a viable 

farm equipment manufacturing industry is a prerequisite to widespread 

agricultural mechanisation in a country . The availability of farm 

machinery d.;:signs that could be produced locally Vlill favourably 

a�Iect the development oi indigenous Iarm equipment manuiacturing 

industries in the developing countrie s .  

There i s  little doubt that the desire> o f  the developing countries 

to industrialise and the socio-economic implications o.f agricultural 

mechanisation will require the local production of farm equipment . 

To maximise ezr.ployment in the manuf2cturing sector, it would be desir

able to produce farm machines in the small-scale industrial sectors 

througL low-volume , labour-intensive production method s .  

Social scientists have understandably pointed out the dangers 

of displacing farm labour with agricultural machines . UnfortunateLy 

their analysis i s  generally based on the field labour di spla.ced 

directly through the introduction o f  large , high-powered agricultural 

machine s .  It i s  unrealistic to base such conclusions on a 

technology that i s  completely inappropriate for most developing coun

tries . Certainly the introduction o f  mammoth equipment , such as that 

used in the Western countries , will displace labour and would be 

highly undesi1·able in most developing countries . On the other hand , 

agricultural mechanisation through the ir.troduction of small , indi

vidually owned farm machines , such as i s  done in Japan , does not 

necessarily dis?lace labour but rather permits more intensive and 

timely operations , thereby improving land and labour product ivity . 

!t is interesting to note that among 11 Asian countries , Japan has 

the most mechanised agriculture ( 3  hp/ha ) and yet is amung the 
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co�1tries with the highest labour input ( 1 , 400 man-hr/ha ) in the 
production of rice in Asia ( see Table 1 ) .  An agricultural mechanis
ation strategy based on the indigenous production of small individu
ally-owned farm equipment will provide additional employment in the 
production , marketing, and servicing functi0ns. 

LOW-VOLUME MANUFACTURING 

One often hears the popular argument that farm machines cannot 
be economically manufactured in the ·::eveloping countries unless a 
substantial local demand develop s .  This erroneous conclusion is 
drawn because the product designs and the production processes avail
able from the developed countries are often not able to tap the full 
potential of low-cost labour that is at;ailable in the developing 
countries . Undoubtedly the economies of scale are importan� in the 
industrialised countries where labour costs are high . Economical 
pr�duction, however, can be organised in the developing countries 
with labour-intensive methods if the machines are appropriately 
designed for low-volume production . 

The many interesting examples vf low-volume production that are 
beginning to appear in some developing countries strongly substantiate 
this thesis .  The low-volume production of the jeepney , a locally 
adapted ve:-sion of the Jeep , by small metalworking firms is a good 
example in the Phil_ npines . rJiost of the jeepney components are manu
factured all over the cou_�try with manual methods using simple tools 
and jigs . The complete body grill and other sheetmetal parts are 
:nand made ; in quality they are comparable to , and at times better 
than , machine-stumped part s .  While the engines and the transmissions 
are imported , numerous other components and the chassis are produced 
by large metalworking shops in the Greater Manila area and supplied 
to small jeepney shops all over the country. Tl.e production of the 
jeepney has resulted in the development of_ a sizeable automotive 
component manufacturing industry in the Philippines which has sub
stantially helped in the local manufacture of other makes of auto
mobiles . The jeepney is among the lowest-priced automobiles and is 
the most popular mode of transport .tn the country. 

Another interesting example of appropriate product development 
is the motorised lowlift .pump . This pump was developed by a village 
farmer-mechanic in Vietnam in 1963. In less than four years , nearly 
43 per ce�t of the farmers in the village had purchased such a 
pump ( l ) . Different versions of this lowlift pump are now manufactured 
in low volumes in Vietnam, Thailand . and the Philippines .  

1 )  R .  L .  Sansom , "  The Motor Pu;np : A Case Study of I1movation and 
Development!', Oxford Economic Papers (New Series ) ,  Vol .21 , No .1 , 
1969 . 
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Table 1 

SOME AGRICULTURAL !1ECHANISATION INDICATORS FOH ll RICE-PRODUCING COUNTRIES IN ASIA 

Arable Agricul- Labour Net domestic 
land tural Horsepower per hectare Hp per hours agricultural 

Country holding working agricul- for rice production US$ 
(ha) po::mla- Mech tural cult iva- Per Per 

ti0n/ha Human Animal aYJ.ical Total worker tion/ha person hectare -
Sri Lanka 1 .59 1 . 20 0 .120 0 . 148 o .no 0 . 378 O .OC9 N . A .  293 352 
Taiwan 1 .11 1 .95 0 . 195 0 . 164 0 . 164 0 . 505 0 .074 1300 349 696 
India 2 .62 0 . 90 0 . 037 0 . .?0� o . oos 0. 249 0 . 009 1000 148 133 
Iran 6 . 17 0 . 37 0 . 090 0 .048 0 .154 0 . 292 0 .418 N . A .  417 I 154 
,Japan 1 .06 2 .16 0 . 216 0 . 120 2 . 664 3 .00 1 .231 1400 626 1350 
Korea 0 .90 1 .96 0 .196 0 . 236 0 . ()03 0 .435 0 . 0013 830 244 477 
Nepal I 1 . 22 2 . 49 0 .249 0 . 4'30 0 .()0'<· 0 .733 0 . 0016 N .A .  99 236 
Pakistan 2 . 37 1 . 09 0 .109 0 .288 0 . ()13 0 . 410 0 . 012 N .A .  154 169 
Philippines 3 . 66 0 . 71 o .on 0 . 104 0. ()23 0 . 198 0 . 030 800 242 186 
Thailand 3 . 64 1 . 10 0 .1�0 0 . 184 0 .054 0 . 348 0 . 050 N . A .  102 112 
Vietnam 1 . 57 2 . 10 0 . 210 0 . 244 0 . 023 0 . 477 0 .004 N .A .  203 421 

Source: APO Expert Group Heeting on Agricultural r1echanif;ation , APO Project SYP/III/67 , Tokyo , October 
196·9 , Vol .II . 



Another interesting example is the high-speed air-cooled engines 

in a rural area of the Chachiengsao Province in Thailand . The owner 

of the company that manufactures t�e engine is an innovative indivi

dual who incorporated into the engine design many ideas �rom popular 

makes of imported engines .  He also has developed simple production 

equipment to produce these engines with labour-intensive methods . 
In 1974 this company was producing 1 , 500 engines a month in the 10-. 

15- , and 20-hp sizes and was marketing them for use in motorboat s ,  

irrigation pump s ,  and power tillers . In addition to these examples, 
there are many interesting cases of l?w-volume production of diesel 
engines ,  water pumps , machine tool s ,  motor rickshaws and other 
machines in India , Pakistan , Taiwan , Thailand , and Sri Lanka . These 

examples tend to indicate that fairly complex machines can be econo
mically produced in the developing c0untries if the product and the 
production process are appropriately adapted to low-volume production . 

DEVELOPING NEW EQUIPMENT 

Produ�t development i s  essential in the transformation of engin
eering research into a commercially useable fo!'m . This field is 
almost exclusively catered to by industry in the advanced countries . 

The academic institutions usually conduct basic research and industry 
often uses the results in developing a wide variety o f  products that 
eventually generate industrial activity . Product development requires 

risk capital which the etruggling small-scale industry in the develop
ing countries cannot afford . 

Manufacturers in the industrialised countries have the resources 

to develop new farm equipment , but for many reason s ,  they do not find 
the development o£ farm equipment for the tropical countries very 
attractive . Understandably their strategy has been to develop new 

equipment for their domestic markets and to expand its sales later 

in the tropical regions . Funds for research are primarily available 
to the academic and research institutions in the developing countrie s ,  
which are mostly in the public sector .  Such institutions i n  the less 
developed countries have therefore the responsibility to cater to 

the product development needs of small-scale industry. 

IRRI ' S  MACHINERY DEVELO�TT PROGR�� 

In 1967 the Agricultural Engineering Department of the Inter

national Rice Research Institute (IRRI) initiated a prograw�e on the 
development of low-cost farm machines for use and manufacture in the 

tropical rice-producing countrie s .  Under this progr�wme , engineering 
drawings and other· technice.l assistance a·re provided withvut cost to 

manufacturers who are willing to produce such machines . 
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Six IRRI machines - the 5 to 7 hp tiller , axial flo\1-r thresher , 
rotary power weeder , batch dryer with rice hull furnace, seeder for 
pregerminated paddy , and extendible blade-lug wheels - have generated 
much interest and are now :ceg-. -larly being produced commercially . 

a ) 5 to 7 hp tiller 

This tiller was developed to compete with the simplest of the 
imported power tillers . It was designed to make maximum use of loc
ally popular standard machine components ,  such as engines ,  roller 
chains,  sprockets ,  bearings and seal s .  It simplified the manufac
turer procurement problems and minimised parts problems for the end
users . The other components of the tiller were fairly simple and 
could be produced by small metalworking firms in most developing 
countries . Care was taken to limit the production operations to 
simple cutting , bending , welding , and machining operations . A range 
of attachments has been developed for transporting, irrigating , and 
cultivating upland and lowland crop s .  The tiller, now produced in 
six Asian countries , sells for approximately half the price of com
parable imported power tillers . As of December 31 , 1974, over 7 , 000 
IRRI power tillers have been commercially produced in the Philipp�nes . 

The success of the 5 to 7 hp tiller and the continuing need for 
a larger power tiller has led to the development Of another IRRI 
power tiller with a 10 to 12 hp diesel engine , multispeed trans
mission , and steering clutches .  This larger tiller was recently 
released to six companies in the Philippines and these manufacturers 
are now fabricating their units .  

b ) Axial flow thresher 

Experience with two earlier hold-on type threshers - the drum
type and the table-type threshers - indicated that farmers were 
interested in a high-capacity throw-in machine for threshing wet cmd 

dry paddy and other crop s .  This led to the development of the axial 
flow thresher which ha� rapidly gained popuiarity and is now being 
produced in eight countrie s .  The threshing material moves in an axial 
direction in the thr�shing drum and this prolongs the �hreshing action . 
Preliminary separation of the grain and straw occurs in a full-circle 
concave that extends to the full length of the threshing drum . This 
thresher has an output of about one ton per hour 1d th a three-man 
threshing crew . It can thresh rice , sorghum and soybeans . With some 
modificationS it can thresh wheat . 

c ) Power weeder 

Since paddy fields in the developing countries are small and 
have no headlands at the end of the rows , turning of a ground-supported 
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machine is difficul t .  The IRRI power weeder is a portable lightweight 
(22 kg) , three-row machine that can be lifted off the ground at the 

end of the paddy rows . One Japanese company that started producing 

this machine in 1971 has found an excellent market for it in areas 

where the soil is so soft that the fields cannot normally be worked 
with power tillers . The company has developed 14 attachments f�r 
this machine for a variety of use s .  

d) Tractor lu,q: wheel 

Cage wheels with fixed lugs have been popularly used v1ith large 

tractors in wetland conditions to improve traction . Since the lugs 
are welded at a fixed radius , the wheels cannot be adjusted to suit 
the varying soil and field conditions that are generally encountered 
in the tropics . The IRRI extendible lug wheel has 14-inch wide metal 

blades mounted on a wheel frame that can be radially extended to 
obtain better tractian and improved �<1bility in difficult field con
ditions . When a tractor bogs down in sof3 fields , one or two lugs 
can be fully extended to extricate the tractor from the bogged con
dition under its own power . The bogging down of a tractor is a serious 

problem for tractor contract operators since it requires winches or 
other tractors that are di�£icult to obtain in the countryside . The 
IRRI extendible lug wheel has become so popular in the Philippines 
that almost all makes o� large farm tractors sold in the Philippines 
for paddy cultivation are equipped with such wheels .  

e ) Batch drye:."' 

Drying of paddy during the wet season is a serious problem in 
developing countri e s .  Simple batch-type dryers are popular in Japan 

for farm-level drying ; however, such dryers are expensive to import 
and difficult to fabricate in the less developed countries . The IRRI 
batch dryer was designed with features similar to those of the 

Japanese dryer but it COOl be easily fabricated by most small metal
working snaps in the developing countries . A s j <nple pot-type oil 
burner with an automatic �uel cut-off valve permits safe operation. 
Th� machine can dry one ton of paddy in 5 to 6 hours . The standard 

drying bin i s  made of sheetmetal; how�ver, plans are available for 
wooden bins to reduce cost s .  Three companies are now manufactur·ing 

the IRRI batch dryer in the Philippines ; it i s  also produced in 
TaiwaL . 

Because of increasing CO$tS of burner £uel , an alternate rice 

hull furnace ,,.as developed for use wit-h this dryer . The furnace con
sists of an inclined grate burner ,  a hopper for rice hull , and an 

ash trap . Hulls can be fed ei�her manually or automatically by con
necting the feed mechanism to an eccentric drive pulley driven from 
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the blower .fan. This furnace is produced by the three dryer manufac

turers and is finding an increasine market in the Philippines. 

The IRRI machinery development rroeramme has demonstrated that 

public research institutions can play a significant nc.:c·t in develop

ing local industry by channelling research eff0rts to solve suecific 

research and development bottlenecks that smal.l-scale industries are 

facing in the developing countries. 

INDUSTRIAL EXTENSION 

During its early years, the IRRI machinery Cevelonment nrogramme 

encoum:ered considerable difficulty in encouraginr,- Manufacturers to 

produce the IRRI agricultural machines. Advertisements offerin� free 

agricultural machinery <lesigns were placed in the leadinf; Philinpine 

papers with little success. Subsequent]. y orders were placed with some 

selected manufacturers for the supply of a few IRRI-designed machines. 

This prodded some companies to produce these machines and hel�ed in 

developing their interest. As the manufacturers gained some confidence 

in the IRRI machinery programm�, commercialisa�ion of the machines 

became rel3.t:..-v-ely easier. After one of the IRHI machines achieved 

some commercial successj manufacturer interest increased rauidly and 

many companies now actively seek machinery designs from IRRI. 

Tile commercialisation of the designs that originate from most 

industrial research institutions h8s been a chronic problem in the 

developing countries. Rxperience indicate� �hat distribution 0f 

engineering drawings and tecr�ical information to manufacturers is 

in itself not sufficient for successful commercialisation. Most 8mall

and medium-sized metalworking firms in the develouing countries 8re 

not used to working with engineering drawings and prefer d'.lPlicating 

actual sample machines. These firms have very li�ited capital to 

undertake any risks on new unproven machines and they prefer to 

produce machines for which there is an assured order. 

To encourage the intror:luction of IRRI machines among small manu·· 

facturers, a design-release procedure was adopted under which engin

eering drawings and prototype machines were loaned to the interested 

manufacturers. These manufacturers were requested to submit their 

quotations for supplying a few machines to IRRI along with their long

range manufacturing and marketing plans. Orders were then placed 1-1i th 

some selected firms for the supuly of a few, usually one to six, 

machines to the Institute. This approach provided the manufacturers 

with some additional business and permitted them to evaluate their 

production capabilities for producing IRRI machines without taking 

any risks. 

Such a strategy was possible since most IRRI machines were so 

designed that no special tools, materials and processes were required 
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in their manufacture. An added advantage of this strategy was that 

the design weakn�sses and production problems were pinpointed and 

rectified early during t�e limited production phase. The manufacturers 

were encouraged to modify the IRRI designs as they saw fit either to 

suit their production facilities or to improve the machine's perfor

mance. Almost every IRRI machine underwent some degree of modification 

at this stage. 

Each manufacturer submitted its first machine to IRRI to be 

evaluated and checked against drawings. The manufacturers were in

formed of the test results and given the appropriate recommendations 

for improvements wherever necessary. If the first machine performed 

satisfactorily� the manufacturer received approval to proceed with 

the production of the other machines ordered by IRRI. The manufac

ture�s were encouraged to test-market some of the machines being 

fabricated for IRRI and any inquiries received by IRRI were channelled 

to them. Even before they could complet'1 the IRRI order, the lllanufac

turers were often able to sell i few of the more promising IRRI mach

ines. Such sales provided the m�·nufacturer with a strong 1.ncentive 

to enter regular production. 

To facilitate marketing in the early production stage, IRRI 

provided leaflets, instruction manuals, sales literature and test 

reports to the manufacturers. Attractive decal labels, indicating 

that the machine was based on an original design from IRRI, were 

provided for attachment to the commercially produced machines, and 

these h�lped in the introductory sales. The machines received from 

the manufacturers were extensively field-tested in various part of 

the Philipp�nes and in other countries through co-operating subcon

tracting organisations. Manufacturers were informed of any design or 

production defects during this stage. 

Once satisfactory field performance was obtained, the manufac

turers were given the go-signal to produce the machines regularly. 

This design-rele�se procedure was quite successful and is now the 

standard method for releasing all IRRI designs. 

Because of the limited resources available to the programme, it 

was difficult to organise a major industrial extension effort for 

commercialising the IRRI ma<:"'':1ines in countries other than the Philip

pines. Co-operative arrangements were made, through subcortract�, in 

nine Asian �ountries, with organisations that indicated an interest 

in extending the IRRI machines. These organisations were provided 

with those machines which had gained some commercial success in the 

Philippines and a modest amotmt of funding for hiring some technical 

staff. Engineers working with the IRRI co-operator �ere brought to 

the Philippines for short-term training in the use and production of 

IRRI machines. 
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Some useful experience has been gained in extending the IRRI 

machines to manufacturers in other countries through the co-operator 

approach. It shows that the agricultural and industrial research 

organisations in the public sector are interested in testing and 

evaluating machines but are not as effectiv� in working with local 

manufacturers. These organisations seem faced with prnblems somewhat 

similar to those of the academic institutions. Lack of interaction 

with local industry and insufficien� motivation to commercialise 

-machines arc· common diffic•tlties. On the other hand, manufacturing 

firms are p�imarily interested in the specific machines which suit 

their own production plans and are reluctant to devote efforts to 

encourage local manufacture of all the IRRI machines. A good example 

is that of a manufacturer in India who spent all his efforts unsuc

cessfully in installing his own make of diesel engine on the IRRI 

po"'er tiller rather than in extending the complete range of IRRI 

machines to other mam.lfacturers. In all cases the subcontractors 1 
eLgineers, who obtained training at IRRI, were the key persons in 

the programmE' and success or failure was highly related to their 

motivations. 

Mk�FACTURING DEVELOPMENTS 

Progress in the Philippines has been quite encouraging. A size

able industry for the mancfacture of small farm equipment has been 

established to produce IRRI machines . Eighteen companies are now 

manufacturing IRRI machines in the Philippines. The production of 

some IRRI machines has also started in 10 other countries . In the 

relatively short period of 4 years since the release of the first 

design, over 20,000 IRRI-developed agricultural machines have been 

cor:.unercially produced in Asia. Table 2 indicates the number of IRRI 

machines that were produced in Asia as of June 30, 1974. 
Nearly half of the manufacturers of IRRI machines had hOt pre

viou�ly produced or marketed any agricultural machines. The rest had 

been either importing farm machines or manufacturing rice-processing 

or construction equipment. 

In the Philippines, a sizeable ancillary industry has developed 

to supply co�ponents to the larger firms. The power tiller cage 

wheels, plows, harrows and trai-lers are produced by small metalwork

ing shops and more production specialisation is beginning to occur. 

IRRI is als� experimenting with a decentralised rroduction approach 

by licensing one company to produce the power tiller transmission 

only. The strategy is to provide a low-cost power transmission 
assembly which is difficult for small metalworking shops. The small. 

firms would produce the remaining components and market the tiller 
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Table 2 

IRRI AGRICULTURAL MACHINERY DEVELOPMENT PROJECT , 30 JUNE, 1974 

Asian manufact·..Jrers reporting 

l 2 3 4 5 6 7 8 9 10 Total 

1. No.of machines manu-
factured till June 
30 , 1974: 
Power tiller 3 , 900 ll 1 , 234 7 457 - - - - - 5 ,609 
Batch dryer - - - 3 5  - - 4 - 74 - 113 
Axial flow thresher 20 - 2 8 20 60 9 9 - - lOS 
Table thresher - - - - 84 - - - - - 84 
Grain cJ.eaner - - - 20 - - - - - - 20 
Bellows pump - - - 100 - - - - - - 100 
Multihopper seeder - - - 232 - - - - - - 232 
Single-hopper seeder - - - 338 - - - - - - 338 
Power weeder - - - - - - - - - 7 , 500 7 , 500 

2. Production capacity 
utilisation: 
Current 85 NR 50 95 75 70 100 NR 95 NR 
Before start of 

IRRI machines 70 NR 20 90 45 50 75 NR 90 N8. 
Percent change 15 NR 30 5 30 20 25 NR 5 !IR 

3 .  No. of new workers 

I 
employed 339 4 90 65 42 18 12 5 45 NR 680 

4 .  Additional capital 
investment (US$) 76 , 000 NR 120 ,000 10,000 8 ,300 1 ,400 12 ,000 1 , 500 3 , 800 NR 233 ,000 

5. Additional capital 
investment )er 
worker (US$ 199 NR 1 ,330 154 197 78 1,000 300 84 NR 330 

NR = Not reported by manufacturer. 
US$1 � 6 . 60 pesos. 

These manufacturers have received engineering drawings and technical assistance from the IRRI project. 
However, additional manufacturers are now producing IRRI or similar machines by indirectly acquiring the 
designs for wl.lich no data have been collected. 

Prototype units of some IRRI machines have been fabricated by manufacturers in Indonesia, Korea, Pckistan, 
Sri Lanka, Thailand, and Vietnam. Commercial production has started in some of these countries. A total of 
ll Asian engineers have received short-term training under this programme. 



in nearby markets. It is felt that a decentralised production can 

considerably reduce the price of the power tiller. 

In the Philippines, three larger companies, the Marsteel Corpor

ation, the IGRI Industrial Sales Corporation and the Durasteel Indus

tries Corporation, have developed tools, dies, .iigs and fixtures 

to produce the power tiller and the axial flow thresher in larger 

quantities. These companies have modified the machinery designs to 

suit large-volume production. The original fabricated power tiller 

transmission casing, which was formed manually, has been replaced 

by a s�amped �asing to permit mass production . The first two compan

ies b:1ve replaced the primary chain transmission with spur gears 

anc a:::e developing steering clutches for their machines. These changes 

will no doubt result :i.n improved machines although it is not clear 

how these developments will affect �he smaller firms which may no� 

be able to incorporate such change s .  

Three companies, Oberly & Company, Kaunlaran Industrial Shop 

and C&B Crafts, have made many improvements on the axial flow thresher. 

These improve��nts include the installation of oscillating screens 

for improved grain cleaning and the recycling arrangement for semi

threshed material. 

Manufacture of IRRI machines outside the Philipp1nes has started 

with the production of either the 5 to 7 hp tiller or the axial flow 

thresher. These machines are now being manufactured in 10 countries 

in Asia. A company in Ghana and another in Ecuador are also manufac

turjng the axial flow thresher and the grain cleaner . 

In India one firm is manufacturing the axial flow thresher and 

the machine is being marketed for 5 , 500 rupees (US$ 733) without the 

engine. This company has recently modified the axial flow thresher 

for wheat threshing. In many countries tenderised wheat straw is used 

as cattle feed and the modified axial flow thresher does a good job 

of tenderising t!1e straw. The use of this machine for wheat opens a 

large market for it in almost all developing c0untries. 

In Indonesia, a compc.:ny has fabricated the axial flow thresher 

and is currently modifying it to handle the panicle-harvested rice 

�varieties which are quite difficult to thresh manually. Another com

pany is now fabricating a prototype power tiller. A large fertiliser 

manufacturer in Indonesia is now setting up the production of IRRI 

machines in t�at country. Five engineers from this company who 

recently completed a short-term training in the production of .our 

machines at IRRI have r3turned to start the production programiJe. 

In Japan the power weeder has found a ready market. The Ohtake 

Company has been successfully producing this machine since 1970 and 

as of December 31, 1974, has produced 14,550 minicultivators. It 

developed 14 attachments for weeding and cultivation in soft paddy 
fields. Recent]_y two other Japanese companies started producing 

similar ·.v-eeders in Japan. 
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In Pakistan the axial flow thresher is being produced by Mess:�s. 

Habib Industries, Karachi, and is sold in the paddy areas in the 

state of Sind. The company is now adapting the machine for wheat 

threshing with the assistance of IRRI. 

In Vietnam three manufacturers, the Vietnam Agricultural Mach

inery Company, the Than Nong Cong Ty, and the Binh-Duc Cong Ty, are 

producing the power tiller and the axial flow thresher. The manufac

turers' response on the IRRI machines has been very encouraging in 

Vietnam and the information received just before the end of the war 

indicates that many new companies had started the production of IRRI 

machines. 

In Sri Lanka a machine shop co-operative, the Nugegoda Medium

Scale Engineering Co-operative Society, which has 22 members, recently 

started producing the power tiller. Each machine shop produces some 

parts of the tiller and the machine is assembled and marketed by the 

co-operative. The Sri Lanka Government · �cently organised over 1,000 
light industrial co-operatives and if this initial experiment succeeds, 

more co-operatives will soon be producing IRRI machines in the country. 

In Taiwan, one firm is producing the batch-type dryer and is 

marketing it as the 1 IRRI/TARI Dryer'. The Taiwan Agricultural 

Research Institute (TAR!) is our subcontractor and has been responsi

ble for introducing this machine in Taiwan. 

In Thailand, two manufacturers, J-Chaorenchai in Ayudhaya, and 

the Anusarn Company in Chiengmai, are producing the IRRI tiller. 

Three manufacturers have started to produce the axial flow thresher 

and other manufacturers in Thailand are highly interested in it. 

PROGP� IMPLICATIONS 

Tile increased production of the IRRI machines has resulted in 

considerable new industrial employment in the countries where such 

machines are being produced. As of December 31, 1974, seven manu

facturers in the Philippines dad directly hired more than 700 addi

tional worker;;· in the manufa_cturing operation at an additional invest

ment of US$ 200 per job. Many additional jobs in material procure

ment, management, marketing, and servicing operations have been 

created. Many of the rRRI machines are being used in coatract oper

ations and their overall impact on employment is difficult to 

estimate. 

In the early stages, most IRRI machinery manufacturers were 

located in the Greater Manila area, but as the IRRI machines became 

popular, many firms in the smaller towns started production, thereby 

creating employment in the provincial areas. IRRI is now encouraging 

production in smaller towns by limiting the release of the machinery 

design to only a few manufacturers in the Metropolitan Manila area. 
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Some of the public policies in the Philippines were changed as 

a result of the local production of IRRI machines . The tariff on 
small air-cooled engines was reduced and a higher tariff was levied 
on imported power tillers to encou��age local manufacturers . Many 
IRRI machines were approved for International Ba�k for Reconstruction 
and Development loan f'inancing and local banks now provide loans to 

farmers for the purchase of such machines. Interestingly IRRI did 
not make any representation to the Philippine Government for these 

cha�ges in policies . These changes occurred after some IRRI machines 
gained popularity in the local market and the government realised 

the need for encouraging local farm machinery industry. 
·while-· the machinery development programme was initially directed 

toward meeting the need of the intermediate-size farm holdings of 
approximately 2 to 10 hectares , it is becoming clear that the IRRI 
machines are being used for contract operations and are benefiting 
even the farmers whose holdings are less than 2 ha . The power tiller 
and the axial flow thresher are being widely used by farmer-owners 
for contract operations to provide services to neighbou�ing farms 

or by tillage or threshing service contractors. The c0ntract oper
ators are providing a much-needed service to small farmers who nor

mally cannot afford to purchase the machines . This makes modern 
mechanisation technology available to farmers who would normally 
have continued to use traditional methods . 

The farm machinery marketing structure in the Philippines is 
undergoing some rapid changes. Most large companies have their own 

sales organisations with dealership networks in the major rice

producing areas of the country. In the case of the small manufac
turers, 0ften the proprietor initially handles the sales function 
and markets the machines directly to farmers in selected areas . As 
sales increase , these small manufacturers start to sell thrr.ugh 
independent farm equipment dealers or deve1CJp their own sales organ

isations. Because of increased farm machinery sales, many indepen

dent farm equipment dealerships are no't! being set up in most small 
towns and a national network of independent machinery dealers is 

slowly evolving. 

The project has been instrumental in stabilising the prices of 
some of the imported power tillers in the Philippines. One well

known 4 .5-hp imported power tiller , now sold at a rather Fl.ttracti.ve 
price in the Philippines , competes very well with the 8-hp IRRI 
power tiller . Such competition with imported machines is healthy 
because it provides local manufacturers an incentive for improving 

the machine� they produce . 
The local production of agricultural machines has resulted in 

considerable savings in foreign exchange . In most IRRI machines , 

the engine , bearings , and chains are imported components. These 
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components are often less than 20 per cent of the total cost of the 

machine. 

Some Philippine manufacturers of IRRI machines have started to 

export their products to Malaysia and Indonesia and are looking for

ward to increased export markets. 

CONCLUSION 

The experience gained from the IRRI machiner�.r development pro

gramme has many important implications for the technology transfer 

and industrial developmen.-c process in the developing countries. The 

programme has demonstrated that it is possible to develop an indigen

ous industry in the less developed countries through carefully tail

ored research and development programmes in public institutions. Low

cost, demand-oriented products that could be economically manufac

tured with existing simple production processes should be developed. 

These are critically needed by the small-scale industry sector. The 

programme was sharply focused on the specific research and develop

ment needs of the small metalworking firms and it assisted such manu

facturers directly without going through the normal industrial assis

tance institutions in the public sector. 

The programme's strategy was to focus attention on the ostablish

ment of an indigenous farm equipment industry rather than on conduc

ting a wide variety of research on agricultural mechanisation. The 

programme was highly market-oriented and in executing it, IRRI gave 

the needs of the farmers and those of the manufacturers appropriate 

consideration. The programme's leadership guarded against the tendency 

to conduct resear�h for knowledge and continually maintained the focus 

on hardware development. 

The programme emphasises the importance of pre-project evaluatio'n 

and market studies . In the product development process, factors that 

bear heavily on the acceptance of new technology, such as the end

users' needs, production capabilities, and the economic and industrial 

structure of the society, were fully kept in mind. 

In the selection of technology, many social scientists emphas�se 

the socio-economic objectives but quite often disregard the most 

important factor of market acceptability. It would be unrealistic tn 

introduce a tecP�ology, no matter how effectively it may meet the 

social objective, if it cannot become commercially viable in a society. 

The popular socio-economic criteria of �illployment generation, 

resource utilisation, and income and wealth di.:tribution are important, 

but secondary to the market factors. The significant role that the 

marltet signals play in the assessment, development and transfer of 

a commercially viable technology has been well demonstrated by this 
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programme. Whatever the social and economic benefits were, the natural 

outcome was the introduction of a commercially viable technology. 

The programme has demonstrated that agricultural mechanisation 

based on the Japanese pattern in which small farm machines are indivi

dually owned can be successful in the developing countries if appro

priate machines can be made available to the farmers at reasonable 

prices. The indigenous production of farm machines can be instrumen

tal in lowering the cost of mechanisation in the developing countries 

if existing low-volume production technology is used in the manufac

ture of such machines. Apparently there is considerable entrepreneur

ial potential in the developing countries but critical technical 

assistance is needed to develop it. 

While metalworking shops did not develop new machines, when 

:faced with competition they were able to substantially improve the 

designs origlnating from IRRI. As soon as a machine demonstrated 

some ccmmercial potential, some manufacturers demonstrated the �apa

bility of developing fairly sophisticated machines comparable to 

imported ones. Providing local firms with simple machinery designs 

seemed to overcome a psychologic�l_ barrier that had previously kept 

them from manufacturing some of the impcrted designs. The selective 

approach to i.ndustrial assistance offers considerable potential when 

applied to many other industrial sectors in the developing countries. 
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X. INTERMEDIATE TECHNOLOGY AND REGIONAL DEVELOPMENT IN THE PHILIPPINES 

by 
* 

Rufino s. Ignacio 

THE UNIVERSITY AS A POCUS FOR REGIONAL DEVELOPMENT 

Mindanao State University (M.S.U.) is located about 500 �ilea 

from the capital city of Manila, in the midst of a culturally dis

tinct and socially deprived area of the Southern Philippines. It is 

committed to the integration through education of th� cultural com

wunities of Mindanao, particularly the Muslims, into the national 

body politic. It is also committed to providing the necessary profes

sional manpower for the development of the island. 

The growth of M.s.u. has been phenomenal. It started in 1962 
with 828 students and a budget of 700,000 pesos ($1.3 million), in 

1975 it had some 7,000 collegiate students and 8,000 high school 

enrollees and its budget totalled 60 million pesos ($10 million). 

The main campus is located in scenic Marawi City, in the province 

of Lanao del Sur; external unite were gradually established in Lanao 

del Norte, Cotabato, Sulu, Tawi-tawi, Mieamie Oriental, and Davao. 

These external unite have programmes geared specifically to the edu

cational and cultural needs of the area they serve: the !ligan Insti

tute of Technology for instance offers various 3-year technical 

p�ogrammes for the burgeoning industrial complex of Northern Mindanao, 

and the Sulu College of Technology and Oceanography in the province 

of Tawi�tawi gives courses in deep-sea fisheries and oceanography. 
A string of community high schools exist at strategic locations to 

better equip young Muslims for entry into college. The standard of 

scholarship is generally high since the students, Christians and 

Muslims alike, are well selected from the different high schools in 
th� regicn. V�rious remedial and special programmes have been devised 

to assist the less gifted students. 

Young as it is, Mindanao State University has proven its worth 

as a school of good standing and in some programmes like engineering 

* 
The author is Vice-President for Academic Affairs of Mindanao 
State University in Marawi City, Pbilippines. 
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and educatlon, could compare well with the best universities in the 

country, on the basis of criteria such as the quality of faculty and 

students, faculty pay and incentives, research facilities and scholar

ship, performance of alumni, and the flexibility and relevance of its 

programmes. 

The university is developing very well as an instrument, or 

ve�ue, for the direct development of the region. Its informal pro

grammes, alongside and in co-ordination with the core academic pro

grammes, are designed to meet the immediate needH and demands of the 

region. M.S.U. has informal programmes on tourismt adult education, 

execu�ive development, public leadership, science training for ele

mentary and high school teachers, manpower training in engineering, 

agriculture, forestry and fisheries, and others. An integrated pro

gramme for the development of small and medium industries was estab

lished in 1974 under the name of Regional Adaptive Technology Centre 

(RATC). 

THE ORGANISATION AND PROJECTS OF THE RATC 

The RATC is a_university-based organisation wbich is directly 

concerned with the enhanceme�t and growth of small and medium-scale 

industries in the region. The Centre's programmes focus o·n appropriate 

technology1 ent�epreneurship, and the formulation of public policies 

for industrialisation. These thematic thrusts have resulted from a 

long aJS.sociation and close j,nteraction with the Tech.."lolog<.r and 

Development Institute (TDI) of the East-West Centre in fia_wa_ii • __ �(}1_e_ 

activities of the Centre include training, consultation, research 

and development, surveys, and the establishment of pilot and train-

ing plants to demonstrate the viability of a new industry. Organis

ationally, the RATC is divided into a software and a hardware division. 

The software division works on the literature used in the various 

training programmes, conducts surveys and helps Zormulate the neces

sary delivery and functional linkages with the community and the 

local agencies. Tl�e hardware division undertakes research and dev�?lop

ment on technology and conducts the various training programmes for 

specific industries. 

One of the RATC's projects on the University campus is a cera

mics centre which serves both as a training centre and as a demon

stration plant. A brasswar� centre is being set up in Tugaya, 50 
miles from the campus, in co-operation with government agencies like 

the National Science and Development Board, the Mindanao Development 

Authority and the to'm council of Tugaya. A low-cost housing project, 

initf�ted by the M.S.U. College of' Engineering, is being promoted by 

the RATC through training and technical assistance for the establish

ment of low-cost housing villages on a se.lf-help basis. An integrated 
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coconut charcoaling and copra drying plant , invented by a local arti
san , is being improved by the University through the RATC: in co-oper
ation with private entrepreneurs , the Developmeut Bank of the Philip
pines and the Philippine Couonut Authority , the RATC is currently 
working out the installation of similar plants in the most suitable 
areas of the region . The Naawan Fisheries Station , a marine fishery 
re3earch unit of the University , which has made a breakthrough in the 
spawning and culture of prawns ( j umbo-shrimp s )  is training the local 
fishermen along the lines of the RATC concept of technology dissemin
ation and entrepreneurship development . 

TRAINING PROGRAMMES AND THE PROMOTION 
OF LOCAL TECHNOLOGICAL TRADITIONS 

As the RATC is a new organisation , dif£erent techniques and 
methods of training are �eing experimented on ; only at a later stage 
will it be possible to evaluate and compare their effectiveness. 

a )  The Ceramics Centre 

The province of Lanao del Sur , as revealed by a recent survey, 
abounds in family-owned and family-operated cottage industries like 
weaving and brassware . The villagers , both young and old are craft
oriented. The ceramics industry is being introduced by the RATC 
because of these basic artistic skills of the villagers , the presence 
of abundant sources of fine clay and the projected demand Ior cera
mics-products .  A ramily-Oased skills training programme was thought 
to be reasonable. In the Ceramics Centre , groups are divided on a 
family basis: children and parents work together , with the latter 
playing the role of work leaders , and duties are distributed among 
members of the family. Tralning is conducted in the local dialect 
and when participants do not know how to read or write, illustrations 
are used. 

The first batch of trainees have yet to 'graduate' . The RATC 
plans to loan out the potters' wheels which the trainees are now 
using in the Centre , and is envisaging the possibility of lending 
them some glazing materials to produc� ceramics wares from their own 
local clay deposit s .  The artisans could then bring the un-kilned 
wares for treatment to the large kiln of the RATC , and the fees for 
this service will be paid after the sale of products. 

The longer-range plan of the RATC is to get the villagers to 
organise production anrl marketing co-operatives and to build commun
ity kilns of their own. The interest shown by the families in their 
training and the q1�al...;.'ty of their products and designs give the RATC 
staff much hope for introducing the industry in the province. 
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b) The Brassware Centre in Tugaya 

Brassware manu�acturing is an ag� old industry among the Mananao 

Muslims but has never really developed on a large-scale because of 

the low quality of products (the artwork however is excellent), the 

lack of capital, �aulty marketing and other problems. Using its own 

resources and a grant from the National Science and Development Board 

(NSDB), the RATC is conducting a research project to improve the 

manufacturing process and find solutions to the problems of the 

industry. 

A Brassware Development Centre, aimed like the Ceramics Centre 

at training and production, is planned to be built as soon as possi

ble in Tugaya, the town of the brassware artisans. The Centre will 

serve to demonstrate the improved yet simple new technology of brass

ware manufacturing. Similarly, marketing co-operatives are in the 

process of formation. Financial inputs into the Centre are coming 

from the NSDB and the Metal Industries Development and Research 

Centre. As in the case of the Ceramics Centre, training will be con

ducted in family groups. 

THE DEVELOPMENT OF INDIGENOUS INNOVATIONS 

a) �he coconut charcoaling and drying plant in !ligan 

Coconut charcoal and dried coconut meat (copra) are two major 

products �f the Philippines and there is a tremendous domestic a�d 

foreign demand. In concert with the local inventor of an integrated 

coconut charcoaling and copra plant, the RATC has been working on 

proposals to improve the invention and diffuse it within the country. 

The RATC discovered that this plant is the only one of its kind in 

the Philippines and possibly in the world. It had the technology 

patented in favour of the inventor, an unschooled but very experienced 

man in his fifties. The invention, according to experts of the Philip

pine Coconut Authority (PCA) and the United Nations Development Pro

gramme (UNDP), could revolutionise the coconut industry in the country 

if u�ed widely on the farms. 

Manufacturing plants of this type could be installed in strategic 

areas and operated on commercial basis. Proposals to this effect are 

presently being prepared by the RATC in co-operation with the Depart

ment of Industries. ,The staff has prepared the financial projecti�ns 

and plans, and has even completed the incorporation papers for �wo 

groups of farm-owners who wish to have the Plant on their own holdings. 

The PCA also plans to install a similar plant in its demonstration 

site in Leyte Island, 200 miles north of Mindanao. 

Simple training packages on the maintenance, repair and upkeep 

of the plant, and lessons on the formation of co-operatives are 



programmed by the RATC in co-operation with appropriate government 
agencies. Local en�repreneurs are also given ��idelines on the plant ' s  
economic and financial aspects. 

b) Low cost housing technology 

The M.S.U. College of Engineering has done research on low-cost 
construction materials for a number of usages, including housing, 
feeder roads and irrigation . Building blocks made from soil mixed 
with cement and bamboo roofing have been explored quite succ�ssfully 
in the laboratory. The RATC , in co-operation with the College actually 
built a 10-house village on the campus using soil-cement and bamboo 

roofing. The idea was to encourage local people to use such materials. 
Students and trainees from various localities did the construction; 
both groups got trained in the technology, and at the same time the 
project .o:.aved a lot of money for the university. 

A much larger village of 50 cottages is planned to be constructed 
on a self-help basis in the remote town of Lumba=Bayabao, 50 miles 
from the campus. Low-cost feeder r�ads using these new materials 
developed in the laboratory will service the area . The RATC- staff 
and the researchers of the College are in charge of the project . 
Housing-related industries are made aware of the project. 

c) The .1umbo shrimp industry 

In 1973 the M.S.U. Fisheries Station in Naawru1 (60 miles from 

the main campus) made a major breakthrough in the spawning and rear
ing of prawns under controlled conditions . The experiment has tremen
dous economic implications to the country since the jumbo-shrimp is 
a �ajor commodity food item with a demand that far exceeds supply. 
The Fisheries Station has graduated to commercial-sized he.tcheries 
that are capable of supplying the fry requirements of the region , 
b.ut the new technology must be taught to the people . What the RATC 
is doing , concurrently with the Fisheries Station personnel, is to 
spread the good news, convince pond-owners to convert their present 
fishponds to prawns or open new ones , and invest some of their money 
in the new technology. Eventually, marketing co-operativeswill have 
to be formed, and storage facilities and other services will have to 
be developed .  

One offshoot o f  this project is a much larger hatchery-ree:earch 
complex built by thP. Philippine government with financial inputs 
coming from six other countries in Asia. The complex is located on 
the island of Iliolo , 200 milee north of Mindanao. 

d) Other pro,lects 

The RATC is currently looking into the manufacture of simple 

machines using jur� vehicle parts , food processi�g equipment m1d 
low-cost scientLtic instrurnents. 
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THE GROWTH PAINS OF AN INTERMEDIATE TECHNOLOGY CENTRE 

The above summary of the RATC's activities after one year or 
operation suggests that it is indeed an active organisation. But as 
with any new institution there are some growth pains, and a number 
of problems remain to be solved. 

a) The place of RATC in the university 

Some hard-core academics in the university tend to consider the 
RAfC as & low-priority project and several deans of colleges think 
that the RATC's activities could very well be done by other govern

ment agencies and not principally by the M.s.u. It is true that there 
are government agencies responsible for the development of small and 
medium-industries in the country, but their resoarces are too central
ised i.n Manila a:ud there are r1ot many meaningful pro.jects in Mindanao. 
Added to this predicament is the precarious peace and order situation 
in ��e island. With this in mind, it can be argued that the university 

� duty-bound to do something for rural industrialisation and that 
the RATC is the most appropriate instrument. Linkages are being estab
lished with Manila-based agencies like the Department o� Industry, 
the National Cottage Industry Development Authority and the UP-ISSI 
(Institute of Small-Scale Industries of the University of the Philip
pines). At the international level, the RATC has tie-ups with the 
East-West Centre in Hawaii and the International Development Research 
Centre in Canada. 

b) Curriculum development 

The integration or introduction of courses on small-scale indus
trialisation, entrepreneurship and similar problems into the curricula 
of the colleges is promising but not easy to achieve. Some- headway 
has been accomplished in this regard. The research th�u3t of the 
College o:f Engineering :for·instance is on the development of appro
priat� technologies, and the newly-created Institute of Development 
gives cou{·ses on small industry development. What makes it difficult 

to really re-orient the educational system is the fact thet the 
existing curricula follow the standard university patterns which for 
most part are western-oriented. Engineering, ror example, presupposes 
studies on big industrial plants, their design and efficiency, and 
does not focus on the processes and technologies obtaining in the 
region; as for the curriculum on bu�iness administration, it deals 
with big compr.ffiies and large-scale investments. The practice so far 
has been to plug in two or three courses on small-scale industry 
into the already heavy curricula of the colleges. In �ther words, 
small and medium-scale industry development, as a target discipline 
in itself, is not yet sufficiently wide to form the basis of a 
complete curriculum. 
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c ) The availability of qualified personnel 

Qualified staff members to develop, run and maintain the RATC's 
projects are not readily available mainly because of the newness of 
the programme. A dynamic programme of staff development has therefore 
b�en established, and ten people have so far undergone crash training 
in Manila and Hawaii. This has got to be supported on a continuing 

basis. Another problem is the rapid turnover of staff in RATC: one 
key staff member has become vice president of a bank, and tmother 
went to UP-ISSI in Manila. 

d) Financing 

One of the crucial problems is the availability of money to 

support the RATC's programmes. From the way it looks, the RATC is 
an expensive proposition indeed: publications, travels, beminars 
and conferences coat a lot. It is premature at this stage to expect 
the beneficiaries of the RATC to plough back some of their resources 
into the programme, but efforts are currently being made along these 
lines. 

At this early stage, three preliminary conclusions could be 
drawn. The first is that there are positive signs that the RATC is 
:nal�ir..g a direct contribution to development. The second is that the 
RATC is a viable and relevant programme babed on the university. The 
third conclusion is that this experiment could prove to be a useful 
instrument for formulat.ing a science and technology policy on a 
regional level. 
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XI. THE DESIGN AND OPERATION OF A WATER FILTER USING 

LOCAL MATERIALS IN SOUTHEAST ASIA 

by 
• 

Richard J. Frankel 

An apprupriate technology for Southeast Asia was developed to 

pro., ide potable water for rural comnnmities using local filter 

materials. A series filtration system using these materials produced 

a sparkling clear water from highly turbid surfa�e waters �ithout 

the aid of coagulants. Effluent quality is comparable to that ob

tdined from the best slow sand filters. 

THE SITUATION IN SOUTHEAST ASIA 

In Southeast Asia, economic development is closely linked with 

improveQ social welfare of the massive r�ral population. The tec�no

logical priorities appear to be transportation, community water sup

ply, and rural electrification, in that order. These nations have 

imported convent.i.onal weter treatment methods (coagulation, sedimen

tation, rapid sana filtration, and chlorinatior.) as their approach 

for providing potable water to rural communities. 

For several reasons this technology has proved to be a disillus

ioning experience. Capital costs are high, and each plant must gener

ally be tailored to a local set of conditions. Thus design and con

struction are time-consuming and require well-trained personnel. 

Operating costs are likewise high and operational dJfficulti6s are 

numerous. Based on a recent evaluation of rural water supply projects, 

�he following problems were found typical: laboratory equipment was 

not available for daily or weekly jar tests to deteriDine the proper 

chemical doses; operators were not sufficien�ly trained to perform 

or understand the coagulation jar -t;e.:;t results; chemical costs were 

high in rural areas and operators often tried to cut back on the use 

of chemicals tu reduce water-treatment costs; chemicals ran short, 

and ordering in advance or obtaining additional chemical deliveries 

* 
Dr. R.J. Frankel is president of Southeast Asia Te�hnology Co.Ltd. 
( SEATEC) in Bar,gkok, �t'hailand. 
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on time was always a problem in distant communities; without proper 

dosage� the chemical coagulation-sedimentation portions of the plant 

operated ineffectively with the result that turbidity loads were 

almost entirely handled by the rapid sand filters; understanding of 

wr..y or wher.. -t:o back-wash the rapid sand filter was generally lacki.nt! 

mud bulls and short-circuiting were typical in many filters; proper 

sizing of sand was found lacking; and lack of sufficient operating 

funds often curtailed the use of chemicals and limited daily plant 

operation to 2-3 hours of discontinuous produ�tion. These difficul

ties left village leaders �nd villagers alike feeling cheated and 

deceived when what they received was seemingly an out-of-place and 

unworkable technology. 

Thus, a p�oven technology in the developed world is not neces

sarily an easily exported commodity for the developing countries. 

The need for a new approach is evident in rural ,,,ater supply, even 

in the seemingly wel1.-proved areas of conventional water treatment. 

This study deals with a suggested approach for treatment of suriace 

waters in Sou·cheast Asia 

three rears in Thailand. 

r..;1 approach that has been under test for 

The high levels of organic pollutants and colloidal particles 

found in surface waters of Southeast Asia contribute to the health 

hazards endemic in the region. The role of filtration in the total 

water use-reuse cycle is essential, so research was carried out to 

develop a simple, inexpensive filtering system, using local filter 

media, for the efficient removal of undesirable contaminants from 

water sources. The primary concern wes for removal of colloidal and 

suspended particulates and microorganisms. 

Various potential filter media were studied using local materials, 

including pea gravel, charcoal, coconut husks, bagasse ash, jute, 

ground corn hnsks, and rice husks. Sand was used as a control media 

for comparison. Single and series-filter systems were studied. 

LABORATORY LXPERIMENTS kVD DESIGN 

A six-month preliminary study �a� carried out in search of 

efficient filtering material. Filter media was sought for both a 

primery. or roughing, filter and a secondary, or polishing, fil�er. 

Criteria for selection were abundance, ease of preparation &,d 

st-orage, filtering efficiency, service li:!e, and low cost. Emphasis 

was placed on the natural state and s.tze in which such materials 

�ere found locally in order to avoid complicated methods of prevar

ation and to maintain simplicity in design and operation of the 

filterR. 

Use of the .Local filter materials as filter media for the 

treatmen·c of surf'ace waters was carried out in two stages: stage one 
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at high-rate filtration and high turbidities in the range of 100 to 
400 Jtu (Jackson turbidity units ) ;  and stage two at a slow rate of 
filtration with turbidities in the 15 to 40 Jtu range. Stage one was 
carried out t� establish the effectiveness of the media as roughing 
filters - "that �s to !:"P"llove a considerable portion of influent tur
bidity for a sustained period of time at low head-los s .  Removal of 
other pollutant� was considered secondary. In the testing of stage 
two , the prime objectives were to meet the drinking-water stand�rd 
of clarity and to test the bacteriological removal efficiency of the 
filter media . When necessary , synthetic turbidity , in the form of 
kaolin clay , was added to the influent :river or municipal water to 
insure a constant range of turbidity levels .  

LABORATORY RESULTS 

a )  The primary (roughing ) filter 

The most successful filtering material fo1md for the roughing 
filter proved to be shredded coconut husks . The raw husks are found 
th�ou�hout Southeast Asia and have little market value. except in 
areas where the husks are shredded for packing material and used in 
sugar making . Cost of obtaining the raw husk i s  generally transport 
cost only . In Bangkok shr�dded coconut husks were obtained from a 
coconut coir mill for US$ 0 . 125 per kg . In Figure 1 ( 1 )  the efficiency 
of shredded coconut husk is shown for various depths of filter media. 
At the filtra�ion rate of 1.25 m3/m2/hr , removal efficiencies of 
turbidity wer& consi�tently above 90 per cent . Duration of filter 
run increased direc,tly with increasing depth of medium. Ef'f'luent 
quality was improved with greater depth of medium during the first 
hours of filter operation . Differences in �ffluen"'c quality diminished , 
however , as the duration of filter run increased . The filters were 
operated over a twelve-week period . Pen�tration of' influent turbidity 
was substantially deeper than that of' ether media . Cl.ogging started 
at the top layer , bGt the particulate matter penetrated deeper into 
the bed CL3 the filter run progressed . The shredded-coconut-husk 
filter appea ��1 to operate in a manner similar to an ion-exchange 
column . Once the exchanse capacity of the upper p�rtion of the bed 
had been exhausted, influent turbidity was removed in the lower por
tions of the bed . Head loss building was slow and was proportional 
to the depth of penetration of col:oidal and suspenderl materials . 
An accumulated head loss of 1 .2 m was used as a l imiting criterion 
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!'or duration of all runs . In no case did a deterioration in effluent 
quality oc..cur prior to reaching the limiting head loss . 

Operation !·evealed that the media were complicated to clean 
because of 1�he deep penetration of par-ticleos into the filter bed. 
The cocc•nut-husk fibres would require coJl.Lplex cleaning methods as 
well as large volumes of back-wash water.  Therefore, wasting of media 
after clogging was more practical than cleaning and would be more 
applicable in rural operations . No back-washing of the filter was 
carried out . The need f'or additional 'ralves , piping , a backwash pump , 
and a storage water tank was thereby eliminated . The availability 
and low cost Jf the medium also favoured discarding the h;lsks rather 
t'l)an cleaning them. Ideal operations would require the operator to 
replace the filter media about once every 2-3 months . 

b )  The secondary \polishing) filter 

A s econdary filter medium was required to polish the water to 
the World Health Organisation 1 s (WHO) standards (for turbidity colour , 
and odour) and to improve microorganism removal . The most successful 
filtering material found for the polishing filter was hurned rice 
husks . Raw rice husks were obtained from local rice mill s .  The husks , 
which represent the largest milling by-product of rice , conRtitute 
about 20 per cent of the paddy weight and can be obtained free of 
charge on payment of transport costs or at a nom�nal price ( $1-2/ton) .  
ruce husks are disposed of as waste , although a large amormt is used 
as fuel by the mills in Thailand . Elsewhere in Southeast Asia, where 
the mills are run by diesel or oil-fed steam boilers , some husks are 
brick t.llns . The burned rice husks are not burned tv a white ash 
because combustion is incomplete at low temperatures in the boiler 
(less than 350°C ) .  The husks are burnt to a blackened ash which 
consists of about 90 per cent silicon dioxide , 6-7 per cent oxides 
of magnesium, aluminium, calcium , and iron, and the remaining 3-4 
per cent organic matter (mostly carbon) .  The medium shows a low den
sity of compaction over a wide range of moisture content s ,  a specific 
gravity of 2 . 3 ,  a very high surface-area-to-volume ratio , absorption 
prcperti�5 s.!.r!!i.!..t!.r' ta =.ctivated carbon " small pore size , high per
meability and very low cohesion , making the ash highly suitable as 
filter ma�erial . 

Performance of the control sand filter and the burned rice husk 
is shown in Figure 2(1) using raw water from the Chao Phya River 
with an influent turbidity of 25-85 Jtu . A slower filtration rate 
of 0.25 m3;m2/hr. was used to compare turbidity renewal efficiency 

Bangkok , 1971 . 
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Figure 2 
COMPARISON OF SAND A�D BURNT RICE HUSK 

AT THE SAME FILTRATION RATE AND INFLUENT TURBIDITY 
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with that of a slow land filter design . Operation was stopped when 
the head loss reached 1 .2 m .  Throughout the length of run , effluent 
quality was excel lent with a residua1 turbidity less than 0 . 5  Jtu . 
Penetration of the filter medium was superficial , since most of the 
tur�i�ity was removed in the upper 2-3 em. Thu s ,  ideal operation 
would require scraping off the upper 5-10 em of the medium about 
once every 2-3 months .  Because the burned rice husks are plentiful 
and inexpensive , discarding the medium after use appears far more 
attractive than washing. 

Numerous tests at filtration rates of 0 . 1-2 . 5  m3Jm2/hr. were 
made comparing burned rice husks with sand as filter media. The 
results are plotted in Figure 3( 1 ) .  In all tests using burned rice 
husk� a 25-35 per cent longer filter run was achieved without �acri
ficing effluent quality . Thu s ,  it appears that the burned rice husks 
can be substituted very effectively for sand in water-treatment 
filters operated at slow to medium filter rates , thereby eliminating 
the sizing pr0blem associated with sand . 

PILOT FILTER UNITS CONSTRUCTED AND OPERATED 

This research project was carried out under the auspices of the 
Mekong Committee . The United Nation ' s  Economic Commission for Asia 
and the Far East (ECAFE) funded the construction of one small village 
size filter unit in each of the four Mekong Basin countries (Laos, 
Khmer Republi c ,  Vietnam and Thailand) and one large village unit in 
Thailand . 

A summary of the pilot plant units , indicating their location , 
capacity , number of persons served , construction costs , and initial 
operation costs are given in Table 1 .  For the small vil lage unit s ,  
the largest single investment cost was the pump . In all four coun
tries the pumps were imported ; in three of the four countries , the 
pipework was imported . In all four countries , the filter boxes were 
made locally. The support structure and storage tanks were always 
made of local materials .  Hence , the local portion of the total invest
ment cost varied from 45 to 85 per cent . 

For the larg� village size 14�it, the single most expensive 
imported item was the steel reinforcing bars . Essentially all other 
items were locally produced . The total unit costs (including all 
materials , equipment , labour and transport) ranged from $0.30 -
$2.60 per capita . This is considerably less than the $6.00 - $8.50 

1 )  After N .  Jaksironot,  op .cit . 
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Table 1 

SUMMAHY OF CONSTHUCT10N AND OPERATING COSTS OF THE PILOT WATER FILTER PLANTS 
( in 1973 US dollars) 

Construction Costs , �� Investment 
Location of Capacity Equipment and Cost per 
Pilot Plant m3/hr Materials Transport Lab cur Total Capii:F.I. 

Local Imported 
-

Ban Som , Thailand 
(830 persons) 1 .25 330 74 I 105 126 635 o . so 

Kambual , Khmer Republic 
(BOO persons) 1 . 50 105 124 N .A.  ( 3 )  1 1  ( 3 )  240 0 . 30 

B ,  (4)  

Village Oper·ating 
Operating Costs per 
Costs per

! 
Family 

month ( 1 )  per month 
( 2 )  

26 0 . 30 

26 0 . 35 

Hamlet Long Thong 
Vietnam 1 .00-2 .oo 373 60 28 64 525 1 . 10-2 .60 20 0 . 50 

( 200 persons) 

I N . A . I 
Nang Tha South , Laos 

I I 
(500 persons) 1 . 25 235 250 N.A.  N .A.  485 .95 N .A .  

Ban Nang Suang , 
Thailand 

115( 5 )  ( 5 , 000 persons) 1 5 . 0  3 ,660 2 ,000 530 1 ,600 7 , Cl50 1 . 60 0 . 1 5  

� :  N . A .  = not available . 
1 )  Based on one full time operator 8 hours per �JY � 30 days per month . 
2 )  Assuming on equal charge per family regardless of water use or number of family members . 
3 )  All construction labour and transport supplied free by Ministry of Public Health. 
4) Pilot unit was designed to serve 500 persons . An additional expenditure of only about US$30.00 was needed 

to complete the distribution system to serve the other 300 persons . Hence the two values of per capita cost . 
The pilot �it in Vietnam includes a distribution system to public fountains throughout the village . 

5 )  Assuming 11contact" filtration using 120 mg/1 of alum as coagulant . Operating costs estimated . 

- - - - - --��-----�----��--�--�------�------�----�--� 



per capita figure required to build conventj.onal water treatment. 
plants in Northeast Thailand ( ! ) .  

Operating costs for all units remained low and varied between 

$0 .15 - $0.50 per family per month . These costs include1 labour , fuel , 
filter media replacement and pump repair ( and in the special case o f  
Ban Nong Suang , chemical costs ) .  Even a t  the low levels of income 

found in these communitie s ,  villagers indicated their wil l ingne�s 
and ability to pay for the operation of the uni t .  In Ban Som , for 
example ,  the average water charge per family per month required to 
maintain the system was 4 Baht (US$0 .20 ) . The average family income 
for comparison was 2 ,000 Baht (US$100) per annum . iqhen the vil 1 Rg-e 
began to operate the system on its own and pay for to-:al operating 
costs , the village headman set up a dual price system of 5 Baht per 
family per month after the rice crop was harvested and 1. . 5  Baht per 
family per month during the growing season when cash on hand was at 
a minimum . Insufficient time was avaiJ 'lble tc obser-..re how effectJvely 
the villagers would finance the system on their own . However , in 
comparison with other water systems operating in Northeast Thailand , 
the water charges needed to operate and maintain the water filter 
units were one fourth to one half the normal rates charged in similar 
villages {2 ) .  A village-wide sur1ey made after four months of filter 
operation in Ban Som indicated that the average villager ' s  t>�.:l ll :i.ng
ness to pay was 10 Baht ( US$0 � 50 )  per family per month . 

EXAMPLE RESULTS OF PILOT l'LANT OPEHATI ONS 

a )  Ban Sorn. Thailand 

Operation of the pilot filter unit at Ban Som was successful 
throughout the first year of operation. The media were changed first 
after 590 hours of filter operation ( equivalent to about five months 
as the filters wer·e operated only 2-5 hours per day ) . The coconut 

fibre was washed in the raw stream water and reused in the filter' ,. 
The burnt rice husks were replaced with additional burnt. husks 
obtained from the rice mill outside Khl")rat . 'l'he same fibre and husks 

were still working effectively when the media were changed for the 
second time some 418 hours of operation later. Water quality of the 

treated water was very good throughout the 9 months of operation and 

1 )  c .  Athikomrungsarit , Benefits and Costs of Providi Potable �ater 
to Small Communities in T ai and . Master s t esis lmimeo , s�an 
Institute of Technology, Bangkok � 1971 . The values relate to water 
treatment plant costs only , and would be considerabJ_y higher when 
adjusted to 1974 dollar s .  

2 )  J .  
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generally met the recommended WHO International Drinking Water 
Standards for clarity, colour , odour , and taste . The bacteriological 
content of the treated water varied from 0-72 coliforms per 100 ml 
as measured by the Millipore filter test . Removals of coliform micro
organisms varied between 25 and 100 per cent , with greater than 90 per 
cent being most typical . Unfortunately , many field test results were 
discarded tecause of poor sampling or incubation techniques in the 
field. More data are required before conclusions pertaining to bac
teriological removal efficiency can be drawn . 

Operational problems encountered included (a)  insufficient 
treated water for the villages � the operator continuing to run the 
plant only 2-5 hours per day rather than in.:rease the number of hours 
of plant operation; and (b)  three pump breakdC'wns , totalling 16 days 
of plant shutdown , primarily due to the inability of the operator to 
repair the pump and his lack of tools to handle any such repairs 
(tools were later purchased ) .  An additional 3 day shutdown was in
curred when the operator went into Bangkok on personal business , and 
neglected to appoint a fellow villager to r1m the unit dl.lring his 
absence . 

Acceptance of the water supply by the villagers was excellent 
throughout both the wet and dry seasons . In the dry season the fil
tered water was used exclusively for drinking and cooking . Villagers 
claimed they liked the taste of the water and had no complaints about 
taste or odour . The true test of acceptance was made during the rainy 
season to determine whether or not the villagers would use the fil
tered water as rain water equivalent . The results of a survey cover
ing 100 families in the village are shown in Table 2 .  Eighty-three 
per cent of the families continued to use the filtered water for 
drinking and cooking , and were using it for washing and bathing , 
also knowing that sufficient rain water was available to meet all 
needs . Seventeen per cent of the families were not using the filtered 
water because they had to walk too far to fetch it ( they lived close 
to the stream running by Ban Sam) and had sufficient rain water stor
age to meet their drinking and cooking needs. In fact all families 
stated tbat during the rainy season they prefer·red rain water because 
they did not have to waste time in fetching the water (the villagers 
catch the rain water through roof gutters which convey the rnn-o:ffto 
earthen or concrete storage jars ) .  Interestingly enough , 75 per cent 
of a.tl 'families stored both kinds of water . Fifty per cent stored 
rainwater and filtered water in separate jars ; 25 per cent of the 
families stored the two waters together in the same jars . The other 
25 per cent stored rainwater only. 

b )  Hamlet Lnng Thong B .  Vietnam 

The pilot filter unit at Hamlet Long Thong B worked well from 



Table 2 

RESUL7S OF Q:JESTIONNAIRE ON FAMILY WATER USE IN BAN SOM 

September 1973 

Ouesti0ns po-sed to some 100 families during the rainy season : 

( 1 )  How often do you use rain water for drinking? 

every day 

when it rains 

100 until the supply is exhausted 

( 2 )  During the rainy season do you use filtered watF.r from the 

water project for drinking? 

every day 

30 sometimes 

53 only when rain \Vater is exhausted 

17 do not use the filtered water because pilot 
filter projec� too far 

( 3 )  Do you store both rain water and filtered water at the house? 

25 only rain water 

52 both rain water and filtered water but in separate 
jars 

23 store both waters in the same jar 

(4) Apart from drinking. what else do you use the filtered water for? 

83 cooking 

83 bathing 

83 washing dishes ,  clothes ,  house , etc . 

gardening 

17 have sufficient rain water for all household uses 

(5)  Do you prefer drinking rain water over filtered water? 

No 

100 Yes 

Give reason why? 

Because do not have to waste time in fetching the water . Also 
rair1 water has no colour or taste . 
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the time it was opened . Not one single day of shutdown was reported 

during the first 6 months of operation s .  Supervision of the unit and 

t.eclmical support for the operation by the Ministry of Public Health 

vras excellent . The quality of filtered water met the recommended WHO 
International Drinking Water Standards for clarity , colour, taste , 

and odour . The data showed the dilution effects of the rainy season 

in the level of chlorides in the water , which are not removed by 

filtration . The villagers consumed water of 400-2000 mc/1 chloride 

content during the dry season (the recommended WHO International 

Drinking Water Standard is 250 tJJ.c/1) , and of only 10-40 mg/1 chloride 

content in the wet season . 

Turb idity levels durtng the high flow period cf the river were 

higher than in the dry season months . The filter unit generally 

removed more ·than 90 per cent throughout the entire 6 months of oper

ation . Bacteriological removal was erratic . Values of zero to more 

than 2 , 400 coliforms MPN/100 ml were reported in the filtered effluerLt . 

The raw water coliforms count always exceeded 10 , 000 MPN/100 ml . 

Acceptance of the water by the v:i llagers was tested by an inter

view survey of the 42 families using the water . All 42 families 

responded that they used the water for dr�nking and cooking purposes,  

that they liked its taste and had no objections t o  its taste or odour . 

Nine famill.es indicated that the filtered water had no taste . 

CONCLUSIONS AND FU'fURE RESEARCH NEEDS 

The findings of the work to date may be summarised as follows : 

a) Successful field testing of several different sizes and design 

of filter units have been accomplished in the Lower Mekong 

riparian countries . Two small village-size units ,  each 

serving several hUi1dred persons in Thailand and in Vietnam , 

have operated continuously , almost trouble free , for a total 

testing time of 18 months .  Units in the Khmer Republic and 

in Laos have not operated sufficiently long to judge opera

tional effectiveness . A large village size unit has been 

constructed and operated in Thailand for approximately 5 , 000 
persons . 

b )  Field data have indicated that the filters are capable of 

treating almost all surface waters successfully without the 
need for chemical s ,  except for those waters with abnormally 

high colloidal turbidities . However, these waters can be 
satisfactorily treated by the use of small dosages of coagu

lant chemicals . The required dosage i s  less than the standard 

coagulant demand , and that amount i s  sufficient to begin to 

induce particle agglomeration. 
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c )  The ?hysical quality of the treated waters was generally 
sparkling clear , with a turbidity of less than 5 Jtu , colour
less , odourles s ,  and cf pleasant taste . Turbidity removals 
were generally greater than 90 per cent and �s high as 97 per 
cent . Colour removal wa£ similarly effective . Iron removal , 
where high iron containing waters existed , was sufficient 
-to reduce all waters to within recommended limit s .  J:n general , 
treated water met WHO International Drinking Water Standards 
for clarity , colour , taste , and odour . 

d )  The bacteriological quality of "the treated waters was gener
ally 90 per cent or more improved over the untreated raw 
waters , a removal rate which compared very favourably wjth 
removal efficiencies obtained from conventional water treat
ment plants prior to disinfection . A small dosage of chlorine , 
probably less then 1 mg/1 , would be sufficient to meet the 
recommended WHO International Drinking Wat�r Standards . 
However 1 chlorination was not used because of the possible 
rejection of the water> supply for drinking purposes by the 
villagers . and because of the questionabl� need for a ' pure ' 
water supply , given the sanitation condition and water use 
habits typical of the villages �  

e )  Lengths of filter runs exceeded all expectations based on 
projections of laboratory findings .  The variability of the 
turbidity loads and the greater range of particle sizes 
found in the field , as opposed to the more uniformly con
trolled laboratory raw water qualityt allowed for longer 
duration times of :filter media use prior to build-up of the 
design head loss without loss of filter efficiency or 
decrease in effluent quality . Thus filters were operated 
4-5 months without a change of filter media , whereas in the 
laboratory the filter media had to be changed every month 
to six weeks . 

f) Operational problems were minimal . The coconut fibre can be 
washed and reuSed . The upper Portion of the burnt rice husks , 
some 5-l-0 em depth.t. can be scraPed off and discarded . Addi
tional burnt rice husks can then be added to maintain the 
same depth of filter medium. Pump breakdown was the only 
significant operational problem, which accounted for some 
15 days production loss during the pilot studies . 

g )  Considerable ·interest was generat�d , both ·in the villages 

near the pilot projects ,  and in several of the Mi.nistries 
responsible for providing .water supply to rural communitie s ,  
t o  build and operate other filter plants o f  similar design . 
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/ I 
Research Needs 

Seveial unanswered questions p�·esent themselves as attractive 

research areas for future work as a result of the successful operation 

of the pilot plants . These include the techniques used to extend the 

service life of the filter media , to expand the range of waters that 

can be treated by the two-stage filter to include all types of tur

biditie� of varying characteristics and particle size distributions , 

and to simplify design and lower capital as well as operating costs . 

These research areas include the following: 

a) Development and field testing of the individual family size 

jar filters not previously tested in the pilot studies; 

b )  A systematic programme of research and development for study

ing the basic phenomena by which the coconut fibre and burnt rice 

husks achievtl' their removals of turbidity , colour , bacteria , and 

other impurities in water , with the objective of developing basic 

design criteria so that it will be possible ; based on tests of a 

raw water , to design a filter system which will positively achieve 

the desired removals .  The initiaJ stages of this work would be 

limited to removal of clay turbidities of various types and particle 

size distribution . Further stages would investigate removals of 

bacteria , colour , oil s ,  organic pollution , etc. 

It is envisioned that the two-stage filter system, using both 

coconut fibre and burnt rice husks in series , with or without chemi

cals ,  represents an essentially neW tool available to the engineer , 

competitive with the trnditional rapid sand filter process , and which 

has a Yast potential for application , both in water and waste proces

sing , and in industrial filtration processes . 
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XII .  THE SOLAR PUMP AND INTEGRATED RURAL DEVELOP�� 

by 
* 

J . P .  Girardier and M .  Vergnet 

The drcught and acute famine in the countr:1.es of the Sahel have 

drawn attention to a very serious yet ancient problem: the lack or 

Q�suitability of facilities for pumping water in desert areas . 

Professor Masson , Dean of the University of Dakar, and one of the 

authors of this paper ( J . P  Girardier) developed a pump appropriate 

for these countries in 1964 . 
This pump runs on solar energy only . The plane solar collectors 

act as the hot source and the ground water as the cold source . Using 

this very small temperature difference ,  of the order of 2D-30°C ,  em 

organic fluid working in a Rankine cycle transmits the energy to a 

gas expansion engine . This engine then drives the water pump and the 

auxiliaries necessary for the operation of the whole system . 

The installation was designed to operate in arid areas,  with 

minimal maintenance and supervision. This dictated certain basic 

parameters , particularly the use of plane collectors . These have 

considerable advantages : since they are stationary , they are not 

liable to break down , and they absorb solar radiation in its entirety. 

These features are highly attractive in areas where the atmosphere 

always contains sand in suspension. 

The first solar pump was built in Dakar and was gradually im

proved and developed by J . P .  Girardier, first in co-operation with 

the Dean of the University, and then within the Mengin Company and 

the Societe fran�aise d ' etudes thermiques et d ' energie solaire 

( SOFRETES) . 

In view of the essential requirements of reliability and endur

ance this equipment would have to meet , tests and experiments went 

on f'or a very long time . After the development and optimisation of 

the working cycle,  all the components had to be tested ·�der the 

most severe conditions . 

* 
J . P .  Girardier spent several years at the IYikar Institute of 
Meteorological Physics and is at present Chairman and Managing 
Director of the Mengin Company and of SOFRr�ES. 
M. Vergnet , an engineer trained with the Fr�nch Department of 
waterways and forests , worked for a number of years in Africa on 
problems of water systems and solar pumps . 
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During this development period , SOFRE-rES extended its co-oper
ation to other solar energy research establl_shments in African coun
tries : the National Solar Energy Board ( ONERSOL) in Niamey (Nige>r ) ,  
the Solar Energy Laboratory at Bamako (Mali ) ,  the Inter-State College 
for Rural Engineering (EIER) at Ouagadougou (Upper Volta) and the 
Faculty of Science at N 1 djamena (Chad ) .  

This tect4�ical co-operation made it possible to determine the 
weak spots and improv-: those parts o f  the engine which were subject 
to the greatest amount of stres s .  By dint of considerable research 
in specific fields and particularly lubrication , this equipment is 
now operational under the most severe conditions . 

The first practical outcome of this research was the pumping 
station at Chinguetti in Mauretania . This station is located some 
700 km inside the Mauretanian desert and supplies water to the popu
lation of the oasi s .  Built in June 1973 , the plant is an integrated 
unit whicu includes a school whose roof has been converted into a 
solar collector. This was .made possible by the efforts of a group 
of- architects who worked on the architectural integration of the 
buildings and designed collectors based on locally available com
ponents ( e . g .  cement asbestos panels of the 1 canaleta 1 type ) .  

THE BASIC TECHNICAL OPTIONS 

Although a great deal of research and testing has been done on 
the conversion of solar energy into mechanical ener,rrv ,  industrial 
developments have been rather disappointing . if not practically non
existent . The energy policies pursued by the- industrialised ccu..'"'ltries 
did not encourage the development of solar energy . In any case this 
substant ial but low-density source of energy was considered inappro
priate for countries with a very highly concentrated industrial 
structure . The true value o� solar energy did not become clear until 
people became aware of the particular problems of the developing 
countries.  

More recently,  the energy crisis has considerably broadened the 
interest of the industrialised countries in solar power which until 
then had been considered margin81 .  In 1974 France spent 30 million 

francs on eJlar energy research and the United States has voted a 
substantial research budget to this effect ( l ) .  

A working party under the leadership of Professor Masson, sup
ported by academics and architects , very s0on became involved in the 
nroblems of applying this form of energy . The most appropriate regions 

1 )  For further details on research expenditures in 
Ener�y R & D - Problems and Perspectives, OECD, 
(Edi or ' s  note) . 
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for the devel opment of solar energy are clearly t1 e desert and se�i

desert areas , where sunshine is abundant and , above all , regular 

throughout the year . From the economic and human standpoint , these 

regions experience enormous problems in pumping their vital water . 

The transport c;f energy and spare parts is considerably hampered by 

the dispersion o f  sites and the difficulties o f  acces s ,  and costs 

rise accordingly . 

The exploitation of solar energy is to a large extent a probleru 

of storage .  In the particular case of the solar pump , the solution i s ,  

i f  not elegant , at least simp l e :  the water pumped from the aquifer i s  

stored and can be used when required . The pumping and storage o :t:  

water thus largely solves the problem of operating solar energy 

installations in desert regions . The design and construction options 

selected were therefore dictated by considerations of maximum suit

ability to the climatic and technical conditions in these regions . 

The first choice had to be made between plane collectors and 

concentrators . The obvious advantage o f  the concentrator i s  that 

high temperatures are obtained and hence a fairly high potential 

Carnot efficiency ( o f  the order of 30 per cent ) . However , such a 
concentrator uses unly the direct radiation. which on the average 

is equivalent to 70 per cent of total radiat ion. The reason is that 

the sand suspendf.d in the atmosphere diffuses about 30 per cent of 

the sun ' s  energy on the average throughout the year . If direct 

radiation i s  to be used, the concentrator has to be reorientated 

either daily or at least on a seasonal basis . The turning mechanism 

must be e:x'tremely strong to withstand the frequent and violent winds 

in these areas . It must also be sandproo f  if it is to have a long 

life . 

In order to ensure a high degree of concentration , the reflect

ing surface must be kept very clean and perfectly rP�11lar . These 

conditions are very difficult to fulfil in desert areas owing to the 

sand ( cleanliness and surface erosion) and problems of transport and 

difficu:ties of construction (risks of damage ) . 

The advantage of plane collectors is that they trap solar radi

ation in its entirety , an important feature when skies are frequently 

overcast . They operate well even in mediocre conditions of cleanli

n e s s .  The collecting surfaces are made of easily assembled , pre

fabricated sections; transport ir; thus relatively easy and final 

erection can be carried out on site . The:-se tmits are simple and 

robust , and as a result have a long working life . 

On the other hand , the thermal characteristics of :olane collec

tors give temperatures of the order of ?0° only ar�d the Carnot effic

iency for this reason is no more than 12 per cent . Since the temper

ature difference between the hot source and the cold source (the 

water pumped from the aquifer ) i s  very small ,  the use of plane 
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collectors requires VAry careful study of the therm3l cycle in order 

to make maximum use of the little energy available . In choosing the 

collecting system , the decisive factors were efficiency and long 

working life ; for this reason >lane collectors were chosen in prefer

ence to concentrators . 

As far as the utilisation of the two sources of heat were con

cerned , the thermodynamic cycle was an obvious choice by virtue of 

its simplicity. An organic fluid moves between these two temperature 

sources and converts the available heat energy into mechanical or 

electrical energy . 

TECHNICAL CHARACTERISTICS 

a ) Solar cells 

A bettery of static solar cells of a rudimentary design collects 

the solar radiation and converts it into heat . Each cell consists of 

a plate acting as a 11black body" . It is thermally insulated from the 

environment and placed under glass in order to benefit from the 

greenhouse effect . This plate gives up its heat through a heat trans

fer flui d ,  usually wate r ,  which circulates through the cell s . 

b ) Thermal converter 

The heat produced by the solar cells has to be put into a form 

suitable for conversion , in this case a thermo-dynamic potential . 

For this purpose , the heat transfer fluid collecting the heat from 

the cells gives up its energy to an organic liquid which is near its 

boiling point . The pressure resulting from the evaporation of this 

fluid at a suitable temperature operates an expansion-type thermo

mechanical converter (either a piston engine or a turbine ) . After 

expansicm in the converter , the fluid i s  liquif.ied in a condenser , 

and its heat is removed by the water . 

c ) Pumping 

Water is drawn from a well or frora a run-·of-river inlet b:'l a 

pump operated directly by the engine shaft in the case of the piston 

engine or by a centrifugal pump driven by an alternator keyed to the 

turbine . 

d ) Performance 

On the averag� the piston engine can deliver 30 cubic metres of 

water a day at a head of 20 metres . This equipment can easily be 

adapted to other head s ,  as shown ln the following table: 



Heads 10m 15m [ 20m 25m 30m [ 35m 40m 
Average Hourly Delivery 12 8 5 4 : . 5 3 I 3� : Average Daily Delivery (m3 ) 60 40 25 20 17 15 _L -

The first turbo-elternator supplJ'ing electricity directly is 
cu":"rently in .service in Mexico . It has an tastalled capacity of 

25 kW , and provides water to the town of San Luis de la Paz . Solar 
power stations rated at 50, 100 and 150 kW will shortly be buil� in 
Africa and Latin America . The design of this equipment was also 
governed by a concern for reliability and simplicity of operation . 
All the components are derived from equipment which has operated 
satisfactorily over a long period. 

FIELDS OF A�PLICATION AND THE DIFF�CULTIES OF INNOVATION 

Setting up a rational \lrater infrastructure is a basic feature 
in any policy for economic and social development . The use of solar
powered pumping equipment allows for a new approach to the delicate 

problems of supplying water for human needs , livestock and irrigation . 
These sealed systems are highly reliable and do not require mainten
ance which in any event would be difficult to pr0vide without skilled 
staff; operating costs are low which is an advantage for a communi tv 
whose resources are l imited . These qualities are essential for equip
ment installed in the course of development programmes for arid 
regions . 

a )  Village ·'fater supplies 

The solar purr.p provides a simple solution to many econcmic 
problems but its Introduction does bring about fundamE"ntal social 
changes . 

In the Sahel area , the job of getting water by traditional 
means usually occupies the children aged between 6 and 15 for a 

large part c.f the d�.y . They nnd a few old people gather rou."'ld the 
well where discussions take place in a kind of traditional school . 
Installing a pt:illiping station in a village released the children from 
this job and breaks this traditional bond. It seemed important there

fore to associ,.ate the installation of a pumping station lrri th the 
creation of a school to replace the ' informal ' school which developed 
around the well . The group ' s  architects ,  J .M .  and G .  Alexand roff, 
studied the problem and succeeded in integrating the solar installa
tion and the s chool ,  primarily by fitting solar cells to the roof of 
the newly-buiJt school . (The roof is composed of rigid ' canaletas ' 

panels ) . Thi s . integration has a twof�ld advantage: it cuts capital 

costs by usinC the roof a� a collector, and it appreciably reduces 
the temperature inside the building , by 6-8°C at Chinguett i .  
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Ano-:-.her application of village pWllping equipment is for improv

ing bush diepensaries . These are integrated in the same way as the 
school ; the system provides the basic sanitation needed .for this 
type of b'..L'Llding as well as kee.ping i 1.. cool. The possibilit:y of 
introduci::.g a small amo,mt of refrigeration for improving the effic
iency of t�"�ese disp:.msaries is under study. 

In Mexico , the installation of solar pumps is part of a vast 
programme for colo�ising the arid areas in the north of the country . 

Each new p•.anp beco11as a development pole arormd which the peasants 
rapidly gather and organise a collUIIunity life . 

The induced effects of a new solar pump , whether architectural 
or sociological , is attracting increasing attent-ion from national 
authori ties and is now being systematically investigated whenever 
regional development plans are being drawn up . Fnirly advanced 
research is in hand in Se-:--.egal ,  Mexico and Brazil. 

b )  Water for pasture 

The policy of establishing central water points for large graz
ing areas in the Sahel has been in most cases a failure and it appears 
preferable to establish a larger number of widely scattered small 

water holes. The fragile ecological equilibrium in these areas rapidly 
breaks down as a result of the excessive density of livestock around 
the water hole . The flora degenerates and in the present state of 

drought this phenomer.�n ts virtually irreversib l e .  
Pumping stations , which are completely self-contained and highly 

reliable , make it possible to build up a more balar1ced pattern of 
water holes , which give due regard to the constraints of e�idemiolo�y 
a�d , particularly , agrostology. In addition to pastures deserted 
through lack of wate r ,  these stations can also serve as supply points 

for goods ·traffic or transhumance. 

c ) Water supplies for agriculture 

An essential problem of development in the Sahel countries is 
to increase agricultural production. Soil studies have revealed an 
unlimited water potential which can only be exploited through pump

ing. Solar powered pumping stations are particularly well suited 

both to large Bettlement areas , which require capacities of 50 , 100 

or 150 kW, a�d to small village-type development projects . 

OBJECTIVES 

The first stage of developj_ng pumping installations based on 
solar energy is coming to an end with some 30 stations currently 
completed or �mder construction in Africa and Latin America (Upper 

Volta , Mauritan�a , Chad , Nige r ,  North Cameroon , Mexico and Brazil ) . 



The feasibility of these systems i s  now proven and two new 

approaches have b een adopted . The first i s  to improve them and to 

produc� them on an industrial s�ale . This task i s  being undertaken 

within SOFRETES, enriched by new and i�portant partners : the Regie 

Rene.ult through it:s subsidiary Renault Moteurs neveloppement , with 

its marketing expertise and its industrialisation know-how ; the 
' 

Commissariat a l ' Energie Ato:nique with its important interests in 

heat exchange and conversion; and finally the Total group which will 

work in particular with the Tecfu�igaz Company on aid conditioning , 

refrigeration and heating . 

�he second approach is that of the transfer of technology . The 

design options which were chosen (plane cells , thermodyn::im�-= cycles 

of the steam eugine type ) are paving the way to the gradual develop

ment of local manufact•tring . Senegal and Mexico a!'e already consider

ing building 50 per cent of these systems locally. 

'l'he research co-operation wi-th the diffc·cmt countries will 

have tn be extended to cover furth�r modifications and improvements 

and to use existing industrial facilities or those to;'hich are in the 

process of being set up. 

CONCLUSION 

Life i s  gradl�lly disappearing from these immense regions 

despite the fact that they have an inexhaustible source of energy 

at their disposal . Underground , they have in abundance the water 

which is lacking on the surface . 

They do , however ,  lack the appropriate means to extract water 

and the industrialised countries have not for the most part tried 

to meet this need . The development of these regions could be greatly 

facilitated by new installations which have been designed and built 
specially for them . 
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XII I .  GARI MECHANISATION IN NIGERIA: THE COMPETITION 
BETWEEN INTERMEDIATE AND MODERN TECHNOLOGY 

by 
* P . O .  Ngoddy 

INTRODUCTION 

Gari is a dehydrated food product made from cassava . Of the 
traditional staple foods of West Africa , it is certainly one of the 
most widely known and it is eaten particularly among �he communities 
along the coastal belt , where it is known to contribute as high as 
60 per cent of the tctal calorie intake (l ) .  The present pattern o� 
production in Nigeria has evolved over the past 75 years and a reason
ably stable equilibrium in the division of labour and the structure 
of rural-urban trade relations has been established . However ,  two 
significant sets of factors threaten to disrupt this state of affairs . 
The first i s  a rapid increase in the demand for gari in the country 
in the face of what appears to be a static ,  or even a contracting 
supply. The secund i s  the imminent likelihood of a partial or total 
mechanisation of the production process . These two developments are 
interlinked, with the first generating tha second . 

In a free economy , and in the absence of any form of govern
mental intervention, the potential for innovation is related to the 
opportunity for earning a considerable private profit in mechanising 
what is at present a labour-intensive method with a low productivity . 
Given the wide divergencies which exist between net private profit 
and social benefit , innovation in this case assumes a great importance 
not only because of the pre-eminence of gari in the socio-economic 
framework of the country , but also because gari is the first staple 
food in the processing of which mechanisation is being introduced on 
a significant scale . What happens in gari mechanis�tion could set 
important precedentE in the processing of other basic foodstuffs.  

* 
Dr. Ngoddy is Senior Lecturer in Food Engineering and Processing 
at the UHiversity of Ife in Nigeri a .  

1 )  W . O .  Jones , Manioc in Africa , Stanford University Press , Stanford, 
1959 . 
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We are faced here with a classic dilemma of contemporary growth 
in a developing economy . A technological innova+ion is generated in 
response to a genuine national need The introduction of such an 

innovation is accepted as one instrument for accelerating economic 

growth while achieving a measure of modernisation in the local society . 
However , each step in the innovation process implies a series of 
trade-offs which must be made in social terms � and the challenge is 
to maximise the overall benefits of the innovation while minimising 
its ill-effects .  

It i s  in ��est o f  an answer t o  this dilemma in one specific case 
that an interdi--:: ciplinary research project was initiated at the Uni
versity of Ife iH 1972 to examine the impact of innovation in gari 
production in a number of spheres of the Nigerian economy . This 
project was undertaken in co-operation witl. the Science Policy Research 
Unit of the University of Sussex and is receiving general support from 
the Canadian International Development Research Centre ( IDRC ) . When 
completed it is hoped that a set of policy proposals will be produced 
for the Federal and State Governments of Nigeria.  At this stage , only 

a preliminary phase of the study has been completed and the present 
paper will therefore focus only on those aspects of the main issues 
which have been covered so far . 

CASSAVA IN TROPICAL AGRICULTURE 

Cassava , also known as manioc , is a widely gro�m tuber of the 
tropical world . It grcws best between latitudes 20° North and 20° 

South but can also be found as far North as 30° and as far South 
as 30° . Precise statistical data do not exist at the moment on the 
total world or regional crop . FAO estimates have placed the 1969 
crop at a world total of 91 million tons , grown on 9 .7 million hec
tares of land(l ) .  Africa with 36 million tons and South America with 
35 million tons were reckoned in that year to be the major producing 
areas . The other big producing centres are South-East Asia and India . 

Cassava is attractive to producers in these regions for a number 
of reasons(2 ) :  

a)  It is a hardy crop , able to resist extreme drought , and it 
is attacked only by leafY mosaic .  It is grown in many of 

these areas as a reserve foodcrop which farmers harvest when 
other more attractive crops ( e .g .  yams) are out of season or 
destroyed by drought . 

l )  FAO , Production Yearbook 1970 , Rome , 1970 . 
2 )  See T .P .  Phillips, Cassava Utilization and Potential Markets ,  

Research Publication No .o20, International Development Research 
Centre , Ottawa , 1974 . 
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b )  It is easy to grow. Small mounds are prepared , and a cutting 

of the cassava stem is planted . It i s  weeded once or twice 

and subsequently left unattended until it is harvested any

where from twelve to twenty-four months later. 

c) Its yield is high , ranking only second to plantain banana 
as the highest source of carbohydrates per acre of any 

tropical crop . 

d )  It has a wide range of uses , ranging from industrial starches 

and glues to animal feeCs and processed foodstuffs . As food , 

it i s  used in a variety of forms - flour , fermented mash , 

gari or simply boiled . 

GARI AS A FOODSTUFF 

In West A£rica , and in particular in Nigeria ,  the most commonly 

eaten form of cassava is gari . There are no precise statistical data 
on the production and consumption of gari in Nigeria .  However, various 

sources have estimated that the national consumption i s  between 1 to 

1 . 5  million tons per year ( l ) . Thls would indicate that more than 

70 per cent of the total cassava crop goes into gari manufacturing . 

Market turnover i s  estimated to be somewhere between 1 00 and 120 
million naira ner year ( i . e .  $150-180 million) ( 2 ) . These figures 

suggest that gari ranks among the top two most important staple foods 

in the country. It is without question the most important food in the 

South where it i s  often eaten once and sometimes more than once daily 

among the low-income , and sometimes the middle-income family groups . 

There is strong evidence that the spread of cassava has depended 

to a large extent on the diffusion of technologies for processing it 

into safe edible product s ( 3 ) . Historical documents show that cassava 

was introduced to West Africa in the 16th century by Portuguese slave 

merchants ,  but it was nc� accepted widely as a food unti l  three cen

turies later when freed slaves immigrating to this region from Brazil 

introduced a method of processing it into gari . With the advent of 

gari came a steady expansion in the production and cnnsumption of 

1 )  S e A  I .A . Akinrele ,  11Nutrient Enrichment of Gari11 , West African 
Journal of Biolo� and Applied Chemistry, Vol .lO (1) , 19 ,  196'7; 
I .A .  Akinrele ,  H • .  Joseph , R . O .  Okotore and F . Q .  Olantunji ,  
"Perspectives of the Protein Enrichment of Industrially Prepared 
Gari11 , paper presented at the High Protein Foods Symposium, 
University of Ife , 1971 ; and Federal Institute of Statistics , 
Food Section , Production of Ma.ior and Some Minor Crops 1960-1969 , 
Lagos ,  1970 . 

2 )  I A .  Akinrele , M .  I . o .  Ero and F . 0 .  Olatunji , "Industrial Specifi
cations for Mechanised Processing of Cassava Into Gari" , .EI1!!. 
Technical Memo No .26,  1971 . 

3) D . G .  Coursey , "Cassava as Food: Toxicity and Technology in 
B . Nestel and R .  Mcintyre (eds . ) ,  Chronic Cassava Toxicity, IDRC 
Research Publication No .OlO , Ottawa , 19'73. 
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cassava throughout West Africa . The basic formula for :_:.y, /��:-1, ·;_ng 
cassava into ' farinha de mandioca' ( a ga1�i analogue st ;_ �-�  .,.. . .  'el:,' 

eaten in South America ) appears to have originated from Ir;,_' i'3.n eth.?'lic 

groups of tropical Americ a .  It was one variant of a rar.;;� o.f techno

logies devised by Amerindians to detoxicate t.he <!.11,'7"'9 po..i.sonous varie

ties of cassava . 

The traditional processing method consi st:;; "'-'- -· ."1-e following 

stages . Both the corky '"lUter peel and the tt; :,. .:;;{ G·Jr-::-ex of thp cassavg 

root are removed manually with the aid � f _., ...-.. ' t ·.::hen knife and the 

root is then gra·c.ed by hand on home-mad;;; .:""';;.s·,-,ers into a pulp . The 

grated mash is dewatered on a primitive p!"2;: s  -�onsisting of weighted 

cloth bags in which the pulp is left for 3 ·.1r �- days . During this 

time fermentation and de-watering take 1Jl P. c •,; simultaneo�sly . Eorr.e

woven vegetable fabrics are used as a sieve to sift out the fibres 

and the ungrated ends and stumps . The dewatered pulp is then fried 

in a large cast iron pan over an open fire , with or without the 

addition of palm oil . The finished product is a dried granular mass 

with a moisture content of between 10 to 15 per cent . Besides its 

characteristic sour taste , one of its critical features is its 

ability to swell in water . Gari is usually consumed in two forms : 

either reconstituted in cold water and eaten more or less like a 

porridge or reconstit1.:ted in boiling water and worked physically to 

a soft dough which i s  ·�aten with vegetable soup and meat . In both 

forms it serves as a precooked convenience food , easy to keep and 

easy to prepare . 

The demand for gari has increased steadily since the turn of 

the century and part1cularly since World War II . This growth in 

demand is attributable to the rapid rate of urba:1isation and in 

particular to the growth in the cities of a new cJass of landless 

poor who consume income-inelastic foods . Since the Nigerian Civil 

War , all these trends have become more pronounced and have been 

reflected in the price structure . In Lagos for instance the price 

of gari has risen from about NlOO per ton in 1968 ($150) to above 

W200 ( $300) in 1971 . This rapid rise is far higher than that of the 

general price index ( from 123 in 1968 to 165 in January 1971) or 

that of the food-price index ( from 117 in 1968 to 186 in January 

1971 ( 1 ) .  This disproportionate rise is directly related to the in-· 

elasticity of supply which in turn results from the place of cassava 

in traditional agriculture and from the relationship between agricul

ture and other sectors of the economy . 

1 )  Report of the Fedaral Office of Statistics , Lagos , 1972 . 



THE LINK BETWEE! TECHNOLOGICAL INNOVA1'ION AND MARKET NEEDS 

For a long time following its initial introduction from Brazil , 
gari production remained primarily a householU operation character
ised by low dc:.ily output and high labour requirements .  As long as 
the r11rpose was to serve the immediate requirements of the farmer ' s  
family , there was no compelling pressure for far-reaching innovations . 

Things began to change with the development of the cities - a 

trend which can correctly be ·::raced to the establi shment of a per-� 
manent colonial administrative capital supplemented by a number of 
reg�onal headquarters. These 'townships 1 ,  as they were then called, 
constituted new centres of gravity , attracting people to new oppor
tunities for jobs and training . However the full momentum toward 

urbanisation was n0t realised until after World War I I .  Once military 

conscription got UP-,·��· -way in tfie war , the low cost and ease of pre
paration of gari combined to make it the most important component of 
the rati�n in army barrack s .  A scale of trade in gari completely 
·m:u .. own p1·ior to the war got underway in an effort to supply the 
large requi�ements of the army . In order to earn some cash, small 
producers (village housewives in most instances) s tarted to make 

more gari than was absolutely necessary to meet the family ' s  daily 
requirements . 

The first recorded attempts at innovation in the manufacturing 
o f  gari appears to have occurred in Francophone West Africa(l ) .  Some
time during World War II , the French assisted the Togolese in build
i�g small ' factories ' for manufacturing gari and tapioca. These were 
a considerable advance over the usual manual method . Each factor:· 
consisted of a small hand-fed rotary grater driven by a gasoline 
engine ,  batteries of concrete tubs for starch sedimentation , and a 

row of low wood-fir�d cookers for drying the product . The women in 
the villages used this improved equipment to prepare their own gari 
or tapioca. 

ThG engine-driven grater is believed to have found its way into 
Nigeria in the 1940 ' s .  This improved technology was welcomed in a 
handful of areas where its superior output brought demonstrable 
economic advantages to the producers supplying gari to the towns . 

LARGE-SCALE MECHANISATION EFFORTS kND THEIR SPILLOV£R 

Innovation in gari production was confined to the mechanisation 
.-of the grating stage until tb-� early 1950 ' s  when the newly established 

Federal Institute of Industrial Research (FIIR) in Lag·os initiated a 

1 )  S e e  W . O .  Jones , op. ci t .  
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ma,jor effort aimed at !Lcdernising the technology for gari processing . 
Evidence shows that full me....;henisation wa.c; the goal from the outset ( l ) .  
The justification for the project was to alleviate the drudgery of 
the traditional method,  improve both hygiene and quality in the pro
ces: and attain large-�cale production of a basic food required to 
feed the rapidly growing populations of the urban centres .  The aim 
was also to assist industrialisation in whatever way pos sible by 
generating attractive commercial opportu.'"lities which either priv.ate 
investors or the government could exploit . 

The earliest effort was directed at the development of a mechan
ical fryer. Failure to produce a prOduct acceptable to consumers as 
genuine gari led the Institute to the conclusion that its understand
ing of the chemistry of the process was incomplet::. . Fundamer!.tal 
research was henceforth ·xndertaken to study the biochemical changes 
whi ct� accompany the conversion of cassa�ta pulp into gari . Co-operative 
w0rk between FIIR and Professor Collard of the Department of Bacteri
ology at the University of Ibadan was initiated and subsequently 
elucidated the full sequence of changes in the fe�mentation of 
cassava pulp (2 ) .  While this fundamental work was in progress , engin
eers at FIIR , somewhat impatient w..�..t.h the slow pace with which resUJ..ts 
evolved on the biological side of things , completed detailed plans 
for a fully mechanised pilot plant around 1954. However , owing t� 
lack o£ funds , the implementation of these plans were abandoned till 
several years later . It was apparently in lieu of this mechanised 
pilot plant that a decision was taken tc develop a completely hand
operated process which would be superior to the existing village 
method . A comprehensive report giving the engineering details of 
the hand-operated systt·m was published in 1958(3) . 

Two major contributions were made by the research effort embodied 
in this report . The first was a detailed and simplified guide , includ
ing working drawings ,  for the local construction of me�hanical graters. 
This development was quickly popularised in the gari p1vducing communi
ties o£ Southern Nigeria through the active promotion of government 
agencies concerned with rural development (4) . Rural -carpenters and 
blacksmiths were soon manufacturing mechanical graters and the 

1) Report of the Department o£ �ommerce and Industries ?  Lagos ,  1950-51 . 
2 )  P. Collard and s . s  .. Levi , "A Two-staf;e Fermentation of Cassava" , 

� ( London) ,  Vo1 .1B3, pp . 620-621 (1959) . 
3) S . S .  Levi and C .B .  Oruche ���������fE-Xi!��o Scale Gari Making, FIIR 
4) 
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motorised tr1i t capable of grating several hundredweight of- cassava 
per hour rapidly found its way into village co-operatives . �ural 
entrepreneurs were encouraged by parallel developments in th� milling 
of ruaize and 1 lafun 1 ( a dehydrated piece-form cassava) where private 
owner-op£ raters of disc-attri tio�1 mills were doing a profitable busi
ness operating on a 'mill-and-charge ' basi s .  

Thi s type of operation i s  now commonplace in all rural commun i
ties where gari i s  produced fo:r commercial purpose s .  Large-scale 
co-opera�ive producers have their own mechanical graters . Alterna
tively, privately-owned grater.s mill the cassava delivered by cus
tomers in the neighbourh-:�od . Privately-owned mills of this nature , 
•_..rhich are used in the grinding of a wide v� ,,: <=!ty of food i <:.ems (beans , 
�ereal grain s ,  yams , pepper, tomatoes , onion � - cassava , etc . )  must 
rightly be seen as the · .arliest and still the most important form 
of' grass-roots food processing in many parts of West Africa (l ) . New 
arrAngements to encourage the use of mechanical graters 8re continu
ing to be evolved by private owners . One interesting development 
which has gained increasing im-portance in ret.::•nt y-ears is the intro

duction of an engine-driven mobile grater mounted on a 4-wheel or 
2-wheel trailer which i s  wheeled from one place to another to serve 
the custome: s .  

High user satisfaction has sustained a steady climb in demand 
for grating equipment . As a result . a wide variety of indigenously 
manufactured graters are now available . The Western N.igerian Techni
cal Company in Ibadan i s  the biggest manufacturer with an e stimated 
annual output of 300 to 400 machines .  There are other small companies 
making 20 to 50 units ar1nually . 'Ihe overall development in cassaYa 
gratini thus appears to be a balanced and effective one , not only 
from the standpoint o� economic success but parti�ularly when viewed 
from the standpoint of the potential linkages with indigenous tech
nological capabilities . 

The second significant contribution made by the FIIR work was 
the development of a successful multiple frying range for gari . The 
range consisted of four frying pans in a row. In the process of fry
ing , gari is transferred successively at 6-minute intervals from the 
c0ldsst pan next to the chimney to the hottest one next to a wood-fed 
fire-box . Sanitation and general working conditions were im�roved. 
Y�o women �perating the range achieved an hourly output slightly more 
tha� double the �raditional fryer . It i s  not clear whethel the mul
tiple-range frying technique was promoted as vigorously as the mech
ical grater . For if in fact it was actively promotedr it remains 
unexplained why gari producers , and in particular the co-operative 

1 )  Francis Aylward , Renort to the Government of Ghana on Foods and 
Nutrition, ETAP Report No .1449, J\ccra , 1961 .  
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operators have not taken advantage of its superior productive capa
city ( l ) .  The situation is rather interesting : her·� is a case of two 
_ 'mcurrent innovations with demor>strable labour productivity advan
tag<.·S , originating from the same source , in more or less identical 
circumstances . One of them makes a tangible impact , while the other 
turns out �o be a failure . 

Around 1957 the collaborative work with PrnfessrJr Collard began 
to yield definitive results and the two-stage fermertation of gari 
was elu::idated . Arm�d with thl.s knowledge , FIIR proceeded to develop 
a seeding tedmique suitable for use in large-scale mechani sed pt·o
duction . These fir£t significant successes gave a much needed impetus 
to the project . The 1954 proposals wn·e revised , equipment ordered 
and trials on a mechanised pilot plant initiated in 1960. The engin
eering problems proved no less difficult and protracted than the 
earlier ftmdamental research . By 1964 the hardware had undergone a 
series of r(!designs , culminating in a pilot plant which functioned 
more or less as follows . The cassava roots were placed in a \>later
filled concrete mixer adapted with wooden mixing arms . When the arms 
were set in motion , the rubbing of the roots against one another and 
against the side wall removed the outer corky tissue . The roots were 
grated in an impact mill and the resultant mash was put into aluminium 
tan_%s seeded with 4-day old cassava liquor and left to ferment for 
24 hours.  Next , the mash was centrifuged to reduce its moisture con
tent to about 50 per cent and then granulated and sifted to separate 
the particles and remove as much of the fibre as possible . The par-ti
cles were 'garified' - a process involving partial gelatinisation and 
drying to between 6-8 per cent moisture content in a cascading louvre 

dryer equipped with a patented garifying secti0n . 
In 1965 this 1-ton/day pilot plant was loaned to a group of 

entrepreneurs in Ijebu-Ode(2) . Beset with rising cassava price s ,  
difficulties in the frying process and frequent breakdowns , the plant 
was returned to FIIR in 1966. The Institute , which had made cost 
projections on a 10-ton/day plant , continued develLpment wo�k at a 
rather low profile on the frying unit . Progress is bel�eved to have 
been significantly slowed down by staff dislocations and other dlffi
culties associated with the civil var . Consequently it was not until 
the very end of the 1960 ' s  that the first major redesigned frying 
hardware , embodying a separate garifier and a separate dryer , was 
supplied by Newell Dunford Engineers , a British firm with a reputation 

1 )  According to officials of the Eastern Nigeria Development Corpor
ation , efforts to promote the adoption of the multiple range fryer 
did not yield much results .  It was believed that the equipment did 
not work satisfactorily . See P .  Kiloy, Industrialisation in an 
Open Economr - Nigeria 1945-1966 , Cambridge University Press, 
Cambridge,  � 969 . 

2 )  S e e P .  Kilby , op.cit . 
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in dryer manufac'Curing . This firm becamE:l increas.lngly involved in 
the hardware construction aspects of the project since it had supplied 
the first louvred drying kiln in 1960 . That kiln tad by now undergone 
a series of r�designs ( l ) . Further modifications were to follow, lead
ing in the 1970-71 period to a 3-ton/day capacity plant still in 
operation a·t FIIR and Living quite satisfactory results ( 2 ) . 

At the beginning of 1969 , a Lebanese entrepreneur fro� Gambia , 
Mr .  MRsri , approached the Tropical Products Institute (TPI) in London 
about setting up a starch factory ( 3 ) . The T?I suggested that he might 
consider gari production and put him in touch with Newell Dunford , 
who supplied Edgar Masri and Co .Ltd. with a 10-ton/day plant based 
on the FIIR design . The performance of this plant was faulty, sug
gesting that the developmental work on the hardware (the garifier 
in particular) was in·�omplete . After a dispute between the two parties , 
Newell Dunford undertook to bring th€' machine up to the specifications 
of the contract .  Th�s was achieved by 1972 with the active collabor
ation. of FIIR. 

A number of high level technical staff at the Institute visited 
Gambia curing this time on the invitation of Newell Dunford to assist 
the in�ensive R and t effort in progress the�e . The end product of 
this co-operative effort was the Mark III Newell Dunford gari plant . 
Its estimated cost in 1972 was £55 ,000 sterling - a considerable 
mark-up from t�e original £13,000 which Edgar Masri and Co .Ltd . had 
paid for the Hark I plant in 1969 . The present situation is that the 
Mark ::rr plant is functi--.'na: ly successful although its operation is 
hampered by the lack of '--.d-· · uate .supplies of cassava . There is also 
the problem of developing � local market for the product in Gambia . 

The fully mechanised technique as embodied in the Mark III hard
ware is in the process of being introduced in Nigeria for the first 
time(4) . The Ido ( Ibadan ) Co-operative Farming and Produce Marketing 
Society Ltd . with a membership of 132 farmers has completed plans 
for a vertically integraTed programme involving 5 ,000 acres of plan
tation which will supply all the cassava requirements of a fully 

Teclli,�cal Memorandum No .26, Lagos , 1971. 
3) A visit to Gambia by two members of the gari project team from 

the University of Ife enabled us to interview the owners of the 
Gambian gari plant . 

4) Chief Obafemi Awolowo gave a press conference on the 9th of 
November 1973 at the launching ceremony of the co-operative . The 
statement was later carried in several leading national dailies. 



mechanised gari processing plant . Planti.ng on nearly 2 ,000 acres of 

this land was completed in 1974 and the 1nstallation of the Mark III 

plant was in progress in 197 5 .  

THE ALTERNATIVE APPROACH : INTERMEDIATE TECHNOLOGY 

Because of the overriding commitment to full mechanisation from 

the start ) it is not surprising that the logical progression from a 

completely hand-operated process through a range of intermediate 

developments to the fully mechanised process did not materialise 

either at the FIIR or collaterally with its work elsewhere . Instead , 

intermedi.ate teclmology appeared on the gari scene as a one-sided 

reaction to the large scale , high cost and considerable sophistica

tion of the technology resulting from nearly 20 years of research 

effort at the Institute . 

The first sustained effort to develop an inter�ed1ate technology 

for gari processing has its roots in the Nigerian Civil War. Early 

disturbances in 1966 had resulted in large-sca1e repatriation of 

people of Eastern Nigerian origin from other parts of the Federation. 

Among these returnees were many scientists and technical people , some 

of whom had been involved in early developments of gari mechanisation 

at FIIR . Several of these scientists became part of a ' think-tank ' 

set up by the then Eastern Nigerian Government . For much the same 

reasons that make-shift refineries and distilleries were developed 

by this group , preliminary designs on a low-cost mechanical gari 

fryer were initiated . UnJer the circumstances o£ the war it would 

have been logical not to give priority to the development of a tech

nology for which a labour-intensive but otherwise effective alterna

tive existed . The development was in fact postponed , but after the 

disturbance s ,  the East Central State re-established this activity in 

a unit called PRODA ( Products Development Agency ) .  Since 1970, the 

work at the Agency has progressed through three prototypes . 

Some of the technicians of the ' think-tank ' drifted back to the 

Mid-West Stat e ,  where in collaboration with others they became in

volved in the mechanisation of gari . They formed a firm called 

Fabrication Engineering and Production Company (FABRICO) whose prim

aiy activities were in metalworking and furniture manufacturing. 

FABRICO then developed a motorised gari fryer which has been in com

mercial operation at I ssele-Uku (55 miles East of Benin) since 1971 . 

The first sale of the gari fryer to a government-owned company was 

made in the East Central State( l )  and FABRICO i s  currently developing 

three other machines for co-operatives and private operators . 

1 )  The customer was the Agricultural Development Authority (ADA) 
of the East Central State Gove�nment . 
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Both the PRODA and FABRICO machines are of similar design. They 

are simple and low-cost when compared to the FIIR design (which served 

as a catalyzer in their development ) . Both machines represent a con

siderable advance over the traditional method : in each case the fryer 

can handle one ton of finished gari in an 8-hour shift . The traditional 

technique , by contrast , has remained a manual operation , and the only 

significant inrwvation in the last 75 years has been the introduction 

of mechanised grating . For the rest it has remained totally insulated 

from modern scientific and technological improvements .  

The heart of the F . .!\BRICO machine , and its most signifi_cant inno

vation , is the frying unit . Tha man-hour output of 150 lbs is clearly 

phenomenal when compared with the 5 lb output uf the traditional fry

ing process .  This fryer can be described as a modified horizontal 

feed mixer. The original inspiration for its design had dawned on one 

of its developers while watching a horizontal feed mixer in operation . 

The machine is remarkably simple . All its components are locally 

fabri cated . It !s fired with wood and housed in an inexpe�sive open 

structure . 

The contrast with �he ND machine in Gambia is striking . The ND 
machine is characterised by its relatively sophisticated technological 

inputs stemming from Ne�ell Dunford ' s  long history of industrial 

expertise in the drying field . The ND-MK III plant is a package of 

20th century technology housed in a well built mortem factory . The 

garifyirig unit i s  a patented innovation , but the rest of its hardw2re 

is available for purchase as standard equipment in the international 

process engir1eering market . The main thrust for its development has 

been of the integrative engineering type . Although most of the basic 

research and much of the development work took place at FIIR, the 

hardware as it now stands is basically an imported technology . 

THE ECONOMICS OF INNOVATION(l ) 

As could b e  expecte� ; the ND-MK III plant costs a great deal 

more than the FABRICO plant . There i s  some difficulty in valuing 

each one since the commercial market has not yet m:lterialised . How

ever , on the basis of conversations with the respectiv� parties ,  we 

have valued the installed Gambian machine at Nl20 , 000(2 ) and the 

1 )  This section i s  based on a detailed analysis prepared by Raphael 
Kaplinsky of the Institute of Development Studies of the Univer
sity of Sussex with the assistance of the author .  Tt� full study 
will in due course be published elsewhere . 

2 ) Or approximately $180 ,000. Newell Dunford published a feasibility 
p�ojection on the MK III plant in 1971 . However the Ido ( Ibadan) 
Co-operative Project has estimated the cost at a much higher level . 
S e e Chief Awawolo '  s press release . 
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FABRICO equipme-:t t at NlO ,OOO( l ) . If anything , these figures over

state the cr:>st of the local intermediate tecP..nology and understate 

that of the imported fully-mechanised technology . When operating at 

full capa�ity (three shifts per day ) , the FA�RICO plant produces 

3 ton� of finished gari a day and reqt:.ires 1..� workers ; the I\TD plc.nt 

produces 10 tons o f  gari with 83 people . 
' 

Both techn;iques are 'basically efficient: the- FABRICO machine 

has a some.,.!he.t higher, prodlfctivi ty of c1:1pi tal , lYJ.t this is counter

balanc�d by the highe_r productivity of labrm.r in the ND machine , and 

dll other things being equal , one techno1 ogy i s  as 
'
good as the other . 

This :iist conclusion must be qualifi�d .  If one assumes that the two 

machineS nre operating not at 100 per cent capacity , but at 33 per 

cent (a more realistic asSumptivn) ,  the production costs per +:on o! 

gari are rf!latively higher with tf1e ND machine ( 2 ) . A number of fac

tors account for thi..J : :t-he �FAERICO machine ' s  comparatively high 

efficiency in terms of capital productivity , the smallnef:!; of ND ' s 

advantage in labour producti.vi ty , the efficient use of ra·� materials 

in the FABRICO process , and the relatively high wages pa;Ld tc workers 

of the ND plant . 

An entrepreneur planning to set up a gari factory can choose 

either one of- the two technologie s ,  but the decision ir: far from 

simple. Viewed in the p.er.::>pective of pri v?te optimality , his choice 

will depend on a number of f&ctors , and in particular vn the cost of 

labour and the interest rates 0n borrowed capital . I f  the plant is 
to be se-t up·· in a rural area � wher-e wages are low • the : F ABRICO 

macli
ine is clearly more profitable . In -urban areas , wheJ'•e salaries 

are higher but a qualified labo•Ir force more easily availab l e ,  the 

ND machir .. e i a  a "t?ette.r choice . The higher the prevailing interest 

rates , the greater the comparative aavantage of FABRIC0 1 s  inter

mediate technology . Taking these two constraints into �ccount (wages 

and interest rates ) , one can draw a boundary line between the two 

techniques and show at what level of salaries or interest rates a � 

switch-over from one tecl-'.Jlique to t:he other becomes inevitab1 e .  

The choice between the t�o techniques can also be made on the 

basis of social optimality . In this case , the cri i;erion is not the 

profit made by the individual entrepreneur , but. the bene:fit a cc·,�uing 

+;o the country as a whole . Measurements <�.,�f social optimality tend �-? 
be rather shakY , for they are based not o�1 market prices ( for wS.ge s ,  

1 )  Or approximately t15 ,000 . The ADA paid �3 , 500 {$5 ,250) fo:.' the 
FABRICO machine in 1973 . Two additional FABPICO units were sold 
to a private owner for Nll ,OOO {$16 , 500) . 

2 )  At full capad ty , the production cost o.f one ton of gari is N97 . 5  
for the ND machine and N74 . 6  for the FABRICO machine . I f  capacity 
utilisation falls to 33 p�r cent , the costs are Nll2 .7 and N81 .8 
respectively . In ·the first case , the ND machine 1 s production costs 
are 31 p�r cent higher , and in the second case 38 per cent higher . 
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raw materialE ,  etc . ) but on ' shadow' prices and 'opportunity' costs . 
Furthermore they introdt!c.e a certain number of qual.itative factcrs -
for instance the social value of indigenous innovations or the neen 
to penalise imports · ·  which can be quantified only in a very rough 
way . Despite their shortcomings , such calculations are important both 
for the policy-maker at the national level and for the managers of a 
country ' s  R and D laboratories , for they try to take into account 
what might be called the national inter·est . They also show that the 
social utility of an innovation is not necessarily the same thing 
as its private utility. 

In the case of the ND and FABRICO machines , these calculations 

of social optimality - based on shadow wage rates , foreign exchange 
conservation , the value of indigenous innovation and the effects of 
innovation on the price of gari - all tend to ·show �hat the FABRICO 
machine is more attractive than the imported ND me.c:nine . In other 
terms , the conclusions yielded by a social optimallty analysi.s happen 
to go in the same direction as those suggested by the e3.rlier private 
optimality analysis . This of course does not mean that private entre
preneurs will necessarily all choose to use FABRICO machines in their 
gari plants:  in a free market economy , it is very difficult to inte
grate social optimality into the price system, and business decisions 
are not based entirely on a rational analysis of the available 
economic data. 

OBSTACLES AND INCENTI;�s TO INNOVATION(l ) 

The fact tt �t there have been some innovations in gari production 
in Nigeria over the past 40 years confirms that there are profitable 
opportunities for innovation. However , there are also a number of 
institutional , organisational and managerial obstacles . The FIIR 
suffers from the traditional weaknesses of scientific institutions 
in developing countries. Poor financing , red tape , excessive staff 
mobility and the lack of internal co-ordination are among the main 
obstacles to the application of science and technology . Wbat is per
haps even more important is the fact that these weaknesses effectively 
prevent or slow down the development o f  what might be termed a 
11reaJ ..... ised dem.1nd" for scientific and technical knowledge . 

Of equal interest to our curr�nt concern are some of the more 
subtle and largely unexplored aspec..f::-s of underdevelopment . There is 
evidence to suggest that in the case o f  gari , the basic simplicity 
of the necessary innovation may have been obscured by the professional 

1 )  Many of the ideas discussed in this section have resulted from 
interaction with various members of the Institute of Devel:,pment 
Studies , University of Sussex , England . 
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complexity of the work done at FIIR and Newell Dunford . The high 

degree of scientific and professional attainment of FIIR staff is 

at the basis of the high level of �.tcientific inputs in the ND tech

niqu� . The preoccupati on with full mecr:.anisation from tht� start is 

partly a reflectton of the dominant national mentality at the time , 

but also partly a reflection of the fact that resbarch officers con

fronted with a problem have delved into their vast stock of techno

logical knowledge f,')r an answer.  Armed with a comprehensive knowledge 

of a wide assortment cf pro�essing operations , they were inexorably 

propelled in the same direction . The outcome is a technology package 

which appears to have give� very scant attention to the environmental 

conditions in which it is to be used. 

The obvious discrep-:mcy between the resource-mix for which such 

modern technology was designed , and the actual resource-mix which 

exists in a developi.ng co1.ntry like Nigeria places this te�hnology 

at a fundamental d i sadvantage . This approach to design also presup

poses the ready availability of complementary production fac·tors 

like workshops ,  materials and highly qualified manpower . Because 

these factors were not available , Newell Dunford Engineers became 

involved as co-developers . The outcome of this relationship raises 

a nagging question : to what extent have FIIR in particula� and 

Nigeria in general , gained from their share in the in�.rentive and 

innovative process? The term 'gain ' referred t� here does not pertain 

primarily to property right s ,  although this is important , but concerns 

the de'velopment o f  an indigc:mous technological capacity and the 

ability to make it a cumulative and self-sustaining process .  At the 

moment , the answer to this question remains at best uncertain . 

In contrast to the above picture , and precisely because it 

lacked high-powered sci.entific a.YJ.d engineering skill s ,  FABRICO was 

able to see through the ' skeleton ' of the problem. As a consequence ,  

the simplicity o f  the FABRICO hardware blends it naturally into the 

rural environment in a way that the ND technique cannot . Qualitatively , 

it represents a purposive development in the historical process of 

innovation but it does not conform to the slow pace of change which 

is· generally characteristic of traditional technology . It has been 

aided from abroad in its conception but retains its indigenous char

acter. In this sense ·a positive transfer of technology has taken 

place and there have been indisputable gains in indigenous techno

logical capacity at the grass-roots level . 

The w.eight and orientation vf science and technology in the 

advanced countries might have a decidedly negative impact on the 

development o f  technologies which are appropriate to the specific 

requirements of the developing countrie s .  In the gari case , there 

has be�n a double-edged ' blinding ' effect which derives directly 

from modern engineering approaches to process design. The spectrum 
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of svailable high-cost components from which sub-units were selected 
by FIIR and ND for the integrative design effectively precluded a 
consideration of low-cost , labour-intensive alternatives .  In the 
FABRICO case, the lack of conventional engineering knowledge , par
ticularly of modern techniques of design optimisation , resulted in 
a relatively efficient , low-cost and labour-intensive machine whose 
functional pctentiali�ies , we strongly believe , has not been fully 
exposed . We cannot , howeve·r ,  condone the ignorance implicit in 
FABRICO circumstances as a means of ' setting the mind free ' to inno
vate without the sometimes stifling effects of formal technical edu
cation.· The continued lack of these basic sKills will , in the long 
run , impede the development of the innovative potential of organis
ations such as FAERIC O .  

Under present conditions everything appears to conspire to 
prevent developing countries from selecting , even from the existing 
spectrum , the Cdpital-saving and employment-generating technologies 
which may be optimal . The consulting firms which they employ in 
preparing projects ,  making feasibility stu"ies , drawing up specifi
cations and exami:ti.ng tenders are all steeped in the technological 
outlook and traditions of the richer countries . The same is true 
also where local professionals are employed since their basic out
look derives from the same dominant monolithic orientation in science 
and technology . What is needed among other thi�gs is to politicise 
scientists and engineers in research institutions like F'IIR to a 
point where social optimality takes on a new importance in their 
design considerations . 

THE SOCIAL IMPACT OF INNOVATION 

We can now attempt to evaluate the likely impact of innovation 
in cassava and gari production . At the one extreme are the existing 
traditional techniques for producing cassava and gari . The processes 
are very labour-intensive but there is no clear j dea of the oppor
tunity cost of this labour. The distribution of income i s  largely 
a reflection of the division of labour between the sexes (men produce 
cassava , women make and sell gari ) .  The concentration o� income is 
not great , Gut there are indications that distributive margins have 
increased in real terms , thus transferring income from producers-, to 
marketers . There is no clear idea of the sav1ng propensities of tl-_ese 
two groups but it is \mlikely that a significant proportion of this 
money is reinvested . At any rate , investmen� is likely to be located 
within the immediate area s ,  and most of it probably goes to exp�ding 
marketing activities. Innovation is neither rapid nor widespreao and 
the pattern of social relaticns, while by no means static ,  has evolved 
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over the past 100 years in such a way that the production of cassava 

and gari has become an integral part of the social system . 

At the other extreme , the fully mechanised plant is likely to 

have wide-�anging consequences . The plant producing 3 , 000 tons of 

gari per year requires only 83 workers and will displace a large 

number of people . There will also be a substantia:" displacement as 

a result of mechanisation in cassava production although the extent 

of this i �� not known . The effect of this upon other crops depends 

on the s=as..;,nal availability of agricultural labo'J.t" . Income from the 

production of gari will be redistributed from women producers to �he 

owners of the plant and its workers , and only a small number of the 

latter could be the same women . 

In the pro�·.Jction of cassava , income will be redistributed frcm 

peasant farmers to the owners of the plantations , the agricul�.ural 

labourers ( some of whom could be the same f�rmers ) and the producers 

of the equipment , w:r..o are predominantly foreign . The concentration 

of inccme Will increase significantly, since it is very likely that 

both mechanised cassava production and mechanised gari manufacturing 

will 'b� in the hands of 'the same entrepreneurs. The growth of employ

ment and output will depend on the investment propensity of this 

innovating group . The total investment will at any rate be higher 

thau with the existing producers . 

The location of new investment ·.-·ill depend on profit opportun

iti e s ,  but it is unlikely to be a .. - l cally-centred as it would b€.· 

with small-scale producers . T�e trickle-down effect of innovation 

on peasant producers will be virtually zero . However, the success of 

this innovation will influence future innovations by the same entre

preneurs or others organised in an identical fashion. The displace

ment of peasant farmers will increase the speed and extent of class 

formation in the rural areas . If the fully mechanised plant i� 

owned by a co-operative , it will have less marked effect on the con

centration of income and the extent and location of new investment . 

Co-operative ownership will slow down and change the pEttern of rural 

class formation but i s  unlikely �o result in significant differences 

with regard to other factors . The organisation of successful co-oper

atives must be recognised as one of the main difficulties here. 

Intermediate tec��ology innovation in cassav& production can 

take either one of two institutional forms - peasant co-operatives 

or core-plantations complemented by peasant producers . In each case, 

there is no major imperative for mechanisation, although the private 

profit inherent in mechanisation may make it ettractive to individual 

innovators . Growth of output and employment will be affected by the 

investment propensity of the groups involved , but the core-plantation 

arrangement is more likely to result in investment outside the 

locality . Both forms of organisation will affect social relations and 

the process of rural class formation , but the co-operative system 

should be less disruptive . 
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XIV. APPROPRIATE TECHNOLOGY IN GHANA : THE EXPERIENCE OF KUMASI 
UNIVERSITY ' S  TECHNOLOGY CONSULTANCY CENTRE 

by 
* 

B .A .  Ntim and J .W .  Powell 

DEVELOPMENT GOALS AND THE PREREQUISITES FOR DEVELOPMENT 

In a recent conference on international co-operation in rural 
development in Africa( l ) , it was generally agreed that the basic aim 
of development 'ltas to raise the social and economic level of the 
rural populations and that in order to achieve this , there was a 
need for better infrastructures in fields like education, health, 
shelter, water supplies and employment . The conference also stressed 
the following elements of an integrated rural development strategy : 

* 

1 )  

a )  At the local- level , there i s  a major need for detailed sur
veys of the economic ,  social and technical resources of the 
community . Such surveys which must be made as far as possible 
with ·full partlcipation _of the local population, are the 
basic way to identify the . most urgent needs and to help in 
the implementati'on of new development 'i)roject s .  

b )  Since the main occupation in developing countries i s ·agri
cul ture , ·the starting point for development- lies in the dif
fusion of improved production techniques ,  the supply of more 
appropriate agricultural implements·, a wider use o f ' fertilis
er.s , b�tter animal husbandl-y· ·and the provision of services 
such aS storage · .facili tie's and supplies of · improved seeds . 

the es·tablislmle•n,t: .• · . .  · •..•••.. J�\ c )  Additiona�ly_, __ i_t __ 1-s.;e�sen�i-�1- _t�_ -�IlcoUrage 
of small�scale industries · in fields. like meta1w�rkirig: , car-
pentry , and food processing 't·o support the agricultural Sec:... 
t_Or ·anq. t9 meet the })a,sic,-ne_ed,s. :o:r -the. -lo_cal -popuhttion . 

Di' . J ." _W • .  Powell ·is the dii'ector , '  and ·_'Dr . B .. 'A'. Ntim· the_ deputy 
director.of the Technology_ Consultancy Centre of the University 
of Sc.ience and Techno�9:

gy in -Kuma 51 , ·  Ghana . 
Report of the· Third .Sub�Regional Wo.rkshoP on InternationBl 
Co�operation in Rur.al - Develop_ment i_n - .Africa, - sponsored by -the 
Economic Commission. for Africa (Report No .. E/CN .14/SWCD/66) ,  
November. 1974 . · 
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d )  Continued intensive multi-disciplinary research programmes 
on rural development should be set up to identify the major 
innovation needs . The objectives , scope and nature of such 
programme� must in the first instance be explained to its 
potential beneficiaries . 

e) United Nations agencies , national and international voluntary 
agencies could , whilst co-operating with governments, play 
a useful role in the promotion of rural development by under
taking and financing the feasibility studies for .:-.uch project s ,  
providing technical experts t o  help in the promotion o f  rural 
development , and assisting rural training centr&s and national 
information services in the collection and dissemination of 
information on rural development . 

Essentially the conference called for an integrated approach 

to the development of rural areas and emphasised the fact that the 
choice of technology to be applied in these areas must take into 
account the nature of the production process , the availability of 
raw materials and manpower , the size of the market and other economi� , 
social and c·ul tural factors . 

During the ee.rly years o.f technology transfers .from industrial

ised nations to developing countries ,
' 

much frustration was suffered 
by the latter group because whole industries were imported unmodified 
without due regard to the local economic and technical resources. 
Tha case of agricultural machinery is a typical example .  A.fter ind�
pendence ,  a great many countries increased their imports o.f agricul
tural equipment for supposedly boosting up agricultural production. 
this machinery could not be used and maintained fo� any length of 
time, due mainly to the lack of technical know-how and to insuffj cient 
maintenance , not to mention the fact that most of the machinery had 
nearly reached the end of its useful working life . Furthermore, agri
cultural pilot projects which were .financed by industrialised coun
tries and directed by .foreign experts used equipment and methods 
which were completely unknown in the ,roject area and which met with 
the disapproval o f  tne local popuLation . Failure was the inevitable 
end result . 

It is not surprising therefo�e that � call was made at the 
United Nations .for UNCTAD to lay down some conditions for the trans
.fer o.f technology to developing countries and in particular .for the 
inclusion in any transfer of those elements of technical know-how 
which are normally required in setting up and operating new production 
facilities .  
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MODERN TECHNOLOGY AND ECONOMIC DUALISM 

We are all aware of the growing g�p between rich and poor nations 

and , within developing countries, of the gap between the towns and 

the rural areas . High rates of unemployment , massive migrations to 

the cities and excessive dependence on imports from the industrialised 

countries are common to almo�::t _ all developing countries . These problems 

are among the many well known manifestations of what has rightly been 

called a dualistic economy . What i s  perhaps less obvious is that this 

dualism has a lot to do with technology , qnd in particular with the 

import of capital-intensive labour-saving technology which requires 

a high level of skills , a sophisticated educational �.nf'rastructure 

and a well developed maintenance and support system. 

It is obvj ous that developing countries need certain large-scale 

industries based on modern technology , were it only to produce the 

goods which would otherwise have to be imported . However these indus

tries do create problems , and their promotion must be analysed in a 

more critical way than heretofore . This is particularly true in the 

case of a country which , like Ghana , suffers from a chronic shortage 

cf foreign currency . In that country, the cement , suga r ,  beer , tobacco 

and eoap inddstries , whiGh rely either on foreign raw materials sup

pL.es or on foreign maintenance support , are all operating today &t 

less 1:han 80 per cent of their capacity , and in some cases even much 

less . After se-,reral years of operation , the production level of the 

sugar industry for instance is still at 10 per cent of its me_ximum . 

Cane production has not managed to keep up with the demands of the 

cane crushers and it is doubtful if the full capacity of the machinery 

'\o'lll ever be used before the best part of it is scrapped . 

The use of highly productive modern technologies in situations 

where their products compete with those of indigenous crafts ( e . g .  

textiles produced by weavers o r  pottery marl� by local potters ) results 

in the destruction of these crafts and reduces the number of people 

required to satisfy the need concerned . This is often without any 

overall economic gain to society. Modern factories have to be located 

in urban centre s ;  the little ecploymer _t they offer is created in the 

metropolita� areas whilst their establishment causes unemployment 

mainly in the countryside . 

The widespread adoption of highly advanced technology as a means 

of development in all sectors of the economy is not possible because 

of the constraints imposed by the lack of capital,  the shortage of 

technical and managerial manpower, and the cost of processed raw 

materials . 

Th.e problems of modern technology may be met by adopting a 

strategy based on appropriate or low-cost technologies which i�volve 

low capital costs per work place, per unit of output and per machine , 
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and a heavy reliance on local inputs , both in manpower and materials .  
The experience of the Technology Con�ultancy C€ntre in Kumasi , Ghana , 
shows how such a strategy might be i�plemented and brings to light 
some of the problems of diffusion of low-cost technology . 

OFF-CAMPUS BUSINESS GENERATED WITH THE DIRECT ASSIST��CE 
OF THE �GCHNOLOGY CONSULTANCI cENTRE 

The Centre was set up at the University of Science and Technology 
in January 1972 to make available to the public the expertise and 
resources of the University and to promote the industri�l development 
of Ghana . The Centre has concer ... ·.;rated m11Ch of its effort on the 
development of small-scale inc".ustries , as can be seen from the follow
ing case studies . 

a) 'l'he manufacture of st.ider glue - Mr . f� . K .  Baffoe sought the 
he� p of the Centre in 1972 fer the development of a formula to manu
facture paper glue from cassava starch and alkali fro� plantain peel 
two raw materials which are in abundant supply on the local market . 
The Centre provided the technical know-how, built a production plant 
capable of producing 40 gallons of glue a day and assisted the entre
pr�neur in obtaining a rinancial loan . Within a year t the entrepreneur 
was supplying the best part of Ghana ' s  needs for glue, thereby saving 
substantial amo�ts of foreign currency . Additionally , this project 
is providing employment to some 25 rural d.wellers who would othenrise 
be unemployed . The currently envisaged expansion of this project is 
likely to bring an end to imports of glue and the prospects for 
exports are very brigh t .  In fact , the entrepreneur has concluded an 
agreement to manu�acture the product in the Ivory Coast , and Senegal 
has placed a token order to sample the local market . This project is 
likely to lead to the development and adoption of other technologies . 
For example , there are arrangements to manufacture locally the plastic 
containers which have tv be imported and which often run short on the 
local market . 

The glue project is nutstanding in that after the development 
of the glue formula , most of the remaining work (production , know-how 
and market research) was carried out by the entrepreneur who kept a 
close contact with the Centre for advice on industrial production 
methods and management . 

b )  The Scho�ls Scientific Import SUbstitution Enterprises (SSISE) 
In October 1973 the Centre imported two machine tools for SSISE � The 
first was an 8 inch centre lathe and the second a high-speed wooden 
handle turning machine.  The latter is capable of producing wooden 
handles for chisels , files and screwdrivers at a rate of 200 per hour . 
Some instruction has been given to SSISE employees in the production 

- 279 -



of handles an�. the fitting to chisel blade s .  The use of good quality 

tropical hnrdwoods should enable the handles tJ be exported tv B�·itain , 

which has al:-eady placed a large order. The only problem now is to 

produce these items at competitive export prices . SSISE have also 

con"':ributed enormously to the building of soap plants originally 

designed in the Centre and which are being installed in most parts 

of the country. They have manufactured all the platforms , soap moulds , 

cutting tables , lockers , duck boards and tressels .  Another project 

in which SSISE has been involved is the manufacture of "the broadlooms 

for village weavers .  More than 45 of these looms , whicP cost a�vut 

$100 a piece , have been produced by SSISE since the middle of 1973. 
c) Other pro.iects - The Centre has given assi stance in various 

forms to numerous other pecple . In many cases , there was no feedback 

concerning the effect of technical advice or other assistance rendered . 

In several cases , products were submitted to the Centre for analysi s .  

This work was una�rtaken in the Faculty o f  Science and the client 

was advised if the quality conformed to the National Standard and , 

tf not , how an improvement might be made . 

The chemical starch production for laundries was a typical case 

of the above request . A local entrepreneur presented to tlJ.-e- Centre 

a sample of larmdry starch prepared fran;. cassava !:tarch and the 

alkali from a wild plant . The sample was tested and found successful . 

The Cen'" :�e then proceeded to advise on a process plant for commercial 

production, and market research was conducted in the commercial 

centres of the cormtry. Presently sufficient orders have been received 

for purchase of the chemical starch and arrangements have been final

ised to secure a bank loan to produce the starch on a permanent 

commercial basis. 

Some clients ask for help to improve their existing skills ,  

others for technical assistance to set up import-substitution produc

tion units and still others want to know where they can obtain pro

duction equipment or packaging materials . Sometimes these questions 

are quickly answered but in other cases they entail lengthy enquirie s .  

Often , no satisfactory answer i s  available because o f  the difficulty 

of importing essential equipment or materials . 

ON CAMPUS PRODUCTION UNITS AS A MEANS 

OF PROMOTING SMALL-SCALE INDUSTRIES 

When the need for a new product i s  identified, but local indus

try is reluctant to take it up for various reasons , the Centre some

times chooses to establish a small-scale production 1mit . Basically, 

these units have the following aims in mind : 

- to train craftsmen and managers in the skills of the new 

industry ; 
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to complete pre · r development under production conditions ; 
- to test the mr··�t�( -· for the pr-oduct ; and 
- to demonstrate t - .trepreneurs the via"bility of a new 

industri� � activi � y .  
So fc:. .;here are three o f  such units i n  the Centre ·o-:- the 

manufacture of nuts and bolts, pale bar soap and weaving i+ �ms. 

a)  Nuts and bolts 

In the case of nuts and bolts.,  a R  much as half a million dollars 
worth are imported into the country each year , and until the Centre 
started up production , there was no establish�ent in the country 
which produced them in any quantity on a regu .ar basis . The little 
amount which was produced by local blacksm.J. a-� was usually of very 
poor quality . \'lith the establi shment on the campus of this production 
unit , which use� second hand imported machines , all the production 
and commercial problems associated with the enterprise have been 
studied , analyse1 and documented(l ) .  The quality of the products i� 
as ge-ed as the imported item, and marketing is the least problem . 
What remains at this stage is the transfer of the technology from 
the campus � Several enquiries have been received from interested 
entrepreneurs who , at a glance , perceive the advantages of pilot 
production units .  The diffi�ulty with the transfer of this technology 
lies with the importation of the necessary machinery . However , efforts 
are being made to secure import licences for entrepreneurs to bring 
into the country machines similar to those used in the pilot produc
tion unit . 

b )  Soap production 

The soap market in Ghana is quite erratic . The main producer 
of soap in the country is Lever Brothers Ltd "  who use mainly imported 
raw materials (oils , caustic soda and additives) . At the present 
world-wide high inflation levels ,  these imported materials are rising 
in costs. However, the price of soap products is state controlled 
and consequently there are frequently time.s when these products can
not be produced at the controlled prices . As a result there are 
shortages of soap , especially in the rural areas.  

The Centre therefore embarked upon a project to develop a simple 
plant for making soap in bars f'rom locally available raw_ materials . 
Its � ant uses caustic soda produced from local slaked lime and 
s ><:! · "-- - ·.arbonate .  The forr1er is a waste product frvm a local firm 
wh,_ · �-s the latter· is imported, but it is easily available at prices 

1) Technology Consultancy Centre , Second Annual Report on the Steel 
Bolt Production Unit , Kumasi , April ?.974. 
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much lower than those of imported caustic �oda . A pilot soap plant 
has been built on the campus and it is being used to instruct poten
tial soap makers who are planning to install plants in different 
parts of the country . AdditionallY, a soap factory has been built 
by the Centre to house a soap co-operative society in a village five 
miles from the campus . A follow-up of this project at the village 
level is the establishment of an oil palm plantation and an oil mill 
to feed tLe factory . The successful implementation of the plantation 
and the m: .. ll should completely eliminate unemployment in this village .• 

c )  The Broadloom Weaving Project 

The traditional loom of the Ghanaian weaver is capable of weav
lng a width of 4 inches only . The development of the 40 inch broad
loom on the campus arose from the need to increase +-he pro1uctivity 
of the village weaver . The production unit on the c�mr· lS hes trained 
a numbei· of weavers on the broadloom who have returned to their 
villages . The cost of the broadloom with all the accessories is only 
about $ 1 50 and consequently the rate of transfer of this technolog} 
has been much nDre -�apid than it has been for nuts and bolts and 
soap production. However , the high cost of yarn makes the weaving 
venture rather unprofitable . 

ECONOMIC ANALYSIS OF THE CENTRE ' S  PROJECTS 
AND THE NEED FOR TECHNOLOGY PACKAGE 

The following table shows some of the basic data on the pl'Ojects 
undertaken by the Technology Consultancy Centre or with its direct 
assistance . The glue and nuts and bolts are manufactured in existing 
buildings and the figures have been adjusted to make provision for 
h01lSing these projects in a factory, as is the case of the soap 
manufacturing co-operative . 

The small soap plants and the glue and weaving projects are 
typical cottage industries , as may, be deducec;i from the figures of 
this table .  They all .need less than $1,000 :of .imrestrDent_- in: __ .· :Plant 
and machinery per worker. and a total _of ,$5 �000, �nough to establ�sh 
a small plant . They - all rely_ .on l'Jpal _supplies _ of raw m�ateriials and 
consequently the ·h�rizontal transfe� of 

_
_ 
.
:the.· '.te:chnol�gy - is easy and_ 

rapid . Another point i s  that the ·profitability_ o£ the glue .and_ soap 
manufacture is relatively high -arid offers- a us·e:ful 'incentive· for· . -_a 
quick transfer of the _technology . On the-- other harid , -_because . ·.of_ the 
high cost of yarn , the profitability of-: the· w�aving prOject . i s  quit_e 
low . 

The ·nuts and ·bolts man�f- Gture -is quite clearly a ?apital in�e�-.' ' 'c: 
sive ventur2 , relying , as it does, on the importation of. machine 
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BASIC DATA ON THE TECHNOLOGY CONSULTANCY CENTRE'S INDUSTR!f ; . PROJECTS 

Glue Nuts Soap Small Soap Weaving 
& Factory Plants Project 

Bolts 
(l) (l) (2) (3) ( 3) 

Total Invest-
ment Required 
(Land,_ Build- 50 ,000 150,000 50,000 4,000 4,000 
ings ,-.'Plants 
& -Machinery) 
Irivestment in 
Plant & 6 ,000 100,000 8,000 3,000 3,000 
Machinery 

I Total Employ-
_ment -(Number 50 45 15 4 24 
of workers) 
Total Invest-
ment per worker 1,000 3,300 3,300 1,000 167 
Investment in 
Plant & 120 2,200 530 750 125 

·MaChine'ry per 
-Worker 
Aimual Turn-
over 300,000 144,000 200,000 50,000 24,000 
Turnover per 
worker 6,000 3,200 13,000 12,500 1,000 
Profitability Good Fair Good Fair Poor 

All figures are given in Cedis; 1 Cedi (¢)  = $ 1.15 
1) Additional capital costs in building have been added to the 

present level of investment. 
·'2) This level of - production, which will provide 30 per cent of the 

country ' s- requirements, is about ten times the present level of 
production. 

3) Prqduction is at the cottage indus�ry level, and only needs a 
shed as shelter. 

tools, _even though the raw material inputs are locally available. 
There have been several inquiries from entrepreneurs who want tc go 
j,nto this venture but until now the technology has not been trans
ferred. This is,  clearly due to the large initial capital requirements, 

-�d-dn pa�icular to_ the need for foreign exchange. Important efforts 
are_:.:never:theless··}:>eing IJUide .  to establish this industry outside the 
c_amP\.!:S .• 

Thre_e· guidelines have helped in the rapid t_ransfer of technology 
UniVers.i_tY Campus to the public. The first one is that the 

particular technology should come from 
entrepreneur who must keep in regular contact with the agent of 

< chanl>e throughout -t;he development of the technology. The second is 
t�at, al1 _ inputs '(i .e. raw -materials, financing, etc.) 

'""'+ as -· far· -as -pO'ssible .be available locally. _The thir4 is that the 
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Centre should always be ready , when tbe need arise s ,  to extend its 
assistance on production and management. 

The above factors came into play in the successful establishment 
of the glue project which now has a production level of .$20 ,000 per 
month and supplies about 80 per cent of the country ' s  requirements .  
In this case , the Centre helped in the development of the glue formula, 
built a process plant , assisted the entreprenP.ur in securing a banking 
loan , assisted in costing the comm.ercial product and finding a market. 
Many projects ,  however,  have failed because of the disregard of the 
above guideline s ,  and in particular because of the lack ol regu� ar 
contact between the entrepreneur and the agent of chang�. 

INTERNATIONAL CO-OPERATION IN RURAL INDUSTRIAL PROMOTICN 

International co-operation is indeed not new to developing 
countries. In the case of the Centre ,  much help has been obtained 
from external sources in the United Kingdom and the United States 
through the Intermediate Technology Development Group , VITA , volun
tary agencies and universitie s .  In the specific field of development 
of low-cost technology , four areas for co-operation may be identified: 

a) Research 

International co-operation could be improved in a number of 
ways . The research laboratories in advanced countries could accept 
for instance , as one of their task s ,  to undertake research work 
directed to the development of technologies for rural areas in 

dP.veloping sountries. Developed countries could also assist in the 
financing a,nd establishment of research and development activities 
in developing countries directed to the development of specific 
technologies ,  with suitable arrangements for secondment of experts 
and counterpart training. 

b )  Manpower Training 

In the developing countries there is a shortage of technical 
manpower capable of developing appropriate technologies to suit local 
needs . International co-operation could be improved if industrialised 
countries were to accept an expansion and improvement of their facil
ities for educating and training technical people from developing 
nations. 

c )  Regional Co-operation 

Technical contacts between individual developing countries and 
industrialised countries are widespread. However, there is little 
conta:�t between neighbouring developing countries and consequently 
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there is much duplication of activities in development work . Agencies 
for the promotion of industrialisation in rural areas should place 
much more emphasis on the development o� closer working relations 
with their counterparts in neighbouring countries . 

d) Forms of Technology Transfer 

Attempts should be made in developing countries to specify in 
detail the areas in which technology transfers from the industrial
ised countries are most needed , as well as the mode of transfer ( i . e . 
wl".ether in the form of capit�1 goods or in the form of direct invest
ment s ) . In the case of rural development , it is expected that little 
capital machinery would be involved in the promotion of labour-inten
sive project s .  Developed countries must appreciate this and offer 
direct investments opportunities . 

CONCLUSION 

Technology practitioners and development pla��ers should bear 
in mind the fact that the promotion of industry in rural areas must 
take into account the type of proeuction 9 the availability of manpower , 
the size of the market and all the other socia l ,  economic and cultural 
factors . In particular, initial studies of appropriate technologies 
must as far as possible involve the participation of thE: indigenous 
er..trepreneurs . 

The experience of the Consultancy Centre , limited as it may be , 
has evidently indicated that such centres have a major role to play 
in the industrialisation of developing countries . In particular, the 
experience has demonstrated the need for reviewing and adapting the 
traditional university curricula to suit the ne�ds of developing 
countries . Such establishments can also contribute to a closer co-oper
ation between industriali�ed and developing countries and accelerate 
the diffusion of low-cost technology betwaa� neighbouring countries .  

It i s ,  however ,  doubtful i f  one can defend the establishment of 
production units on university campuses in the context of the tradi
tional university curricula . But -it is -equally true that teaching -and 
research in institutions of higher learning are meaningless if they 
are not linked with �he industrial and ·economic development of the 
areas they serve . The purpose of such production units is to show to 
potential entrepreneurs what -can be done and to demonstrate how it 
can 'be done . The campus production units ,  when prvved technically 
and financially v�able , will hopefully fill a vacuum in the rural 
industrialisation policies of developing countrie s .  
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XV .  SMALL-SCALE DISTILLATION OF POTABLE SPIRITS FROM PALM WINE 

by 
* 

! .A .  Akinrele 

INTRODUCTION 

The development of the traditlonal art of di stilling alcoholic 
spirits in Nigeria has largely been influenced by the ecological and 
socio-economic conditions prevailing in the local communities. Until 
recently when molasses became available from sugar mill s ,  the tradi
tional raw material for distil lation was raphia wine derived from 
the sap of Raphia hookeri and palm wine from the oil palm Elaeis 
guineensis. The raphia plant grows extensively in the riverine areas 
and delta creeks of the country . The communities in these regions 
are composed mostly of fishermen , and both the men and women relish 
a drink of ' ogogoro ' (raphia wine spirit ) on social occasions . They 
also use it for medicinal and ritualistic purpose s .  

The traditional distillation technology i s  Yery primitive and 
leads to serious contamination of the produc_t with organic and 
metallic toxicant s .  Because of thi s ,  the sale of the product was 
declared illegal by ·the government . The market as a result was driven 
underground and distlllation operations were transferred to the back
woods to avoid detection by the police . The processing technique thus 
became very secretive and remains totally insulated from modern 
improvements . 

Another factor which has restricted the development of the 
industry is the fact that the terrain over which the raphia plant 
grows is swampy . Transportation of raphia sap or wine is difficult , 
and this accounts for the fragmentation of the di stillation units . 
Similarly on dry land where the oil palm thrives, the wide scattering 
of the trees and their low yield ( about one litre of sap per tree 
per day) make collection on a large scale uneconomic. 

It is estimated that in the 1 , 400 square miles of fresh water 
sw�mps in the Niger Delta area there are some 300 million raphia 

* 
The author is Director of Research of the FedP.ral Institute of 
Industrial Research, Oshodi , Nigeria . 
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palm trees , with a potential annual production of more than �wo 

billion litres (450 million gallons) of palm wine . It is �lso believed 

that about one tenth of this quantity ( 200 million litres or 45 
million gallons) could be obtained from oil palms ( l ) . If this wine 

were distilled and converted to ethyl alcohol , some 91 million litres 

(20 million gallons ) of potable spirit with a value in excess of 

N 20 million ( $3 3  million) per annum before excise duty would be 

available for manufacturing various alcoholic beverages and for 

industrial uses . 

The exploitation of this vast potential resource of potable 

spirit and the development of the associated native .industry are 

being tackled in the following way: 

a) A legalisation of rural distillation operations through 

licensing arrangements ;  

b )  The design and manufacturing of a cheap and sturdy still 

that can Qe used in a rural environment by unskilled labour 

after a short period of training ; 

c) The granting of a concessionary excise duty to enable the 

industry to survive economically against imported alcohol 

concentrate s ;  

d )  The permission t o  market less refined f but nevertheless 

potable, spirit beverage at a price low enough to meet the 

demand of the low-income rural market ; 

e )  Ensuring that the main economic benefit returns to the 

producers and i.s not · .aptured by a new class of middlemen 
or -entrepreneurs .  

For a number o f  years , the Federal Institute of Industrial 

Research (FIIR) in Oshodi has been studying the way s of improving 
the native art of distilling locally prepared worts for spirit s .  

The investigations carried out involved a survey and evaluation of 

the -economic potential of current illicit distillation; an investi

gation of the -microbiology ·o f  palm wine fermentation; the design and 

development of a distillation method based on modern scientii'i.c and 

chemj.cal engineering principles ;  the biochemical screening o:f the 
d�stillation product for .toxic - ·residues. .that can affect the hf:!alth 

o.r the ·. c_o_nsumers_; 'a Sensory_ evaluation analysis of .the product arid 
finallY.-·mar-ket research _on the acCeptabili_ty of the final products 

to the con-sUmer .  

Field tests with a commerc.ially mari.ufactured prototype o f  the 

still were· .carried out urider a cO.:...operative arrangement by -the 

Federal Institute of Industrial Research, the Nigeiian Brewers and 

Distillers Co-operativ� Sociei;y_ .and the Addis Engineering Company 

Limited . 

1 )  $ourc.e of data: · private communication from the Secretary of _the 
Niger - Development aoard . 



THE DEMAND FOR ALCOHOL PRODUCTS 

Nigeri a ,  witb its population of 80 million, currently spends 

some N2 million a year ( $ 3 . 3  million) on spirits and alcoholic 

beverages .  The available sta�istics indicate that the legal imports 

of ethyl alcohol at 80 per cent per volume amount to more than 1 

J:ilillion li tres of concentrates, wi+h an average yearly value of 

W200 ,000 ( $330,000) while the corresponding value for alcoholic 

beverages is around N875 ,000 ( $1 .� million) for some 830 ,000 litres ( l ) .  

It has been reliably claimed that about the same quantities are 

illegally smuggled into the country , and that equivalent amounts are 

supplied by native rural distilleries .  A conservative estimate thus 

suggests tha--.. the total market in Nigeria for alcoholic beverages is 

around 2 . 5  million litres ( 550 ,000 gallons) per year. 

The average yearly growth rate for th� legally imported alcoholic 

beverages is 18 per cent . However ,  the statistics must be interpreted 

with caution since they grobsly underestimate the size of the market . 

In the low-income rural areas , the consumption of imported products 

is very much restricted, but there i s  nevertheless a large potential 

demand for potable spirits marketed at low cost . For this reason the 

FIIR project was aimed at making inexpensive potable spirit avail

able to the large maj0rity of t�e rural consumers . �urthermore , with 

the expansion of the industrial sector, it is estimated that in the 

next five years the average annual growth rate of demm1d for indus

trial alcohol will not fall below 2 7  per cent - the rate of growth 

achieved by the industrial sector Curing the first year of the 1970-74 

Second National Development Plan( 2 ) .  

THE BACITA FACTORY 

A new factory , the Nigerian Yeast and Alcohol Manufacturing 

Company Limited (NIYAMCO) has recently been established at Bacita, 

in the state of Kwara . This company , which is owned )y the Federal 

Government in partnership with other institutions , is designed to 

produce industrial and potable alcoho l ,  spirits and yeast s ,  and 

animal feeds . NIYAMCO will use annually some 9 . 5  million litres of 

molasses , which as by-products of the Nigerian Sugar Company , have 

until �ow been wasted . Its capital cost was 1 .7 million ($2 .8 million ) , 

and its initial production capacity of 2 . 5  million litres of ethyl 

1 )  Federal Office of Statistics , Trade Tabulations , December 1972 
and December 1973 , Lagos ,  1972-'/3. 

2 )  
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alcohol should ri. se to a maximum of 3 , 375 , 000 litres a year . Th(:l' 
NIYAMCO plant was designed for the urban domestic market and for 
export, and the FIIR plant for the rural/urban domestic market. 
Ho�ever , the price o f  alcohol produced by the FIIR plant is expected 
to compete favourably with that of NIYAMCO. 

THE TECHNOLOGY OF DISTILLATION 

a )  The traditi�nal distillation technology 

In large areas of Nigeria, people illegally distil palm wine 
into a crude spirit containing between 30 to 40 per cent of alcohol 
by volume (l ) .  The equipment for doing this consists of a steel dis
tillation drum connected to a copper pipe which passes through a 
wooden cooler containing cold water. The distilled crude spirit 
collects in a clay pot . The drum containing the palm wine is heated 
with a wood fire, the alcohol vapour passes through the copper pipe . 
condenses in the wooden cooler, and drops from the open end of the 

copper pipe into the clay pot . 
The final product is usually water-white in colour , sometimes 

straw-yellow. Solid contamination is usually visible . The flavour i s  
characteristically strong. Heav� losses or alcohol occur during pro
cessing due to the lack of' flowing water and to the evaporation of 
the hot distillate from the open receiver . The first distillate is 
usually redistilled. 

b) The intermediate technology designed by FIIR 

The FIIR still has be• lesigned to improve on this traditional 
village technique and to give an optimal produc-e yield and a potable 
quality . The main design feature of the still is a column with pre
determined packing height , so as to separate the volatile components 
pr,<:!sent in the fermenting liquor. It is packed with charred palm 
kerne"L shells ,  but other packing materials can also be used (glass 
beads or -rings , nut shells , wooden fibres or pebbles ) .  The .column 
is well laggad so that the temperature prot'ile. in the packed coltimn 
is due to the pressure drop of the vapours acrOss the packing. A 
thermometer is provided at the top of the column to read the temper
ature o f  the vapours emerging from the column prior to condensation . 
A soft wooden disc, highly. polished on one side, is attached to the 
middle of the column ; the polished side facing the pot minimises the 

1)  Fresh palm juice , which has a sucrose concentration vi' 13g/lOOml , 
fe�ments very rapidly . Within 24 hours , the process of fermenta
tion is usually complete, -and the resulting liquor contains about 
7 per cent of alcohol by volume . 
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heat transfer by convection and radiation from the pot to the 
condenser . 

A 25 ga.J.lcn charge of :fermented liquor (114 litres) containing 
5 per cent alcohol by volume gives 3 gallons (13 .65 litres) of' alcohol 
at 35 per cent on first distillation in two and a half hours � The 
recovery rate is about 84 per cent . On second distillation a charge 
of 2! gallons ( 1 1 . 4  litres) of alcohol at 30 per cent gives about 
0 .8 gallons ( 3 . 64 litres) of alcohol at 80 per cent . The recovery 
rate is 35 . 5  pe: cent . 

The final stage of processing consists in blending and flavour
ing the concentrates . Most of the equipment recommended by FIIR for 
this stage is operated manually or semi-automatically. The rationale 
for this is that since the factory is to be sited in rural or suburban 
areas the non-availability of electricity should not diminish its 
overall operational efficiency . Maturation of the alcohol concentrate 
is allowed to occur in wooden casks for periods ran�ing from three 
to six months. Demineralised or deior. , ed water is then used to dilute 
it to potabl2 level , and the blend is clarified by using activated 
carbon or other suitable clarifiers.  To the diluted spirit , the 
appropriate flavour i s  added , usually about 0 . 5  per cent by volume . 
The final product is filled i_nto standard ;�lass bottles of 1 . 2  litres 
and capped . 

PRODUCTION ECONOMICS 

Based upon an estimated average yearly demand of 234, 000 gallons 
( 1 ,064,700 litres) of concentrates and 183,000 gallons (832 ,650 litres) 
o1 potable spirits , the recommended plant capacity is 500 bottles per 
day (26 . 6  fluid ounce bottles) ,  i .e .  2 5 , 000 gallons (113 ,750 litres) 
per year . A factory with this capacity will use the distillates of 
sixteen FIIR stills , each of' which produces about 792 gallons ( 3 , 60-+ 
litres) of alcohol at 80 per cent per volume annually. It i s  estim
ated that about 647 FIIR stills will be required to supply the 
entire Nigerian market for alcohol . Table l summarises the capital 
costs and capital structure for this small-size processing plant and 
Table 2 jts production costs and profitability. 

The cost estimates for this project are based on the following 
assumptions: 

- The palm �ine used for distillation in the rural area will 
be undiluted and hence should contain maximum alcoholic 
content ; 
The whole project will be integrated , i .e .  the village dis
tilleries will be linked with the blending , flavouring and 
bottli�g centres . 
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Table 1 

CAPITAL COSTS AND CAPITAL STRUCTURE 
FOR A SMALL-SIZE PRODUCTim! PLANT ( l )  

Fixed Capital 

Land and building : (2800 sq .ft . warehouse at W2 
per sq . ft . )  

Furniture and fixtures 
Equipment and plant : 

- 2 holdinz tanks of 2275 litres for alcohol 
- 1 holding tank of 2275 litres for water 
- 90 mat•tring wood casks 
- 1 b lending vessel with stirring unit 
- 1 filling machine (capacity: '300 bottles 

ner hour) 
1 capping machine (capacity: 480 bottles 

oer hour ) 
- 1 water ourifier and 1 water de-ioniser 
- 1 filter- press 

Total fixed capital costs 

Working Capital 

�ro month 3Upply of alcohol at 80% per volume 
Six month supply of flavour 
Six month supply of packaging ""!'lterials 
Three months of labour costs �1. manager at 'fllOO 

per month , 1 supervisor at W50 and 10 workers 
at N26) 

One month 1 s value of excise du·ty 
Accounts receivable 

':.'otal fixed c.api tal costs 

� 

1 , 200 
80 

6 , 000 
1 , 000 

500 

150 
400 
i)OO 

" 

29, 100 
S , lOO 

16 , 400 

1 , 230 
2 , 500 
3 , 000 

Capital Structure , Interest and Depreciation 

Total initial investment required 

5 , 600 
400 

9 , 930 

J-5 ,930 

60, 330 

(Fixed capital plue working capital ) :  76,260 

Source o f  fixed capital : 40% from share capital 
(!'63?2) 

60% from loan capita1 
(N9558) 

Source of working capital : 100% from short term 
bank loans 

Interest charges 8% p . a .  on loan capital , i . e .  765 
12% p . a .  on working capital for 

6 months ( 2 ) , i . e .  3 , 620 
Depreciation chaiges : 4% p . a .  on the building , i . e .  

10% p . a .  on plant & equipment 993 

�: ( 1 )  All figures are given in Naira (W) . 
approximate rate of exchange : Nl = US$1 .6375 . 

( 2 )  This working capital will be raised from commercial 
institutions and should be paid back wi t.hin a period 
of six months . 
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Table 2 

ANNUAL PRODUCTION COSTS AND PROFITABILITY FOR A MEDIUM-SIZE DISTILLERY 

Production Costs 

Raw materials:  
12500 gallons ( 56 ,875 litres) of 80 per cent alcohol 

ner volume at Nl4 :p er gallon 
125 gallons (625 kg) of flavour at N26 per kg 

Packaging materials :  150 ,000 bottles with btmgs and 

II 175, 000 
16,250 

labels at N0 .22 per bottle 
Labour 
Supplies 
Excise duty 'Nl .20 per gallon , or N0.26 per litre ) 
Electricity 
Rent and insurance 
Interest on loar. capital 
Interest on short term working capital loan 
lJepreciation 

Total production costs 
Production cost per bottle : 1 . 77 

Profitability 

Total revenue : 150 ,000 bottles at N2 . 50 each 
Total production costs 

Profit before tax 

33 ,000 
4 , 920 

220 
30 ,000 

210 
318 
765 

3 , 620 
1 , 233 

N 265 , 536 

II 375 ,000 
265 , 536 

Profit before tax as a percentage of total investment : 

II 109 , 464 

143 . 5% 
20 . 2% 

•· 

Profit before tax as a �ercentage of sales : 

As can be seen from the figu�:es below, profitability varies a c.:: .:Jrd
ing to the price at which each bottle is sold: 

Price Total Total Profit Profitability Total Yield on 
per Production Revenue Before as a percen- Invest- Capital 

3oi..tle Cost Tax tage of sales ment % 
-
2 .00 265 , 536 300,000 34 .464 11 . 5  76 , 260 45.2  
2 .20 265 , 536 330 ,000 64,464 19.5  76 , 260 84 . 5  
2 . 30 265 , 536 345,000 79 ,464 2 3 . 0  76 , 260 104 .2 
2 . 50 265 . 53f, 375 ,000 109 , 464 29 .2 76 , 260 143 . 5  

- The FIIR stills will be located in rural communities in or�er 
to minimise the cost of tr&�sporting palm wine ; 

- The factory wall is built of concrete blocks strong enough 
to offet· security to the potable spirits ,  but fitted with the 
type of inexpensive materials used in low-income buildings so 
as to minimise cost ; 

- The project is labour intensive and although Nigerian labour 
is relatively costly , family labour should be used when 
available ; 

The entrepreneur will organise the factory to receive distil
lates from sixt:een FIIR stills located close to the factory; 
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The factory avoids the use of middlemen in procuri�g the � _n
cent�ates from the rural distilleries ; 
Grid supply of electricity is not necessary since most of the 
equipment can be operated manually cr with ba�teries ; 

- The production costs were based on the FIIR filot Plan� 
operations , after applying the correction factors , due to the 
inherent imbalances in pilot plant operations. Measures have 
been taken to accommodate the commercialisation of the product 
by private entrepreneurc .  Considerations were also give� to 
the effect of government excise duty and its effects in terms 
of favourable competition with import s �  

The seemingly high cost o f  local production i s  explained b y  the 
high cost of palm wine. At the distillate level , the palm wine con
stitutes about 90 per cent of the production cost . This means that 
any -='-- ;c in the cost of palm wine will significantly affect the 
profitability of the entire project . The incidence of the cost of 
palm wine on the price of the alcohol supplied by the FIIR sti�ls 
to the �recessing can clearly be gauged from the data presented in 
Table 3 .  

Table 3 

ESTIMATED ANNUAL PRODUCTION COSTS FOR ONE FIIR STILL ( I!' H) 

Cost of Yalm Cost of Other Total Average Cos 
Wine per Gallon '15,0?5 litres Production Cost per Gallon 

(4 .55 litres) ( 16 , 500 gallons) Costs of alcohol 
of Palm Wine at BO per 

' cent 

0 . 50 I 8 ,250 850 9 ,100 11 .49 
0 .45 7 ,425 850 8 , 275 10.45 
0 .40 6 ,600 850 7 , 450 9 .41 
0 . 35 5 ,775 850 6 ,625 8 . 36 
0. 30 4 ,950 850 5 ,800 7 . 32 
0 . 25 4 , 125 850 4 ,975 6 . 28 
0 . 20 3 , 300 850 4 , 150 5 . 24 
0 . 18 2 , 970 850 3 , 820 4 . 82 
0 . 17 2 ,805 850 3 ,655 4 .61 
0 .15 2 , 475 850 3 , 325 4 . 20 

A characteristic pattern of this type of investment is the 
relatively high proportion of working capital compared to fixed 
capital . This is due to the necessity of holding stocks of a�cohol 
concentrates during the maturation pro�ess and to the importation 

t 

of a six months' supply of flavour and bottles . However ,  with the 
favourable investment cli�ate in the country and the lucrative nature 
of the project , it is not anticipated that entrepreneurs will have 
any difficulty ln attracting the necessary funds from -che fimmcial 
institutions . 

��fi; 
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If the factory is organised on a co-operative bas i s , and members 

agree to v;ait for the payments for their concentrates to be made a fter 

the final product has been sold by the society, the required working 

capital -will be much smaller. 

The production cost for one bottle of potable spirit is N1 .77 . 
Taking into account an 11 per cent profit margin for the manufacturer , 

and a further 2C per cent margin for the retail distributer , the final 

sell ing price is anticipated to be N2 . 50 .  At this price , the product 

w::ll compete favourably with imp0rted gj_n , which at present sells for 

N4.40 per bottle ,  and widen the market to the low-income grcups . The 

manufacturer can expect to make an attractive profit margin on his 

investment : ever.t if the bottle of spirit i s  sold at a low price of 

N2 .00, he will still have a profit of 11 . 5  per cent on total sales ( l ) .  

There i s  a wide variation in the prices of palm and raphia wine 

between the urban J?.nd rural communities in the country . This report 

has assumed a price of NO.ll per litre (N0 . 50 per gallon) fer the 

palm wine and raphia wine , but if it can be purchased at N0 .7 per 

litre {N0 . 30 per gallon) - a normal price in the rural communities 

the profitability on total sales will correspondingly increase from 

29 .2 per cent to 45 .8  per cent . 

CONCLUSION AND RECOMMENDATIONS 

In view of the high consumption rate of potable spirit among 

the low-income group (70 per cent of Nigeri a ' s  population ) ,  this 

pro,iect offers signifi cantly attraetive prospe-:ts for the economy . 

The production technology involves slight modificatiors to the 

traditional method , but it is highly efficient and easily adaptable 

to the rural environment . The-re are several optimal location sites 

in the southern parts of the country where palm and raphia trees 

grow in abundance . 

The project is expected to create more employment opportunities ; 

help reduce the large-scale consumption of crud e gin which i.s unhy

gienically distilled and therefore injurious to health ; improve the 

utilisation of local material resourc e s ; and st:i.mulate ancillary 

industries such as t�e cork , packaging and glass industrie s .  It i s  

also anticipated tnat the location o f  the plants in rural and suburban 

areas will contribute to reducing the population drift towards the 

urban centre s .  

In order to minimise cost s ,  i t  i s  recommended that the project 

be organised ia the form of co-operative of rural families who own 

1 )  Of particular interest to the entrepreneur i s  the fact that the 
investment in such a plant has a payback of less than one year . 
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the land on which the palm trees grow. This form of organisation 

with the usual governmental support would be able to raise the initial 
working capital required to pay the village distillers while awaiting 
the sale of the final product . The Nigerian Brewers and Distillers 
Co-operative Society has already set up a commercially successful 
system of this type . 

The initial product may be gin since it has a minimal maturation 
period compared to other potable spirits .  In this way , large amounts 
of capital will not be tied up in inventory. Depending on the market 
acceptability , a further saving in operational costs may be achieved 
by using plastic rather than glass bottles . 

Any private entrepreneur planning to invest in this project is 
strong:y advised to ensure �he availability of suffi cient working 
capital before going into production . A total of 20 stills have 
already been sold to individual entrepreneurs , but a feedback from 
these operations has yet to come in(l ) .  

Considerir� the profitability of this project as well as its 
social benefits to the economy in terms of employment opportunities, 
technology development and transfer of skills to rural communities, 
investments in this field should be actively encouraged .  

l ) The Ghana Distillers Co-operative i s  currently evaluating this 
small-scale distillation technology with +.he hope of establishing 
a pilot pr oduction project . 
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XVI . APPROPRIATE TECHNOLOGY IN ETHIOPIAN FOOTWEAR PRODUCTION 

by 
* 

Norman S .  McBain and James Pickett 

In the light of lively and widespread interest in developing 

country technology it is not surprising that the search for 'appro
priate' tec��ology should be bedevilled by semantic confusion. This 
i s ,  nevertheless , a nuisance which imposes on those who participate 
in the search and related discussion a tiresome obJ:,_,gation to try to 
ICake more than usually clear the meaning of the terms they use. In 
this regard , it comes naturally to economists to take as ' appropriate '  
that technology (set o f  inputs and processes) which would minimise 
the cost of production of a given volume of a given good in any 
particular location. This minimum cost can, of course, be calculated 
either at .market or social prices , and the application of the latter 

if they accurately reflected the real opportunity costs to the ecs::- ,my 
of the various factor inputs - would for many identify the optimum 

technology . 
The economist ' s  view of appropriate technology �s not , o£ coarse , 

the only possible one ( l ) . Notwithstanding basic agreement on the 'need 
to connote ' appropriate ' in the light of local conditions , a variety 
of meanings can - at lEhast apparently - be attached to t.he general 
term. one interesti:ag way of polarising views which has been suggested 
dis.tinguishes between engineering anP. economic rmderstanding of local 

* 

1 )  

Mr. McBain is a Senior Research Fellow and Mr. Pickett the Director 
of the David Livingstone Institute of OVerseas Dev.'!lopment Studies 
of the Univer sity of Strathclyde in Glasgow , Scotland . 
This study is a by-product of. :a pilot .investigation in the ch.oice 
of · techniques _in .the. foot�ear and_. sugar .industries .in Ghana ·.and 
Ethiopia undertaken 'llllder the ·direction of J .  Pickett by. the DaVid 
Livingstone Institute of Development Studies.� The inYestigation 
was ·generously financed ·.by .the ·British . Ministry . . of OVerseas lJeveLU'P-:o 
ment . Thanks are due .to the ·part.icipants of the . . OECD Seminar 
Low-.Cost .Technology for . useful comments on the ·.first · draft of. ·the 
paper and .to Professor . Gustav Ranis ·for constructive .. criticisms 
which - it is hoped - resulted in the removal of some obscurities 
ir.. .presentation . The ·authors are., of course, not absolved ·by the. 
help they have received :for · the remaining ·errors or c.onf\lsion . 
This . study is repri.nted ,by ·permission from . the Journal of· Modern 
African Studies·, September; 1975.• ' 



conditions ( l } . In the former the need to reduce the scale of produc

tion , to make use of local resources , to take account of climate and 
topology are given prominence , and the emphasis is on the choi ce , 

adaptation and design of production (and transport} equipment and 

systems which would meet these imperative s . At least implicitly , 
appropriate technology in this usage tends to correlate with the 

small-scale anc the rural , as di stinct from the relatively large 

factories which characterise the modern ( largely urban-located} 

industrial sector . The second usage concentrates on relative factor 

endowments and differences in these as between develcped and develop

ing countries - and as wlthin developing countries - ought , in 
principle , t9 be captured in the method of choosing among alternative 

technologies described briefly in th� first paragraph of the present 

paper. 
The distinction between the engineering and the economic 

approaches to appropriate t�cbnology is useful in cataloguing the 

large , growing and extremely varied •.rolume o:f work now being done 
in this area . It should not , �oweve r ,  be overdrawn . In particular 

it should be recognised that the two categories are not 1 pure ' :  the 

angir.eering contains important econom:!. c elements - including market 

size and product character ; and the economist ' s  most elementary 

understanding of production i s  founded on a fusion of economic and 

technical conside�ation s .  T�is overlap i s  important because it means 

that the distinctiory does not really answer the question of whether, 

conceptually , there is but one appropriate technology . This question 

is in turn important because it bears on the sectoral and locational 
allocation of resources , and thus on the whole problem of urban-rural 

balance . The answer -to the questicn is difficult to obtain, parti cu

larly since it cannot be divorced from th� specification of national 

policy objective s .  I� i s  nevertheless W3rth pursuing , and the identi

fication of the relative economic efficiencies of different forms 
and J � �ations of industrial production should be an important part 

of this pursuit . In this regard , rigour requires that like be compared 
with like and means consequently that definitive views are only likely 

to emerge after a sufficiently large number of ' controlled' case 

studies have been made . 

Interest in the outcome of such studies is heightened by the 

persistent belief that small-scale industrialisation has much t o  

contribute to economic development in p o o r  countries , Thus , both the 

' regeneration' of the rural areas and the breeding of an indigenous 

class ot er-ltrepreneurs from which future captains of large-scale 

1 )  UNDP , Technical Advisory Division, Appropriate Industrial Tech
nologi e s :  A Note for Discussion , (ml�eo) , �ew York , 197 5 .  
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industry might be drawn have been linked to the establishment of 
small industrial unit s .  Moreover , the expansion of such units in the 
countryside and the smaller towns �s often seen as g means of increae
ing attractive employment opportunities outside the main urban cP.ntres 
and thus reducing the employment problem in these centre� .  '.i'hat the 
whole question of urban-rural balance is critically important in 
development may readily be accepted , as may the importance of small
scale industrialisation in the integ!"ation of the rural areas and 
small towns intc an expanding national economy . It i s ,  however, this 
very importance which makes it more rather than less necessary to 
approach the development of small-scale , ' low-cost' technologies in 
a critical spirit . If small-scale indust-r�r is to flourish, a judicious 
choice of products and an awareness of th�� difficulties confronting 
would-be entrepreneurs are required. 

Against this background , the purpose of this paoer is to pr•:sent 
and discuss the results of economic appraisal of alternative tech
nologies and factories which �-ould be used in the production of foot
wear in Ethiopia . The factories considered range from the very large 
to som'3thing lH:e a cottage industry-type of organisation. The quality 
of the product i s ,  however, invariant , �o that it is possible to 
isolate differences in economic characteristics associated with dif
ferences in factory size and form of organisation . The paper implic-
�-tly emphasises the importance of economic efficiency to poor coun
tries &�d sees in carefully defined measures of this some basis for 
clarifying ·the meaning and specifying the character of ' appropriate ' 
technology � It is recognised, however, that not everything can be 
captured in economic criteria , and some attempt is made to set out 
the coTiditions under which small-scale options might be preferable 
even when , at first sight , economic judgement would seem to be 
against them. It is hoped that the paper has implications for a much 
larger number of countries than the one to which it explicitly relates . 

In comparing technology variants and factory size , the basic 
crit�rion used is net present value (l ) at a discount rate of 10 per 
cent per annum . The product in question is men ' s  leather-upper, 
cement-lasted shoes with cemented-on synthetic soles . It is assumed , 
on the basis of observation , that these would generally have sold at 
a retail price of Eth .$10 in 1972 , and input prices used in the cal
culations are those which prevailed in Ethiopia in the same year. 
Account is also taken of capital allowances , taxes and duties pre
vailing in 1972 , and - unless otherwise stated - the net present 
value arrived at is a measure of private profitability. The factories 

1 )  It may be noted that using net present value per unit of invest
ment as the criterion would not alter the arguments of the present 
paper . 
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compared are ' synthet�c '  in that the production process they comprise ' 
is an amalgam of exis�ing operations in developing and developed 
countries ( l ) . Project jlives are taken as 27 years , except for very 
small factories when �0 years is chosen , and a one-shift working day 
is assumed . l 

The remainder of !the pap�r is in three parts . The first is con
cerned with economic �ppraisal ..:>f three techrology vari�Tits for each 
of three factory si·ZeS (levels of output ) ;  the second considers alter
native ways of produci-ng a given annual output ; and the third draws 
conclusions frnm what- 'has gone before.  

TECHNOLOGY VARIANTS 

Much of the concern with ' low-cost ' technology derives from a 
wish to save capital , which is thought to be relatively scarce , and 
to provide emp1 oyment far- \mskilled labour, which is taken to be 
relatively plentiful . Given this (and perhaos rashly ignorinp the 
distinction between micro- and aggreg8te conBiderations ) a pertinent 
question i s :  for eny given level of output and product specification, 
what difference does variation in technology make to capital require
ment , employment creation a!1.d , it is necessary to add , profitability? 

lhe information deployed in Table 1 permits some answers to be 
returned to this question for each of three levels of footwear output 
in Ethiopia . These are the production of 50,000, 300 ,000 and 1. . 8  
million pairs o f  men ' s  leather-upper , cement-lasted shoes per annum . 
For each level �f output three technology variants are considered -
the most machine-intensive , the most labour-inten�ive and the least
cost(2) . Table 1 consequently deals with nine different factories , 
information crncerning which is given in three groups . As already 
explained , the factories are ' synthetic ' . To repeat , they do , however, 
represent fully articulated , feasible processes .  Moreover, in making 
the calcul�tions which underlie Table 1 ,  care was taken to include 
every conceivable item of capital and operatin5 expenditure . 

In considering the implicatic�ms of. the table , it is convenient 
to assume that private entrepreneurs al'l.d engineers would, -left tO 

1 )  It is worth stressing that the factories · are fully designed and 
their operations fully casted � Their '·construction 1 is based on 
visits to shoe factories in a number of developing and developed 
countries , manufaCturers of capital goods , research organisations , 
government agencies , etc . as well as on careful study of the 
technical literature . 

2) This somewhat confusing teiminology is conveniently Jrie f .  In 
principle the least-cost technology could also be either the most 
machine- or the most labour·-intensive tec:tmolo5Y . In the compari
sons reported in Table -1 _ it never .i s .  



Table 1 

SOME CHARACTERISTICS OF MACHINE-INTENSIVE , LABOUR-INTENSIVE AND LEAST-COST 
VARIANTS OF EACH OF THREE SIZES OF ETHIOPIMl SHOE FACTCRIES 

Characteristic 

No . of unskille·d workers 
No . of staff and skilled 

workers 

Total ·.number of employees 

Working capital nt full 
capacity (Eth$'000) 

I 
Fixed capital at full 

capacity (Eth$'000) 

Total capital (EtM • ooo) 

Average annual wage ner 
employee (Eth$) · 

Fixed capital per 
employee (Eth$) 

Annual net cash flow at 
full capa,city (Eth$'000) 

Internal Rate of Return 
(per cent) 

Net Present Value 
(Eth$ ' 000) 

c ' '  
Size and Technology Legend: 

Factory size 

Al A2 A3 Bl 

6 6 69 

3� 39 36 b5 

35 45 42 154 

288 .9 282 .0 281.0 1 , 590 . 0 

327 . 1  128 .4 140 . 4  79 3 . 0  

616.0 410 .4 421 .4 I 2 , 383.0 

2 , 348 2 , 067 2 , 136 1 ,703 

9 , 346 2 , 853 3 , 343 5 , 100 

47 .4 38 .4 40 . 9  304 . 6  

5 .8 7 .9 8 . 3  18 .8 

218 .8 -77 .9 -65 . 2  1 , 643 . 3  

' 

1 
2 
3 = 

Most machine-intensive . 
Most J.abour-intenslve. 
Least-cost . 

and technology variant . 
B2 B3 

cl c2 

92 81 411 556 

126 86 434 683 

218 167 845 1 ,239 

1 ,605.8 1 , 590 . 5  9 , 397 .4 9 , 504 . 5  

404 .7 660 . 2  " , 367 . 2  2 ,154 . 7  

2 ,010 . 5  2 ,250 .7 13 ,764 . 6  11 ,659 .2 

1 ,483 1 , 614 
I 

1 ,431 1 , 279 

1 ,856 3 , 972 5 , 168 1 , 739 
I 

337 .6 i 393 . 5  2 , 533 . 9  2 , 275 . 1  

20 .4 2 0 . 1  22 .6 24.6  

1 , 660 .4 1 , 774 .7 13 ,056 . 1  12 , 799 . 6  

A 
B 
c 

200 pairs of shoes per shift . 
1 ,,200 pairs of shof·S per shift . 
7 , 200 patrs of shoes per shift . 

c3 -
460 

444 

904 

9 , 410 . 5  

3 ,439.4 

12 ,840 .0 

1 , 384 

I 
3 ,804 

2 ,480 . 1  

2 4 . 5  

14 ,055 .v 



themselve s ,  normally tend to install the most machine-intensive tech

nology at any of the three levels of output , rather than search 

exactingly for the most profitable technology{ l ) .  If this is done , 

then one use to which the results of �he table may be put is to 

ans"'rer questions concerning tl:.t: rtesirability of technolog;r e:hoice 

of this kind . 

Exam:!.nai:ion of col'.!rrt.ns 1 � 2 and 3 for output levels A ,  B and C 

shows that , in far::� , the most m;:-_chine-intensive technology would not 

be chosen t y profi t-maximisin,R" e.1trepreneurs . In each of the three 

cases , the re .::iona3_ choice would be in column 3 .  The consequences 

�f making this choice , rather than that described in columns 1 and 

2 for each of the three factories , for capital investment and employ

ment are summarised in Table 2 .  From thiE it can be seen that the 

least-cost factory at each level of output lies beh;een the I!.'Ost 

machine- and the most labour-intensive technology in virtually all 

respects .  For th0se partisan for labour-intensive technologies the 

results relating to factory A are the most pleas�ng . For this factory 

the least-cost technology comes close to matching the most labour

intensive tecrillology in the extent to which it would save capital 

and provide additional employment as co�pared to the most machine

intensive tec�ology . For factories B and C ,  capital savings and job 

creation are decidedly less dramati c .  They are , however, not insig

nificant •. 
With regard to capital it i s  ultimately savings (investible 

funds) that are scarce in developing countries , so that it is neces

sary to consiner total and not simply fixed capital invested ( 2 ) .  

Even accepting this , savings of 6 and 7 per cent on total capital 

requirements are not entirely to be sneezed at . In addition overall 

increases in employment of 6 and 8 per cent , and of 11 and 17 per 

cent in unskilled employmen� represents a welcome ·positive addition 

l) For an account of the view of the investment decision which under
lines this assumption see Pickett , Forsyth and McBain , 11The 
Choice of 'fechnology , Economic Efficiency and Employment in 
Developing Countries11 , Journal of World · Development ,· Vol· • .  2 , . ·.No·;3_, 
March , 1974, pp.47-54. · · · · · 

2) Even this should perhaps be qualified . If raw . mater:.als , the 
holding 01 which accounts for a _ con�iderable proportion of - work
ing capital , are local , then, the r�lative constancy o f · working 
capital across technologies in Table l would justify particUlar 
focus on the quite marked variations on fixed ·capital , :the 
financing of which could normally be expected to represent a drain 
on the balance of payment s .  It is nevertheless important to accept 
that this is a qualification to , not a contradiction -Of,  ·the arg�
ment in the text . The force of the argument about savings ( inves
tible funds) can quickly be seen by appreciating just how little 
economic activity could be financed in most developing countrie·s 
if 1 best-practice ' techniques were adopted in a handful of 
industries . 
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to income earning opportunities . Thj_::; j s  particularly so in the light 

of the fact that footwear manu:facrurir,� i s ,  generically, a labour

intensive industry anyway . Even ��:-1e fai!�ly small decline in the aver

age wage recorded in Table 1 as. bett·n�en technology l and technology 3 

is perhaps to be welcomed , sincE> ::i. �: could help to reduce the disparity 

between urban and rural income ::- . 

Nothing has yet been said about profitability. Here the hopes 

of the labour-intensive partisans take a knock . The inescapable 

eVidence of Table 1 i-s that in circumstances obtaining in Ethiopia 

in 1972 it would not have been economically just;ifiable to have 

established factory F .  ,·cgardless o f  the type of technology installed . 

It . woul d ,  however, hav' 1.-. <� en defensible to have establi shed both 

fe_ctory B and factory G ;  and all the technology variants would have 

been _ profitable in each factory . Indeed the higher internal rates of 

return shown in the table indicate that factories B and C would have 

survived a C'.ost of capital ranging from 18 to almost 25 per cent . 

Table 2 

CAPITAL AND EMPLOYMENT CHARACTERISTICS OF MACHINE-INTENSIVE 
LABOUR-INTENSIVE M� LEAST-COST VARI��TS OF EACH OF THREE 

SIZES OF ETHIOPIAN SHOE FACTORIES 

(In index numbers , with machine-intensive = 100) 

Factory size and technology variant 

Characteristic Al 

Total no . 
employed 100 128 100 lOS 141 

133 

84 

120 

200 

68 

42 

No _.of unskilled 
employees 100 200 100 117 

Total Capital 
Invested 100 66 100 94 

Fixed Capital 
Inve_sted 100 39 100 51 83 

100 

100 

100 

100 

146 

135 

84 

49 

106 

lll 

93 

78 
_J ____ L---l---�--�---L--�---L--

Source ( and J.egend) : Table 1 . 

-Th€ . unprofi tabili ty of the smallest of the three factories 

described in ,Table - 1  suggests that small-scale operations may be at 

a disadVantage in the _ _ footwear industry compared to larger factories . 

Since , as has already been noted , ' appropriate ' technology is often 

associated with small-scale produCtion - and indeed since small-scale 

production often connotes much smaller units than any represented in 

Table. 1 - this suggestion i s  worth pursuing further . 
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ALTERNATIVE WAYS OF PRODUCING A GIVEN OUTPUT 

One interesting way in which a comparison between large and 
small shoe factories may be made is by answering the following 

question: if the Ethiopian shoe industry were to be substantially 
expanded , would this be most efficiently achieved by a single , very 
large factory , by a limited number of somewhat smaller factories or 
by a large number of very small factories? Putting the question in 
this way has a number of advantages . It implicitly places a quality 
constraint on the comparison , explicitly puts profitability at the 
centre of it , and although it does not ignore the fact that small 
shoemakers exist , it does measure their chances of survival as expan
sion proceeds . Moreover,  the comparison can be realistically grounded 
in an assumed expansion which is sufficiently large to ensure that 

the biggest , singl� factory can take advantage of all eccnomies· of 
scale. 

In 1972 Ethiopia produced about one millior. pairs of leather 
boots and shoes . Virtually all of these were disposed of on the 
domestic market . There i s ,  however, reason to believe: that Ethiopia 
i s  well placed substantially to expanrl its currently miniscule export 
trade in shoes (l ) .  It is indeed possible that exports could conceiv
ably become at least twice as important as the Ethiopian home market 
now i s .  Given thi s ,  it is permissible (as an act of creative imagin
ation) to suppose that a decision had been taken to expand the 
existing capacity to produce men ' s  leather-upper shoes by , say, 
1 .8 million pairs per annum(2) . 

Table 3 sets out some characteristics of four different ways 
in which the extra shoes could be produced . The first comprises a 
single enterprise which , in producing 7 , 200 pairs of shoe� per day , 
could alone satisfy the entire additional requirement ; the second , 
6 enterprises each of which would produce 1 , 200 pairs of shoes per 
day; the third , 36 enterprises each of which woulj produce 200 pairs 
of shoes per day ; and the fourth , 1 , 200 enterprises each o1 which 
would produce 6 pairs per day . The range of factory size thus con
sidered i s  .from that .which would employ 904 persons to that which 

1 )  See James Pickett and Norman S .  McBain , "Developing Country 
Export Potential -and Developed Country Adjustment Policy" in 
OECD_ Adjustment for Trade : Studies in Industi:ial Ad,justment 
Problems - and Policies , Paris ,  1975 . 

·2) The size of the expansion was arbitrarily but conveniently 
chaser.. to accommodate information available from the David 
LivingSto"ne In

.
sti tute 1.s pilot investigation . It also amounts 

to some 8 per cent of British imports of leather shoes in 1972 . 

- 303 -



would employ no more than 3 persons ( l ) . Again , of course , the main 

focus of interest is on the consequences of choosing one way rather 
t'-Jan another for profitability , capital investment and employment . 

The evidence of' Table 3 is not , on the face of it , encouraging 
.for th0se who would put their faith in small-scale organisation. It 

is clear that if economic efficiency (as measured by the net present 
value of the various projects) is to be the over-riding criterion 

then the large single factory (which is the least-cost and , as it 
happens , not the most machine-intensive variant of its kind) stands 
out as the obvious choice . Even disaggregating to as few as six 
enterprises substantially ·peduces the net present value . On the 
other two criteria - size of capital investment and of' employment -

the smaller factories fair better only in job creation . The fourth 
row of Table 3 makes it clear that the total fi<ed capital investment 
rises as the unit size of enterprise declines . Since working capital 
is relatively invariant with factory size , this inverse correlation 
holds for total capital investment also . It is true that the smaller 
units would in aggregate provide greater employment than the large 

economically most efficient factory . Some measure of the consequent 
f displacement ' of labour if factory A were to be chosen is given in 
the third row of the table . 

It is worth noting that the small�st factory unit - the three
man enterprl�e - coula be made to appear in a more unfavourable light 
even with respect to employment if account were taken of the work 

generated by the establishment of a retail distribution system that 
the choice of factory A \'fould imply . In the present comparisons it 
has been assumed that the small-scale enterprises retail directly 
to tbe :...onsumer. Moreover even if it were assumed t{1at such enter
prises took the form of a cottage industry with a link to a central 

selling agency or if it were assumed - rather drastically 
tota.l fixed capital required for the twelve hundred small 

�hat the 
units (each 

responsible for its own sales) was to be valued at zero , then the net 
present value of this form of organisation would still be less than 
that which could be obtained from factory A .  Nor is this 'fl l .  If it 
were (realistically) accepted that the very small units could not 

entirely do without fixed capital , but if it were assumed that t�ey 
had no need for working capital - because they purchased materials 

and sold finished shoes instantane0usl y  - then they would still 

appear economically unattractive . It should also be noted that since 
all the entries in the fifth rovr of Table 3 were computed using a 
discormt rate of 10 per cent , no account has been taken of the possi
bility - which would cost further against the small unit - that very 
small operators might have to bear relatively high capital costs . 

1 )  To write of a ( small-scale , clearly not automated) factory employ
ing 3 persons , is clearly strainin'g language somewhat . It is con..:. 
venient , however ,  to use the same term for the two Dasic alternative 
forms o:f organisation . 
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Char a 

Table 3 

SOr.ffi CHARACTERISTICS 0F ALTERNATIVE , LEAST·-COST WAYS OF 
PRODUCH•G 1 .  8 rULLIUN PAIR.S OF !1E!'T 1 S SHOES PER ANHlJT.1 

IN ETHIOPIA 

cteristics Alternatives ( l )  
A B c 

f employees 
Emtarnrise 904 167 42 

f er .. plOyees 
_uired to produce 

No . o 
per 

No . o 
rea 
1 . 3  

No . o 
' d2 

Fac 
TotaJ 

904 I 1 , 002 1 , 512 

I 
million pairs 

f employees 
· splaced 1 if 

inv 
Net p 

tory A used 
fixed caoital 

estment ( l<�th$ I QQQ ) 
1·esent value 

I 
I G 9'� ' 

3 , 439 3 ,961 
14 , 055 10 , 646 

l )  A 1 enterprise produci <g 7 , 200 pai:�·c; per day . 
B 
c 

60S 
I 

5 , 054 

I -2 , 340 

D 

3 

3 , 600 

2 , (;06 

s , q4o 
3 ,450(2 

D 
The 

6 enterprises each producing 1 , 200 pairs per day . 
36 enterprises e?ch producing 200 pairs per day . 
1 , 200 enterprises each producing 6 pairs per day . 
project life of A ,  B and C is 27 ye�rs ; that of D ,  10 years 

2 )  Includes retailing profit and no profits tax . 

CONCLUSIONS 

Thus far , considerable stress has been placed on economic 

efficiency and it has been implied that the search for ' appropriate '  

technology should really be directed tmoJards locating the ' least-cost 1 
tecl1Ilology . This way of looking at the matter i s  not fay,-:-,urable,  on 

the above evidence , to small-scale units of production. I"t subgests 

rather th�t efforts to save capital and generate more employment than 
would normally result fr �m the decision-taker ' s  predilection for the 

highly machine-intensive should be embodied in attemnts to find 

' appropriate ' technology subject to a strone; economic efficiency 

requirement . 
It can, of course , always be objected that the implicit assump

tions of this paper are too restrictive . Even , for example , on its 

own terms it could be said that the comparisons made above were 

1 static 1 rather than 1 dynamic 1 • Ih so far as 1972 prices are an 

inadequate surrogate for real costs throughout the resuecti ve pro,iect 

periods there is force to this ob.jection. However, although differen

tial variations in inputs costs - not to mention technicctl pr0eress -

o'rer time would undoubtedly affect the detail of the above findings , 

extensive sensitivity analysis suggests that the broad conclusionf 

w0uld hold for a wide range of values of the main parameters . 

A different objection would claim that the present analysis sees 

the development process in too narrow a way . This may be so , although 
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the emphasis on the generation of as large a surplus as possible in 

poor countries is surely prope r .  Moreove r ,  if wider considerations 

of income di stribu�cion, regional policy and the abolition of poverty 

are to be entertained - as they should be - then these can , by means 

of cost-benefit analysis , be accommodated within the framework of 

economic analysis that underlies the present paper . It i s  certainly 

important to ask if the allo cative mechanism could not be made to 

function more effectively in a way that would economis� on capital , 

redistribute income (at least as measured by average income levels 

in the urban and rural areas ) and provide more emplo}�ent than is 

presently the cas e .  Even if it were found necessary to aaopt radi

caL .. y different criteria in order to ohtain the wider objective s ,  

it i s  surely still important t o  have sc�e measure o f  the economi c 

cost c·:: d.oing this . 

Another possible objection to the present line of argument i s  

that in Ethiopia and in other developing countries very small shoe

makers survive and are indeed cherished . Their continued presence 

might be taken as a practical demonstration of viability . It is , 

however , necessary to ask why the small units .:;urvive , and to recog

nise that to some extent they do so in an economically unexacting 

way . They undertake a range of functions - repairing as well as 

making shoes and acting as retail outlets Ior other manufacturers. 

These functions need not be efficiently di scharged since accounting 

prJcedures are very apt to under-value such thing5 as , in effec t ,  

managerial time . A s  national markets expand and become more inte

grated it is consequently doubtful if the survival of the very small 

enterprise is likely to continue . In this regard it is worth noting 

tliat the largest ' d i splacement ' recorded in Table 3 - that of 2 , 696 
persons - is not much more than could b e  accommodated within the 

distribution system associated with the very large enterprise charac

terised in the same �ab�e . It is true that there would be no neces

sary spontaneous way of spiriting over 2 ,600 small operators into a 

relatively large-scale organisation . This 1s , however, a challenge 

for policy and not , per se , a defence of the small operato r .  

The four alternatives considered i n  Table 3 represent two quite 

distinct forms of organi sation . Thus A ,  B and C are variants of the 

modern factory system ; D is more akin to cottage industry and suggests 

' informal ' back-street or village-level operations . In some way s ,  

therefore , D might b e  thought to b e  closer to the engineering and 

A ,  B and C to the economic concepts of appropriate technology dis

cussed above - although each of the four alternatives i s  capable o f  

making u s e  o f  Ethiopian rather than imported leather and in conduct

ing the analysis on which Table 3 i s  based it was assumed that 

domestic raw material was invariably used . Thus far the very small 

enterprise has compared unfavourab1.y with the factory sy.�tem, and -

- 306 -



particularly in the :ight of the cons�quences of zero-pricing the 

capital elements L1 the cost calculations - it is unlikely that 

social cost-bene ... ·it analysis would alter this result . The sad con

clusion i s  thus that the demise of the very small operator in the 

shoe industry should be countenanced. This being so , th� need to 

search persist�r.tly and imaginatively for relatively labour-intensive 

but economically acceptable te�hnologies i s  beightened � l ) . 

In this regard a numb<::r of additional points are in order . First , 

it is worth noting that the apprai::.dlS presented in Tables 1 and 3 
were conducted in terms o f  private profitability. This being so it 

was necessary to take as given the present system of Ethiopian invest

ment a l'lowances and the present pattern of Ethiopian investment duties 

on imports of capital equipment and raw material s .  As it happen s ,  

these things are relatively favourable t o  the machine-ir.tensive modes 

of production . Consequently the application of social cost-benefit 

analysis could be expected to make the relatively labour-intensiv� 

alternatives considered in Table 1 seem more attractive t�an they do 

in the light of private profitability criteria . 

The perhaps di sappointingly small savings in capital associated 

with choosing the least-cost rather than the most machine-intensive 

technology is largely explicable for factories B and C in Table l 
by both the constancy o:f working capital across tec:r.nologies and by 

the rele.tively high proportion it provides of total capital require

ment s . Much o f  the working capital in turn results from ,1/hat , by 

developed country standards , is high levels of raw ma�erial stocks 

and finished goods . This identifies a particular point in the produc-

tion process at which the further search fo::-- appropriate tecP..nology 

could be mounted and suggests the general thought that one way Of 

proceeding is to seek to identify 'bottlenecks' of this kind in order 

that they can be removed. 

Finally , it may be seen that the selection of factory A in 

Table 3 would imply a perhaps unwise degree of centralisation . The 

establishment of a single large factory in Addis Ababa , say, would 

certainly concentrate the labour - force (and thus reduce the regional 

distribution of employment opportunities) and would concentrate the 

capital investment . The success or failure of the plant would depend 

heavily on the ability of the top managers of the enterprise , whose 

problems might be compounded by diseconomies o f  scale . There may , 

particularly i f  the desirability of a reg�onal distribution of indus

try i s  taken into account , consequently be an ar?,ument for spreading 

l) One possible argum�nt in favour of the very small enterprise is 
that 'it might in .·some circumstances produ,�e more future entre
preneurs than the factory system . This is , however 1 such a strongly 
qualitat.i-,,e argument that it cannot be taken either as settled or 
decisive . 
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the risk ; so that - when fuller consideration is taken of social and 

ecoriomic objectives alternative B in Table 3 could be preferred to 
B.lternative A .  

This possibility i s  worth enlarging on briefly . From Table 3 

it can be seen that to locate six factories in different parts of 
Ethiopia rather than a single factory in Addis Ababa would increase 
employment by ll per cent , increase total capital required by 15 per 
cent and red�ce the net present value resulting from the expansion 
o!' the shoe industry by 24 per cent . Whether these changes are accep
table denends on the. policy objectives of the Ethiopian government 
and on th� various weights attached to these . It is consequently not 

possibl-e to pass definitive judgement on them here . \'.'hat can be said, 
however' , i s  that in a country largely dominated by two urban centres 
( Addis Ababa and Asmara) the spreading of six shoe factories to other 
areas m:.ght be desirable . It should alsiJ be possible , si11ce the skill 
requirements of a shoe opers.tive are not high. 

It is worth recalling chat this paper has been concerned with 
a single p1·oduct and a sirtgJ_e country . This inevitably places limits 
on sensible generalisation . The country limitation is not , however ,  
a powerful one, and the methodology and the range o f  questions dealt 
with - including (at least implicitly) that of the relationship 
between the economic and non-economic - would be important in most 
industries in deciding on size , location and form of organisation . 

It i s  consBquently hoped that the paper throws general light on 
small- and larger-scale industrial i satj on , although it has to be 

recognised that the comparative conclusions of the paper are particu
lar to the foo-+:-..;car industry - so that the finding that economically
acceptable , labour-intensive variants of factory production might be 
more plausible than very small-scale , ' informal ' methods cannot be 
extended to other products witl.out specific investigation . A main 
message of the present paoer is that such investigation should be 
conducted over a wide range of possibilltie s . 
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XVI I .  EDUCATIOf� AS A LOW-COST TECHNOLOGY FOB AGR ICUT TU� AL DEVELOPT''!Et-:'T 

by 

* P .  Dubin 

The Inst.itut Africain pour le D€veloppement Economique et Social 

( INADES) working through its 1 1INADES-F0rmation11 de uartment , ha.?. been 

concerned with the training o f  peasant farmers .stnce 1°6::;· . Throuah 

its cor·respondence courses and seminars ,  its .iourna 1 11 A{!ripromo11 and 

the field trips it organises , the Institute is ir,volved in ni!'leteen 

African countr:Les , including all French-speaking Africa , Ethiooia and 

Ghana . I t s  headquarters are in Abidjan , Ivory Coast , and o:ffi r::es have 

been set up in recent years in Bujumbura ( Burundi ) ,  Douala (Cameroon ) , 

Soddo ( Ethiopia ) ,  Kigali (Rwanda ) ,  Dananga (Togo) and l-:inshasa (Zaire ) . 

T\vo other offices , one in Accra (Ghana) and the other in Ouagadougou 

(Upper V;lta ) , have been opened in 1')75 . 

GENERAL PRINCIPLES 

Farmers who are beginning to make progress as a result of the 

support thev receive from different sources - the government , state

owned enterpri ses , school teachers , reli gious missions , voltu1teers 

from a wide range o f  countrit.·s , lo cal movements and so on - want to 

know the reasons that l i e  behind the advice they are given . Pecently 

a woman from "';;he Senufo tribe in northern Ivory Coast said to u s :  

11We 've been told we should plant in rows and kee� the rows weeded , 

but we would really like to knot'l why " . There are also many instances 

where the boot has been on the other foot and prep·Jsterous r:Jistakes 

have been made through a failure to appeal to the farmers t g0od sense . 

\'le need only quote two example s :  if farmers do not realise thet 

£ertiliser is a plant £ood , it should come as no s���rise i£ they do 

as one farmer did in the Koudougou region of· Upper Volta and apply 

ten times the proper amount and then completely l o s e  confidence 

because they do not obtain the results they expecte d .  Similarly , i f  

the role played b y  water in the spread o f  disease i s  not clearly 

1 )  The author is Director General of INADES-Formation in Abid�ian , 
Ivory Coast • 

- )(_:'J -



grasped, it ought not to be surprising if, even after a well has been 

dug , villagers contin-ue to drink the river water which they find 

tastier . 

There can be no long-term increase in agricultural -:"�roduction 

unless peasant farmers are given proper theoretical instruction and 

are allowed to assume responsibility for their own development. While 

this point is particularly important in the present context of food 

shortages and population gl'f _ _  ;h , it is also closely bound up with the 

question of the type of society we wish t•_, construct . 

The manner in which our Elgricul ture courses are organised has 

a close bearing on the subject. of low-cost technoloe;y . We have to 

tailor the contents of our courses to the tec:b-.nic<"l level of present

day peasant farmers and to what they can be offered in the light of 

their ability to assimilate aeronomic , economic and sociological 

matters . If a particular form of technology is recommended in a course , 

the assumpticn is that 5 t  is technically i'easible, profitable , suit

able for widespread anplicati0n and well adapted to the knowledge and 

awareness of the people to whom we address >mrselves . This is why , 

when we are drawing up our programme, we have to enlist the aid of 

agronomists , economists ,  social anthropologists and educationalists . 

If we are going to teach mathematics to a student , not only do we 

have to know the subject but also, and above all , we must �now the 

student . 

In this paper , we shall examine the content of the courses 

developed over the last nine yea:-s . Our first-year course has been 

reurinted four times and the last edition was completely recast . We 

obtain Ci rccnsiderable amount of feedback from the work done at home 

by course subscribers as well as from working sessions and tours 

during which vie- meet both students and course supervisors . 

Corresp6ndel'!ce courGes , ce:mbined wi tl-:.. seminars and local tuition, 

are an example of low-cost technology applied to teaching and train

ing. Although the capital outlay is quite high because a drafting and 

applications team with high qualifications and considerable practical 

experience is required , the marginal cost is very low. The number of 

subscribers to the course can be increased many times over without it 

Oeing necessary to build teaching premises ( course work is usually 

done in groups at people ' s  homes ) or to engage salaried personnel 

since practical work , which only occupies each group for a few hours 

a month , is supervised by the existing extension service. The yield 

on the initial investment is enhanced by the fact that the basic 

docu�ents in French have been translated into English , Arabic and 

Indonesian by the Food and Agriculture Organisation (FAO ) �or projects 

in India , the Philippines and Latin America ; into Amharic ·and Kirundi 

by INADRS-Formation pending their translation into a number of other 

A£rican vernacular languages , and into Portuguese by the Caritas 

Brasileira of the State of Maranhao in Brazil . 
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The aim of the agriculture courses i s  to improve the l iving 

standards of peasant farmers by teaching them better techniaues based 

on empirical knowledge and the experience acquired ove� generations . 

At each stage in the acquisition of new skill s ,  course subscribers 

take a lead from their experience and learn the technical minimum 

they need to increase their output and accordingly their income . I f  

the annual growing cycle is followed , farmers who are accustomed to 

the rhythm of Nature can acquire ��w knowledge more easily . 

THE CHOICE At"VD PREPARATION OF LA!'!D 

In traditional farming , the individual is left little scope for 

choosing his own land : it is generally allocated tn him by the leader 

of the community . The choice is made on the basis of sue� empirical 

cri teril:i as the colour of the eart:r, and the natural vegetation, with

out any regard for crop rotation or fallow periods . As a result , 

shifting agriculture i s  the practice . 

In our courses , the peasant farmer learns to know his land . By 

means of a simple experiment , using the earth from his fields and a 

box �itn holes in it , he learns to distinguish the p�ysical components 

of the soil , such as sand , silt and clay . From observations made on 

his land , he studies the qualities and defects of his various fields 

as determined by the degree to which they contain a given component . 

From the same experiment , the farmer also discovers the presence in 

the earth of organic matter, such as leave s ,  roots and st.ubble, which 

decompose to form humu s . The course goes on to study soil life and 

the microbes which break down the humus and convert it into mineral 

salts which provide food for the plant � .  This piece of technical 

knowledge is very important because it shows the farme� that manure 

an-t chemical fertiliser are necessary to make his fieJds fertile and 

that the fields have to be protected from damage by erosion and the 

devastating bush fires . 

In trRditional farming , the land i s  tilled by hand with a hoe , 

which may take various forms but does not turn over the earth or dig 

in the grass cover . Ti�ling does no more thar. prepare the ground , 

remove weeds and ventilate the soil . In a very few cases like yam 

and ca�va , the farmer makes mounds or ridges to ensure that as much 

as possible of the humus in the surface soil layer i s  concentrated 

round the plant root s . 

We teach simpJ e techniques such as the uprooting nf tree stumps 

with hand tools and then with a winch in cases where groups of farmers 

are involved . Tree stumps left in the ground form obstacles to ploughs 

used for land preparation and weeding , and they also compete for food 

with the roots of planted crop s .  
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By the study �f plant ro0t s , knowledge can be gained about the 

ro l e  of manure and fertiliser in soil structure and plant nutrition . 

Plant feeding is a ne\"/ technique which our students learn . r1anure 

and compost , which are easy to make and require only the invest

ment of labour . are studied in detai l . The study of mineral fertil

isers i s  not omitted but stress i s  laid more on its profit-yielding 

_:'eatures .since the purchase of ferti l i s e r s  impl i e s  some fami liRri ty 

with farm accounting. 

SOWH!G A.:.fll:D TENDHTG THE CP.OP 

In a tradit2onal situation , the farmer i s  quite capabJe of sow

ing or planting sub s i stence crons at the proper time and at S!Jacings 

which take account both of the plant ' s  needs and the f�rtility of the 

soil . The technique becomes mnre difficult when new crops or more 

produc�ive variet i e s  are introduced . The farmer only makes a rough 

and ready selec�ion o f  his seed stock and keeps the best heads o f  

f'"rain , cuttings or -cullers for planting in the following season . 

·;;itl1 modern cash crops and the improvements made to subsistence 

crops , we have to s+.udy sowing techniques which , a lthough inexuensive, 

require considerable care when being applied . Sowing has to take place 

at the right time , especially in the �ahelian region where the growing 

�ea.son is short . .Sowing aJ so has to be at the right spacing , so that 

a larger crop can b e  obtained from the same area without requiring 

extra "Vmrk fc.r weeding, hoe in!! and plant dressing . The use o f  more 

n-:"oductive seed varieties and treated seeds are two techniques which 

can be a source of substantial profi·: for a mini mum outlay . 3y study

iDE the nl anting-out technioue for certain crops , the way is paved 

for s-:udying- market gardening whi ch , with its advanced t.echnolo.e:y , 

i s  "?articularJ.y attractive as a result of the gr0wing req11irements 

of t::e urban consumer . 

Just as the study of ] an d  preparation leads on to the study o f  

�nimal-d rawn cultivati 0n ,  the l of!ical se�uel to an analysis of correct 

�'":lacing� and depths for sowing is the study of simple imulement s ,  such 

as drills and planting whe el s ,  to ensure proper planting . 'il'? then go 

�n to the more complex mechanical sowe r , which i s  an expensive piece 

of equipment but without which a really good crop cannot be guarant eed . 

In traditional agriculture , the crop i �  tended merely by weeding 

with a hand hoe at infrequent intervals - on account of the di fficult 

and tiring nature o.f the worl� - at a time of' the crop cycle when weeds 

grow quickly . The farmer is defenceless against the inEects '"'nd 

diseases which atta.cl<: his cr0n s .  The only poss ibJ.e means o f  combatting 

insects is tn destroy them by he.nd and the only remedy readily avail

nble to the farmer af.'ainst d i s: e:: se i s  the admittedly clever but 

�. carcely '?ffective techniq' '.e 0i' soreadinp: wood-ash on the sick plant s .  
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In our courses ,  the farmer learns why it i s  important to weed 
crops at frequent intervals : weeds �r0w faster than cultivated plants 
and corr:pete for mineral nouri shment and water . '.Vi thout any extra 
expenditure , frequent and proper weeding provides the plants with a 

better food supply and o ften eliminates the need for costly spraying . 
But weeding is a tiring business and study of animal-drawn hoes 
teaches the farmer how t o  reduce fatigue and increase the efficiency 
of his w�rk . Weeding with an animal-drawn hoe is a more souhisticated 
technique than hand ploughing . The seeds have to be oronerly sown in 
straight rows and the animals b'Ave to b e  very well trained so tha-r: 
they can pass between the row<; with-Clut damaging the plant s .  

"Sy applying the simple and inex-::!ensive technif1ue of harrowing 
and ridging , the farmer learns to mal<:e the most nf the water in the 

soil . Ir!'igation or drainat_:e are somt=>times necessary fnr some crops 
and for certain types of soil The basir. investment requirement for 
these twc water-ut ili sation tec-hniaues can be quite modest at the 
outset . Only :;_ater do they becnf!le more costly when the farmer improves 
them by b'.lilding earth dams , irr lg:atior.: channels and �imple drainRp:e 
systems . 

The IJresent-day chemicals industry provides the farmer with 8. 

wide and varied range of treatment yroducts for protecting hi s crops 
and his animals . In the past , the traditional farmer was c0mpletely 
defenceless but today many resources are at his disposal . However 
these products are expensive and mistakes in e.pulicatinn can prove 
cOstly . ":'he study of treatment products and acpliances i s  by no means 
easy , since it involves a knowledge of chemistry and machines , as 
well as plant physi ology , and yet it is an essential requirement . 

Consequently , in our courses , we ztudy the physiology of plant 
stems , leaves and san . All this knowledge is useful to the farmer 
in hi s day-to-day life since the conversion of raw sap into elabor
ated sap by the chlorophyl function is at the very heart of agricul
tur e .  It is important for the farmer to be aware o f  all these pro
cesses which det�rmi�e whether harvests will be good or bad . 

PARVESTDTG AND POST-HARVEST TREATMENT 

In traditional agriculture the entire crop i s  harvested by hand . 
At first , the crop i s  gathered quickly because difficulty has been 
experienced in bridging the gap since the previous harvest . Later on , 
harvesting slackens off because transport conditions are poor, and 
some of the production i s  often lost . Once the crop has been gathered 
it has to be preserved tc provide for family needs in the first 
instance and then for sale at a later stage since it would only fetch 
a low price at harvest time when the supply is abundant . Storage 0f the 

harvest is not an easy matter and the farmer has few means at his 
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disposal for combatting humidity , the damage caused by insects or 

the rotti�g of perishable produce . 

If better crops result Irom selected seeds, harve sts are more 

abunda..J.t but they are more dif . .ficul t and trying I or the farmer. In 

our courses, w� study simple implements that speed up the farme r ' s  

work and make i t  less back-breaking such a s  sickles for rice harvest

ing and scythes and rakes for grass c"Jtting. Animal-drawn implements 
like the groundnut digger are slightly more expensive but they make 

the work much easier. Others, like small carts, despite their high 

price , become increasingly useful to the farmer \'/ho has expanded 

production. A large number of trip� have to be made between fields 

and farm and between farm and market and all too often women have 

to carry everything on their head . If the farmer has a cart , he and 

his wif� are freed from this irks0me constraint. In this way , the 

draught animals are of better use since they work all the year round. 

Furthermore, a cart is indispensable if manure is to be used properly .  

Problems o f  harvesting anG, in particular, of producing grain 

and fruit crops lead on to discussions o f  plant physiology and 

especially of fertilisation. Although this phenomenon is known to 

farmers, it is hardly ever explained very clearly and hence it is 

important to present the subject in as simple and complete e. manner 

as possible in our courses . The cultivation of selected varieties 

is becoming more widespread, hybrids are beginning to be popular, 

and the farmer needs the basic knowledge to be able to understand 

how fertilisation operates. 

The s·torage of agricultural produce ir. difficult climatic con

ditions is another problem £acing the farmer who has expanded his 

crops and wants to derive maximum profit £rom his labour. Our courses 

go into this problem and attempt to work with the farmers in studying 

simple and inexpensive means of conservation and storage such as sun

treated seedstcd:s, hay silage and so on. 

STOCKRAISII!G 

Domestic animals are kept all over Africa, from the herds of 

sheep and cattle of nomadic herdsmen to the chickens, goats and pigs 

in the villages of sedentary cultivators. However, these animals are 
virtually unproductive and are often signs of wealth and prestige or 

a form of stand-by capital. Animals are not slaughtered on any sys

tematic basis but only on special occasions such as religious festi

vals and f'am1.ly celebrations or ir. honour of visitors . These animals 

which are raised : n  the traditional manner, do not re-quire much care 

and receive even less . The farmer invests little in them but they 

also produce little and the mortality rate is high, especially among 

the young . 
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Herds are a source of wealth , but wealth that is dormant and 

our courses endeavour to assist farmers to • awaken • it . The modern 

peasant farmer must use his animals to produce more eggs , milk and 

meat in the same way that he uses his land and crc�s to produce more 

food for himself and his family. The first technique taken as a sub

ject of study i s  that of animal feeding . By improving the feed (gra s s ,  

grains and tubers) produced on his land 9 the farmer can obtain more 

from his cattle without spending much . Even more important he thereby 

acquires stockbreeding skills and !{now-how he often lack s . Another 

valuable low-coat t echnique studied in our courses is cattle hygiene ; 

this includes the use of vaccinations and first-aid with simple 

remedies available to everybody , as well as the construction and 

maintenance of simple but healthy stal l s .  Once all these techniques 

have been mastere d ,  the course goes on to study animal physiology 

and � in particular , nutrition and reproduct ion. By studying nutri

tional problems , we teach what animals need by way of upkeep for 

production purposes and how the farmer can satisfy these needs . In 

studying reproduction , we tackle the very important problem of selec

tion and the improvement of animal breed s .  These are more costly 

techniques which can cnly be envisagecl when feeding , hygien� and 

day-to-day care have been improved . 

In training draught animals to asstst him in his work in the 

fields , the farmer assimilates a very difficult yet most valuable 

technique . He really becomes an agriculturalist and acquires a skill 

that is respected as much as any other . He combines cultivation with 

stockraising, improves his working and living conditions and diversi

fies his output . With the manure from his animals ,  the farmer learns 

the technique of fertilisation, which is a sour·ct: of wealth for his 

lru1d , his crops and himse l f .  Shifting cultivation is no longer neces

sary . 

LOW-COST PRODUCTION TECHNIQUES 

f.1o st of the sub s i stence and cash '-raps currently produced in 

Africa are studied in the second year of our courses , as are the 

di fferent forms of stockraising . The student himself chooses the 

options he wishe� to study , depending on the region he comes from 

and the crops he produces . The proposed outline i s  always the same 

and the course goes over the age-old techniques known to everybody 

so as to enable the student to identify them , giv-e them careful 

thought and attempt to explain why they are used . 

After 3tudying the day-to-day techniques used in village s ,  the 

course suggests an initial series of techniques for improving culti

vation . Thesf.;! tec:tilliques encourage the student to use h:J..s sense of 
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observation and point to improvements that cost little or �othing 

since the farmer has seldom any cash . These improvements do however 

entail careful thought and planning on the farmer ' s  part . I f  seeds 

are sown at the right time, and if that time i s  specified for each 

crop , the chances o f  success are increased . I f  there i s  a delay of 

only ten days in sowing , half the crop may be lost . This i s  a tech

nique which i s  easy to apnly and does not require any investment -

all it needs is a rational organ i sation of work . In the same way it 

may be preferabl2 to weed a millet crop earlier so as to leave more 

time for sm1ing cotton on the date recommended . 

The number of times a crop is weeded deter�ines whether the 

harvest will be successf'ul or not . This t echnique , which is studied 

in the course , can be easily assimiJated and does not require any 

costly investment s .  I f  a cotton crop , for example , is weeded three 

times instead of two , tl1e production will be m1-1rkedJ y highe r .  

Another exampl e  o f  a siwple improvement wh5. ch can be achieved 

by everybody at the cost of additional careful-< nlanned labour i s  

pig-breeding . The local breed o f  pip: which can b e  found in many 

African conntries is left free to finC its own food; it reaches a 

weight of 6C kilos at tbe end of two years � if it lives that long. 

On the other hand , an animal of' the same breed will only take one 

year to reach 60 kilos if it i s  kept in a clean wooden pigsty with 

a thatch roof and stone floor � if it is fed every day on produce 

.from the f'arm and on garden and kitch�n waste and if it is given 

plenty of wat er . 

Obvious ly , these low-cost techniques are no longer sufficient 

when the farmer wishes t o  progress furthe r .  He will then have t o  

make a n  investment i n  c a s h .  But the fact that he will have already 

been successful in applying simple low-cost techniques will make it 

all the easier and more profitable for him to assimilate more sophis

ticated one s .  Animal-drawn cultivation is a good example . It requires 

a high investment and a complete range of skill s ,  including training 

o f  oxen , veterinary skil l s , mechanical know-how, noil fertilisation 

and ac counting . This t e chnique will work to the farmer ' s  advantage 

only if he has already mastered other t ecr�iques requiring physical 

or 11ental investment and involving such operations as the uprooting 

of tree .stumps , sowing in rows at the right t-ime with proper spacing 

and so on . A..11.other example of' more advanced tecP..niques requiring the 

investment of capital is the use of insecticides t� treat crop s .  

Complex appliances have t o  be purchased and the handling o f'  expensive 

products that are toxic f'or both man and animals must be caref'ul . 

This technique , which calls for a knowledge o f  chemistry , zoology 

and mac}line s ,  can give high yields only i f  it i s  applied to a crop 

on Vlhich :::�.11 the other work (pl oughin g ,  sowin t; ,  weeding , prtmin g ,  

and so on ) has been carried out properl y .  
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THE PEASAN'l' FARr.1ER AS AN ' DTDUE:TR!ALJ�T 1 

The pensnnt farmer is n0 longer merely a producer o f  crops and 

cattle and his occupation can be likened to that o f  the head o f  an 

indu::;trial firm who has to forecast production, organi.se sales, 

calculate expenditure and administer his asse t s .  This implies a very 

different role for a cultivator who was accustomed to re�ying on 
other ueople such as the authorities , ·:eclmical adviBors , and traders 

tc- think out and solve all the:=e manaverial nrcblems . 

In the traditional system, the choice of crops and animals was 

governed by the hab its of the village community , and the individual 

did not have to decide for himse l f .  The amount of food that had tn 

be produced was determined by the ccn3Uffit)tion requirements of the 

village , which lived in a subsistent.:€ economy . The peasant farmer 

has now entered a market er:onomy . He still produces food for his own 

use but he now also produces food crops for the urban ccn.sume r ,  raw 

materials for industry and cash crops for exnort . AJ 1 this involves 

new sldlls . In our courses , concrete examples of notential ly attrac

tive crops are given to encourage students to refl_ect on the matter, 

to envisage what work �d expen.diture will be needed i f  a particular 

crop is chosen , to calculate the yield from the land and to estimate 

the volume o f  the harvest . The cnmbinati0n o f  cultivation and stock

raising obliges the farmer to organise his production and make pro

vision for feeding h i s  cattle ,  anC they both require forethought .. 

method and infor�ation . 

TEE NARKETHTG AND FOOD DISTFIBUTIOr! SY�TFJ! 

!n traditional agriculture , the peasant farmer does not have 

to give much thought to the problems of marketing . As soon as the 

harvest is gathered he sells part o f  it to a trader because he needs 
money quickly . The trader offers a price which the farmer can scarcely 

question , because he has no other means of disnosin� of his crop . 

Frequently , the need for money is so acute that the farmer sells 

more . than he ought and no longer has enough food left t o  tide over 

his family until the next harvest. Ee often has to buy back food at 

high prices , usually from the same trader to whom he sold his crop 

at harvest time . 

The title of one of our courses is "Bow to sell crops at a 

higher price" . This is a t e chnique which is learnt in a market 

economy and one that the farmer must acquire i.f the profit of his 

labour i s  not to go entirely t o  other peopl e .  He' has to learn the 

law of supply and demand, he must find out about the tastes o f  

customers and consumers , assess the risks and hazards o f  transporta

tion and be aware of the prices prevailing on urban and village 
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markets. Most of the problems involved can be solved if he picks up 

a number of simple techniques , such a s  harvesting the crop when it 

is at the proper degree of ripeness , drying it perfectly , sorting it 

out into different qualities and presenting and packa p.ng +,he product 
to the consumer ' s  taste . Storage of the crop in who) '-; or in part , so 
that it can be sold at the best time , i s  a mG. � davan(ed technique 
which requires substantial investment and considerable technical 

knowledge i f ,  for example ,  a watertight silo has to be built or if 
the foodstuffs which are stored have to be treated to protect them 
from insects .  Transporting the produce to larger markets where prices 

are more attractive can often be envisaged only if an association is 
formed with other farmers : the normal transport capacity of a truck 

is too large for the produce of a single farmer. This technique which 
is studied on the basJ.s of specific examples and precise figures , 
enables the farmer to consider and understand the need for group 

marketing . 

THE ROLE OF MONEY MlD CREDIT 

In a traditional barter economy , money i s  of little importance . 

Wben cash crops are introduced, money begins to circulate in the 
villages but the farmer is not familiar with it and has difficulty 

in mastering it . The largest amount of money he ever sees is when 
the sale of his crop i s  negotiated . This money soon usually passes 
thrrmgh his finger s :  creditors claim their entitlements ,  taxes have 

to be paid qt once ,  repayments on loans are demanded, and a host of 
touts often make sure that what little money is left to the farmer 
i s  spent on the very same day. 

Money is a necessity in a market economy and people have to 
:earn how to handle it . It is one of thP. techniques studied in our 
courses . First we teach some arithmetic since the farmer must know 
how t o  count if he i s  not to be caught out by traders who are more 

skilled than he is at handling figures .  Our peasant farmer ' s  arith
metic book provides the student with an opportunity to revise his 
knowledge 0f the four basic operations . With simple concrete examples 

it sb ...,�·.s him how to calculate yields and percentages and how to check 

the amounts shown on weighing machines .  
Another part of the course covers the farmer ' s  accounts by means 

of a simple system which enables him in a first �tage to ascertain 
his income and expenditure . It teaches him how t6 make provision for 

his expense s ,  investment s  and repayments on loans ; it then shows him 

how to draw up a technical budget to keep a close watch on his money . 
In order to convey this accounting technique more clearly , the course 

goes step-by-step through the story of a village family wbi _.:� owns 
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various fields and animals ,  and has to solve its day-to-day problems 
of spending and buying. By following the story of this family , whose 
sons go to school and can write and calculate the cost of everything , 
the student learns the technique . The course concludes with concrete 
examples of data charts for crops and stockraising which teach the 
student to calculate the prospective yield of a particular crop , and 
underst:and why one crop brings in more money than another. By calcu
lating the amortisation of the family ' s  agricultural holding , its 

production costs and expenditure on equipment , he can work out a 
balance sheet , unde�stand what it means and find out if money has 
been made or lost . 

The farmer has always used credit , even if he does not call it 

by that name . In order to bridge the gap between one harvest and the 
next he borrows a certain amount of food from a neighbour which pe 
returns , together with an additional amount , after the harvest . If 
he needs money outside the �arket time , he borrows from a trader and 
pays back in kind at harvest time . The interest rates on such loans 
are usually very high: if the farmer has borrowed 20 francs , three 
months later when the crop is harvested, he will hand over a sack of 
coffee worth say 30 francs . Moreover , he often contracts loans for 
consumption expenditures but seldom for production purposes ; this 
makes repayment very difficult . Another widespread form of credit is 
the ' tonb.ne' or ' kitty' - a group credit arrangement to which each 
member contributes the same amount each month ; the t otal amount is 
allocated to each member in turn . The farmer who wishes to make pro
gress has to turn to modern credit facilities: however useful tradi
tional forms of credit may b e ,  their volume is not very great and 
they are a heavy burden on the farmer ' s  budget . Money from the common 
purse of the ' tontine ' ,  although less costly , is often used for non
productive expenses such as traditional celebrations , marriages or 
consumer goods. 

Modern agricultural credit is much more complex than the tradi
tional forms of credit . Information has to be obtained about the 
different types of loan s ,  the interest rates , the collateral required , 
mutual guarantees and personal contributions . cash flows have to be 
worked out and ar��ual repayments calculated . In an endeavour to pro
vide the farmer with guidance in acquir�.ng all this knowledge , our 

course on credit uses the .story of a far-mer who wishes to progress,  
and who i s  in need of money . With the assi stance of an extension 
worker , he weighs up the problem and tries to find out how he can 
manage . The story goes stepw·by-step through all the representations 
the -farmer has to make to apply for and obtain the loan . It then 
shows him how he organis�s his work to produce results from the money 
obtained so as to be able to meet the annual repayments .  This simple 
but comprehensive story enables the farmer to have an all-round 
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p i cture of the problem . He acquires a very thorough knowledge of the 

credit system, of ways and means 0f obtaining a ] Gan and of the terms 

and conditions cf repayment . 

U:?GEADHTG THE TRADITIONAL VILLAGE GROUP:l:N.:iS 

There have always been groupings o f  peasant farmers in village s ,  

including work groups t o  do difficult ,jobs i n  each member ' s  fields 

in turn, mutual a s s i stance groups to care for the fields o f  the sick 

or the absent , or celebration groups w.b o s e  members worl< together and 

save the proceeds of their lEbour to have a celebratioD . 

A stronr spirit of villap.e solidarity and an ine;rained hA.bit o f  

working together have gt'own out of these groups .  'Lfnwever , owine; t o  

tl:J.eir rel._ative l a c k  o f  structure , these groups nQ . anger meet the 

present-day requirements of agriculture where the:' energies of all 

wust be harnessed i f  there i s  to be some progress . The old snirit 

can and should be unheld and adauted t o  more firmly structured and 

more efficient types of association . Our course on associations 

attempts to meet this need . It uses c�ncrete stories to explain why 

it i s  diffi cult for one farmer on h i s  own to make progress without 

arou:::ing the ;jealousy of other s ,  and to show that a united and deter':"" 

mined group can produce much more for each of i t s  member s .  The co�rse 

then goes on to explain the condttion.s that have to be fulfilled i f  

a group i s  t o  b e  succes sful . S o  many attempts a t  co-oneratives r.a-�c 
failed that it i s  very important f0r the farmer to have a clear under

standing of the factor governing the success o� an association. The 

farmers themselves have to choose the members of the group :�nd then 

the group selects an immediate aim that can be easily achieved so as 

not to d i s s ipate its effort s .  The selection of group leaders i s  

important since these people will b e  responsible for organi.sin!Z the 

worl< , representing the groun on outside matters a1 i ensuring com

pliance with the rul e s . 

In narrating the st0ry at· a village ·Nhich has set up an asso

ciation , the course explainc the reasons behi;nd the. decision , the 

motivations of its members and the nitfalls which have t0 be avoided 

i f  the initial enthusiasm is not to turn sour when difficulties crop 

up . As the story progresses , the course brlngs the student to reflect 

on the actions he has ,i'_lSt read about , to unde::.�stand the reactions 

of the characters in the story and to draw conclusions that will ·guide 

his o1m personal actions . 

The techniques taup;ht in our courses al�e not theoretical , They 

are based on the observations which ou�""' student subscribers have made 

in their villaees and their fields . They are illustrated by concrete 

examples and they are dynamic in that they incite the students to take 

action to improve their own lives and the life of their community. 
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I 

XVI I I .  THE ROLE OF NON-GOVERNMENTAL INSTIT\JTIONS 
IN THE INNOVATIQr-T PROCESS 

by 
* 

John 1N . Pilgrim 

Maize was introduced to African <.J€ _;_ sants in Kenya by European 
farmer settlers at the turn of this Cf�ntury , and was actively encour

aged as a crop in African farming ?_:ceas durin,,. the First 1.<Jorld ·,far . 

The concomitant introduction of new ploughing , mil1ing , storage and 

trans�- �t technologies in these areas led to the development in the 

1920 ' s  of a market economy based on maize . The new crop progref'sively 

came to replace or supplement the traditional cultivation of finger 
millet , and the t e chnical innovat ions which accompanied it paved the 

way for th"· growth o f  Kenya 1 s present agri cultural mar\.;:et ecnnomy . 

Three ,:spects of this innovation process are o:f particul<:lr 

r elevance here . The first is the appropriateness o f  the� 2 ne·.�· tech

nologies .  The second is the adaptive character of the orpanisations 

and institutions which either fostered the innovat i nns or were 

directly affected by them . And the third , w�ich bears d i rectly upon 

a country 1 s  development policie s , is the el;ect of technological 

innovation on social and agrarian structures . The main theme under

lying the present paper i s  that non-governmental organisations 

( churche s ,  ectucational institution s ,  research centres , p:;.�ivate group s ,  

et c . ) can play , and have played i n  the past , a major role i n  the 
developme-nt process by f'o stering technical and social innovat ion , 

and in particalar appropria7e low-cost innovati0ns . 

THE !NTRODUC'T'!ON OF MAIZE-GRO\'IIUG !!_\: KENYA 

One o f  the main reasons for the succ� ssful adoption o f  maize in 

the Kericho District of Kenya { l ) was the exi::.tence of .:attle herding 

* 
The author was the Director o f ,  and i s  _curr<'ntly advi sPr t o ,  the 
Centre for Applied Research of the Panafr i c E n  Institute for Develop
ment in Douala , Cameroon . 

1 )  Although this section focuses on 
be emphasised that the processes 
and processing in other parts of 
d i fferent . 

one oarticu�ar district , it must 
of illnovation in maize cultivation 
Kenya ware not fundamentally 
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as the main male economic activity which made it no ssible to use 

oxen ,qs draft animal s .  Production o f  maize for the market thus became 

mainly a man ' s  activity , w�ile women cnntinued to produce finger

millet for home con sumption.  The basic innnvat.ion in production tech

nology was the iron plough , manufactured in England and introduced 

to Kenya at the sar.J.e time as maize . This innovation had an immediate 

and profound effect rm the agrarian structure and induced far-reach

ing changes in the use of land and labour and in the nroperty system. 

The tradional method of milling finger-millet , by rubbing it 

be�ween f.�at stones , was not applicable to maize . Morever maize was 

unsuitable to traditional methods of grain storage , being more sub,iect 

tl· .;.nfestation by weevils , and for these reasons was not immediately 

?• . ..... n ·  _ . '. ':l Le for dome:=;tic nse , 

I <:- s  gradual adoption p.s a dual crop , for hoiile cnnsumption and 

· ·-�.- ;1 sal e ,  was therefore dependent on the introduction of appro:priate 

:Jl.�lling and st0rage methc)-:.� s .  '!'he first of these technologies in the 

form of imported iron .r.,c:-.::tCi ,r.ills and l0cally-made water mills , was 

le��ned from missiona ries ; the second , in the form of onen crib 

stores , from both nL t:: si �.: .. ·'l'iE's and European farmers . 

Both technologies had been developed over a period of hundre�s 

o f  years in Europe , and were st1.2.1 used in Europe and the United 

�·tates at the beginninf!: of this centurv when they ;..-ere introduced 

into Kenya . The ml.s.s irr.'J.Y'ies who played the most active part in this 

t��ansfer of' tec:hnolo.�y were mainly American . The water mill which 

em:nl.oys the princi:;le cf fravity drive by water wa.s not a scaled

;:!own mod ern technology , but a traditional medieval technology. It 

continuee to be the main means of milling for home consumption in 

i(enya "today. Such mills are generally owned and managed either by 

ir.d i'<' ::dua"!.s 0r by sr.1all grouns nf three 0r :four men . 

T:::E :'•JAn: FEATURES OF THE Il\TJI!OVATim; PFOCESS 

Research into 1:he overal1 agraric:n anC. institutional prncesses 

which were associated with the development of maize cultivation and 

post-harves� technology has brourht to light a number o f  important 

elements in the diffusirm o f  these innovation s ( ! ) .  

One of' these i s  -:-he critical role o.f environmental circumstances 

in the initial adoption of maize cultivation . Soils and climate were 

suitable and maize presented an attractive alternative to traditional 

forms of capital accu.mulation like livest .)C\..;: ownershi p .  '�"'his was in 

its�::l f  a d ifferential and differentiating process . 

l )  S e e  J . W .  Pilgrim , Agrarian Development and Social Change in an 
African Society, Centre of Apvlied Research , Pcma.frlcan Institute 
for Development , Douala , 1975�. 
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The inn,, vators were entrenrcneuria1 in character , An� wi-- en 

starting to grow maize f0!' the mar:V.et , were preparerl tn en1-<'l.r-e ir1 

c �m fl i ct with fe ,_low-vil larers . The d i ffi cuJ t i e s  +.h i s  creat ed are 

c learly· srelled ou- in two �0vernment reDorts which ccn be ou0tec1 

here . 

"A situat i0n is a r i s i n �  in South Lumbwa Di � ::rict which m2v wel l 

:nrove a rnatter for anxiety in a ;--ear or tw0 . ;._ n'_mt e'� o -<- the 

more advanced , .i n s i g i s  are p1 o:wh owners , ·u:cl 2 s  the ��r i h e  h:J.:o: 
no system 0f land tenure , "'ther then 2 E  2. cnmrr:1n>� "t:'' , t'n e se 
plough owners tend -,;o  cultivs.te ver:.' lArrre area."" i-rrl eer-1 , t!--::u; 

rerl.ucing the avai lab l.e amrnmt of rraz in:- . . . .  11 • ( 1 )  
"A growinrr c l a s r.  of int ere st s betv,reen the ' i r- .� i .- i .c:: R rT )''1J' 1 � t : 1 r i � t  
anrl the KipsibiS pastoralist i s nnticeab-t e .  :' h e  nne '.l s e .: 2 r'' 0ugh 

and brings large areas under cuJ t i vation and the other a J J.uws h i s  

�1erds and f locks -ro tramnle and consu.'Tie the en!3uinf crn:; s . Fencin[ 

o f  small gardens is the general practice b�t la rfe acrease� cannot 
be fenced becau�e in most c.reas there i.s a� Rlmo�t cnmrl ete lad;: 

o f  fenc inp: m8.teria1 . 11 ( 2 )  

These prob::.ens were also noted by an nntbro})e>:!.0,'� i st fr0::1 C'xford 

Unive rsity : 

1 1In every co::nrnu.· ity one or 1:'dO wealthy -ce0L'J.e no.;o." e s co  2. -:--:� our:h , 

and they hire -rhem 0ut tc the other::: . . . People hllo have sole:! 

a few cor,.rs tn buy a rlo·_t,sh have m a d e  l arge -."Jrr;fitc; b:· thi s trans

action , as they hire the rl'"J'lfh 2.1: a very higl' rat e . . . .  �0metirr.es 

money is not demanc'ed , but the man tn whom the p lo'.l?"h ::.s lent i s  

asked t o  assist the owner i n  ploll,!?·hing · , r  weedinf! hL� f i el.rJ .:: 

• • • •  11 ( J )  

These differen t i a} , caJi tal accumulative r8sponses were rein

forced by in�titutional and cognitive su:_opo1·t tc t:he individuals and 

grnups involved . 'Phis support '.vas orovided mainly by mission member

ship and schoolinE , by employment experi ence with Euronean farLters 

and by recruitment to administrative post s -,.ri thin the l0cal cnlonif.J. 

government . The 1 a.:riculturalists 1 ploughing- u:o lar_9:'e area s and 

build ing water mills were mo'.:'t often m i s s i on-educateG anr he� c1 rnsi
t i on s as headmen and chiefs , often after snending seven•_l years 

working on local Eurrrpean farms . 

1 )  District Commi s s i o ne r ' s  F:eport , i< eri chc District , F1 3ll . 

2 )  District Commissioue r ' s  ::\encrt , Kericho ::_.istric t ,  19"5E . 

3 )  J . G .  Peri stiany , The Social Ir::.:otitutior.s of the ¥: i n sigi s ,  Lond on , 
1939 . 
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Access to new technol<;>gy therefore tended to be accompanied by 

exceptional access to initial capital input s ,  to administrative and 

JUdicial pr-u-:::ection and to educational resources . 

During a cri-tical period of ten to twenty years , plough agri

culture and innOvations in economic and domestic behaviour were 

generally closely associated with mission membership . The first water 

mills belonged to notable mission adherents ,  who had been helperi to 

construct tPem by the missionaries . The mills were sited at ' Christian 

villages 1 - groups of adherents who had clustered together , usually 

around a school . 
Land enclosure ( i . e .  the dividing up of the community ' s  land 

into individual or nuclear family holdings and fencing or hedging) 

was an eventual direct result of these innovative land-use practices , 

and again tended to reinforce the technical and economic advantage 

of the innovators . In 1960 this advantage was still discernible as 

a correlation between mission adherence and land ownership . 

In general , however, differential adaptation to innovation and 

to a cash economy was related more directly to the size of land 

ownership . Research a-t one _y�llage in Kericho District showed for 

instance that in 1960 , 66 of the-- il2 - land eW!lers_had 16 acres or more 

and that 57 owned 15 acres or less ( l ) . The affluent farmers empJ oyed 

a much larger number of hired labourers: ��enty-eight (42 .4 per cent) 

of the large land owners employed one labourer or more , as against 

only one out of the 57 small holders . Twenty-four of them ( 36 .4 per 

.cent ) had planted tea as against nine ( 1 5 . 8  per cent) of the farmers 

with 15 acres or le�s . Twenty-two ( 3 3 . 3  per cent ) of the affluent 

farmers had sons who had passed through some secondary education and 

were now in some form of government or white collar employment � as 

against two ( 3 . 5  per cent ) o� the farmers with 15 acres or less . 

T:'":"E ROLE OF NOI\"!-GOVERNME!'TTAL INSTITUTIONS I.'T THE INNOVATION PROCESS 

The st.nry ::;!' maize-growing in Kenya shows not only that tech

nological innovation was accompanied by the emergence and formation 

of innovative , entrepreneurial men , but also that the institutio�al 

support which was a necessary corollary o:f this process led inevitably 

to internal institutional change . One effect of this has been the 

creation of different classes within the rural population. The rela

tiveJ_y wealthy and privileged in terms of material resources had 

1 )  These figures do not reveal the extreme cases of innovative 
inrlividuals , such as the man owning 168 acres , who had benefited 
from the fact of playing dominating roles in the early pr�cesses 
of agrarian change .  For further detail s ,  see Pilgrim , op .cit . 
pp . l09-H l .  
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access to capital , t echnology and influence ,  while the relatively 
p0or and underprivileged did not . 

This i s  a very general pnennmenon . In most developing countries , 
the agricultural extensio� system ,credit or�anisations and other 
support services tend to cor:t inue this dist inct-ion by operating with 
the ' progre s s ive 1 and relatively wealthy farmers rather than with 
thE ' backward ' and relatively poor ( l ) . 

But in more general terms the lessons from this experience of 
t e chnological innovat ion at the level of a poor farming population 
are relevant to the more consciously designed ' d evelopment project ' 
(unheard of in 1920) . One of them in particular i s  the r0le of non
governmental institutions , of which the mission is a prime exampl e .  

The mission ' s  function a s  a succes sful a�ent of technical change 
rests upon a number of factors . The first is its stabiJ. i ty -v;:1ich 
allows it to act a s  an ongoing institutional base for inr. ovat i0n . 
The second is its conscious effort in training and educati�n ; this 
work incidentaL .. J matches man to technology and technology to man . 
The third is the fact that it opera�es on a low-cost , local material 
basi s .  The fourth i s  that it does not consciously set time limits , 
and i s  thus prepared to continue its efforts over an indefinitely 
long period . Finally , it does not set out to provide any superior 
external experti s e ,  nc•r does it base i t s  authcrity on technical know
how or on privileged links with a national or international techno
cracy . 

By and large these assets continue to be those of non-governmental 
development age�cies . It is worth while asking why in particular 
organisations with missionary origins should operate in this way . 
One answer i s  that their main purpose i s  to integrate themselves 
into the loca.l structures and local culture , and that it is not any 
specifically religious need that induces them tv behave in this way . 
A repearch organi sation, or an educational institution, has similar 
motjvations and similar capacities for endurance and adaptat ion . 

Historically the same role was played in the United States by 
the land-grant institutions with their commitment to a tripartite 
function o f  training research and extension . In \'le st Africa , the 
Institut Africain pour le D�veloppement Economique et Social , the 
Panafrican Institute for Developm�nt and such universities at Ife , 

1 )  s e e !Uels R6ling , "Forgotten Farmers in Kenya11 , paper prepared 
for the OECD Seminar on Development Projects to Reach the Lowest 
Income Group s .  Pari s ,  June 1974 , and Joseph Ascroft , Piels R6ling � 
Joseph Karinki and Fred Chege , Extension and the Forgotten Farmer , 
Landbouwhogescho o l , \Vageningen , 1973. 
R�Dng and his colleagues demonstrate that , in a neighbouring area 
of Kenya , credit and agricuJ tural extension services are similarly 
channeJ.led t<.; the wealthier farmers ,  and that in consequence the 
diffusion of hybrid maize is impeded over a major part of the area . 
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!bad �m and Ahmad u 3e l ", 'l Nigeria , Njala in Sierra Leone , and 

;..::umasi Institute c f  .'-;c. � "  �1ce and Technology in Ghana are playing 

s irr..i l a r  rcle.s of techno1oricaj extension ( 1 ) .  

These ncn-�nvernment.al in�t it' ..... tirms are not primari1y thoE".e 
','.':h i c h  ;::ov2n;r:;e-T t 2· and external_ develo-rment agenc ies think of or !"eek 

to create in order t o  accel erate development or to achieve a sueciflc 

technnln.cicaJ chanr;e . Genera1 ly speaking , t!le ma,lor institutional 

machinery used for these purposes in rural areas is that of routine 

ext en s i on or 0tbe:r rural development services . Universities and other 

re ::: earch and educat i ,...,na� inst itutions may contribu�e to these servi<'t:'S 

:i.ndirect � y  (Jr in a limit ed context , but -J:.hey are in thoJmse lves usually 

cnmple Lely d i ffe:rent in structure fr0m -che centrally-based bureau

C"r@cies o:f:' the governmen t sector . 

If ,·esearch and educatinnal in::otitutions d o  not as a rul e prC'" dde 

an adequz.te machinery for the diffusion of' new technology , it i s  

equally true that the track record o.f agricultural extension services 

has be2n mar%ed by a constant tendency to fictionalise act'.ievement . 

Thus in Ghana , wh.ile the agricultural se :;-vi ces saw no diffi culty in 

evaluating increases in cocoa prc:duction in terms of the technica1 

services they o;�fered to cocoa farmers , subsequent research has shown 

that �he cocoa farmers in fact succeeded in increasing production by 

vi:-tue of their m-m economic understanding of land and labour utilis

ation . They had early learned the lesson that the economics of cocoa 

farming required that t!le farmer ignore the technical advice offered 

year-in yea:!"'-0ut over a quarter of a century by the agricultural 

service .s ( 2 ) . 

In Kenya the government ' s  agrarian policy hc� s been based on the 

understandin( that individuaJ holdings were the only path to the 

development of ?gTi culture and in I:ericho Di st ri ct i:n the 1950 ' s  the 

enclosure programme conducted under t.1e guid ance 0f the agricultural 

service was claimed to have ·oeen the b a s i s  of a totally changed 

economy based nn commercially-oriented agriculture ( 3 ) . In fact , there 

had 'oeen virtually no overall change in agriculturai production over 

l) ') e e  the papers by P .  Dubin on the Il'!ADES , and by B .A .  Ntim and 
J .  Powell on 1\umasi University in this book. 

2 )  S ee f-olly ?ill , Nigrant, Cocoa Farmers o-f f,outhern Ghana - A Studv 

in !iural cauitali sm , Cambridge University Press , Cambridge , 1963 . 
3 )  ::: e e C . >.' .  Barwell , "A Note on Some Changes in the Economy of the 

Y,:i:nsigis Tribe " ,  Journal of African Administration , VoJ . Ci ,  l\To . 2 ,  
Anri J.. l :J ; C . D_t: . 9 5-
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a thirty year period , and enclosure had in any case tal<.: en nlace 

spontaneously through internal processes to which tr'e government had 

previously been fc_,r many years opposed . Recent prosneri ty in the 

district has largely come about through tr_e effects of mi F�Tant ware 

labour. 1olhere tech.rtical innovations and a new commercia' ly-oriented 

agriculture were developing , this was basically , as vie have wYted 

above , the work of men with entre!lreneurial characteristics who 

learned from the experiences o f  a Euro:pean-based ar:ricultural economy 

and f·rom the missionaries . '.Lhese innovati'ins � whic/'1 Cate from the 

introduction of maizf� as a cash era� in tbe 1920 ' s ,  we c'e a cauf'e 

rather than a result of land enclos1.1re , and g0vernment a£encies 

played littl.e if any part in the nroces.s . 

One reason for the general weakness o f  a�ricultural extension 

services is the absence nf an P and D capability n: the "':yne which 

universities or other research institutions could nrovide . 3ut tne 

importance of P and D in low-cost technology shoulrl_ nnt be \'ver

emphasised . Account mJst be taken of the fact that all in�wvative 

technologies are experimental anU that the social processes of 

adoption are often very long. 

In this context the H and D function may best be carried out 

by an institutional structure with rugged and �rimitive caf!abilities 

of learning and perseverance rather than by one \dth sn"JhisticateC 

technical means at its d i sposal . Succes:.:; wiJ.l come from an ab il ity 

to communicate in the language o.f the peo�l e ,  to use local resources 

and to operate at the cost level of a l oca'-- ponr :meducated society , 

rather than in the language and with the resources of external tech

nological or admini strative institution s .  These are the qualities of 

the missions rather than those o f  the research ::.tation . 

Any attempt to emulate thes� qualities must however be conducted 

in a way which will avoid the defec t s  of ti1e missionary approach . In 

fact , the examples of effective action on t�e part of non-governmental 

organisations are greatly outnumbered by the ca:?-":3 of failure due to 

irrelevan�e . noor learning capacity , lack o f  means for wide-scale 

extension, poor links with the major social and economic development 

efforts provided by public agencies , and lack o!' awarenes s  o f  the 

broad changes in land and labour use . There is no merit in rugged 

and irrelevant endurance . 

There is , equally , no virtue in slowness for its ovm sake in 

the processes of learning and response .  It cnuld be argued that where 

a missionary type involvemeP.t has led to technological innovation, 

as in the Kenyan case cited above , this is usually because tbe learn

ing and testing process i s  in fact taken over by sharn-minded entre

preneurs . Entrepreneurship will , however,  by definition , always lead 

to a differential p�ncess of adoption of new technology . Development 

objectives (as against the objectives o f  simply introducing techno-
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, ogical change ) may therefore need specifically to be framed in terms 

of control over these O.iffe:rential processes which dis criminate between 

individual and individllal , grouo and group , region and region . In this 
context , the R and D wl1ir.h i s  required may be essentially o f  the over

all planning typ e . 

TEE :SA?ERIENCE OF TEE PANAFRI CAN INSTITUTE FOR DEVELOPMENT 

Apart from the missions , another type of non-governmental organ

isation whi.ch can play an important part in rural dt:V"ll opment and the 

diffusion of low-cost technol ogy is the training and educati onal insti

tution . One such case is the Panafrican Institute for Development 

( PAID ) . It is an international non-governmental anrl private orga!1is

ation , affiliated in vari0us ways to the United Nations and other 

internRtiona1 ore;anisations and supported financially by some twenty

five government s and independent aid agenc ies . It has a small office 

in Geneva and four institutions in Afri ca , all located for the moment 

in the United Repub l i c  of Cameroon . 

PAID Jtarted in 1965 as an inte!'natior::al college , \..rhose function 

was primarily to train middle level development staff from francophone 

African territories , whether from [overnment or from non-governmental 

agenci e s . Its main concern i s  with rural development (and especially 

with agricultural and rural training generally ) ,  community develop

ment ( ' animation rural e ' ) ,  sub-regional p l anning , co-operative organ

isation and pro:}ect management . Five years later a similar college 

was set up for Engli sh-s:oeaking African trainees in Buea , in the 

anglophone part: of CaFJer0on . In 1?72 and 1973 respective1y , the Centre 

of Applied Hesearch and the Centre for Fro,lect Management were created . 

A major aim of PAID has been to maintain the link tetween train

ing , research and manageMent and at the same time to strengthen what 

h e. s  alw-ays been a primary concept of the Institute , name l y ,  direct 

involvement in the field in collaboration with the local population 

and �ti'..e admin i strat ion . UntiJ now this has be·en achieved only to the 

extent\ trat national agencies use PAID trainees in functions which 

corresp,)nd �rith their training . More r ecen�:.ly with the creation of 

capability to conduct research on a sustained b a s i s  and to provide 

a s s i stance with planning and management , PAID has begun to :find itself. 

inv0lved dL�ectly with government and other agencies in the formula

tiOr! of development programme s , and has had to recast its own structure 

and aims to maintain and improve control of its operations . 

The patt ern which has emerged i s  one in which PAID can operate 

over a relatively long period at the sub-regional level without 

relinqui shing its traditional t�aining role but linking it to research, 

planning and management a s s i stance for the integrated development of 
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a zone (which m � ght be a province or district of the assisted country ) . 

This pattern is illt.strated by programmes currently undertaken in 

Camero on . 

One question which arises in this context concerns the nature of 

integrated rural development a s  a planned operation . In the South 

',·/est Province of Cameroon , for example , feasible low-cost t echnol'"lg

ical innovati.Jns can be introduced in the \'illage-level rubber and 

o i l  palm pJ antation s ,  in -c ... -3 storage of mai.c e  and root C'!"'ops and in 

the raising , processing and marketing o f  pigs . �uch of PAID ' s  present 

research is con�erned with the simultaneous introduction of these 

innovations at the farm level , in the curr�cula of primary schoo l s , 

in out-of-school vocational trainine centres and through the training 

of development agen t s . 

This ha s ,  in our mind , particular relevance to the working out 

of methodologies for integrated rural development planning within 

which flow� of capital and technology can o c cur . In the absence of 

comprehensive data for the zone , planning may be effectively ;Jrovided 

by the linking of specific tecPJlological innovation to ed�cational 

a:::td other informational processes on the one hand and to ma:c-l.o:et 

structures on the other . The other essential p:rerequisite for such 

a process of sub-optimal plmming is that of an on-going institutional 

capacity t0 evaluate and feed back "the experience of innovative action . 

This in our present operations may be provided by PAID initially but 

ul·i':imately it poses the need to provide for an indigenous insti tu

tional capacity for R and D ,  which we believe has to operate at the 

leveJ nf a geographical and administrative zone . 
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XIX. LO.f-CQS·r TECHNOLOGY, COST OF LABOUR MANAGEMENT 

AliD INDUSTRIALISATION 

by 
* /-1. . J .  Bl1alla 

F!TRODVCTim.' 

\Vhat i s  low-cost ted·u-;oJogy? -\fuile terminology is not always 

v;hat matters very much , it i s  useful to define the context in which 

the �ractitioners of low-cost technology operate . Low-cost technology 

L1ay be defined as technology which is low in terms of capital (uhysi

cal plus worJ<:ing) , foreign exchang e ,  labour skills and any othSr in
nuts which are after::;_ scarce in the rura:r_ areas of developing countries 

in part icular, and in the economy in general . On the other hand , it 

is hiRh in terms of abundant local resources ( e . g .  indigenous mater

ials and unskilled labour) . In addition , if one looks at the tech

nology :'rom the output point of view , it may he lm-.r in terms of scale 
o.f output , and sometimes even in terms of the quality of the product . 

In this �hort study , the cost cf labAur management will be 

related to the c'hoicc o f  technology in the process of rural indus

trialisation . It is oi'ten argued that low-cost technology might often 

be ls.bour-saving relative to indigenous technology , yet labour

intensive enough to raise questions 0i' high costs of supervision and 

management . �'le shall examine this hypothesis in the light o f  empiri

cal. evidence about industries in developirig countrie s .  It will be 

maintained that management costs arising from such factors as rates 

of labour discontinuities , increase in supervisory wages , ·and social 

resi stanc� to labour dismissal , etc , are also in:f luenced by the nab1�� 

of industrialisation strategies that are adopted, and the modes of 

production (wA..ge-based. or family-tased) tmder which different tech

nologies ope1'ate .  It is for this reason that a brief section below 

* 
The author is Chief of the Technology and EmplClyment Branch , iiorld 
Employment Programme , of the International Labnur Office in Geneva . 
This naper is written in his uersonal canacitv and does not neces
sarJ:! Y J:.etlect the views of the organisation With which he is 
associateG . Fe has received helpful suggestions frnm Prof .  Subbiah 
i(annappan . 
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is devoter:-1 t0 �echnolo,sica_L tre.nsformat io"'- nrc,cesses in industrial is

at ion befnre analysinf" the relc.tirmshic between labou : ·  manap-eme-nt 

costs and lcn·I-cnst tecrmolorv .  

�ECPh:CLOGICAL TBA�·-· F01:iFtJ...TIOI-� S'I'PATEGIES 

It is 0ften ��r.s:ued tllat the rural areas and the urban ' infnrmal ' 
sector are the main sourc es of } ow-co s·:: techno l o g i e s .  E.'ven i f  the 
technnlogie.s currently nrevailing in these secto-rE' may not necessarily 
b e  econo�ica : l y efficient , it is pa�sible t o  achieve lower c o s t s  of 

t:roduction by rais inf t h e  technalo.2'ical :!.eve] o f  tra(Htional tech
nolcr;ie!O' . This prnce.ss of modern i s ation crmlC either b e  p-redu::Jl or 

tr)O rapid and d i s c ontinuous ( l ) .  Fowever , the latter ' crash morlernis

e.ti0n 1 st ra tegy under which the rural and urbnn 1 informel ' sectors 
play only a na ss ive rnle in the deve i o nment nroce::-s , and under w};ich 
the "ouL� of the Jimi ted resfl'.lrces are concentrated on the smaU se;s

ment of }_arge-sca1.e modern indus-try is likely t0 militate ap;ain st 

rural i:ndu�tr"-iali -::ati0n and 1 r.w- cl"lst technr. : n .� i e s . In fac t , a 'l•l licy 

0: ra:1id terhnolor_;icel trans f0r;cJe.tion is only li'::ely t0 disnlace 
the :cural if'"ustry and artisan sect0rs unless the lat ter are 'Jr0-

tected t!1rou;h some sort of subsidy . On the other hand , the gradual 
1:rans.:ormation nolicies are l i:-:ely to ensure a comnlementary d evelop

ment of rura1 and small-scale industry anc mndern larfe-scale indus
try . 

The experience of rural industrialisation in China and of its 
'walking on two legs ' polir.y clearly demonstrates that leg-one 
( larger-scale and capita�-intensive) , and leg�two ( small-scale and 
labour-intensive) uro;j e c t s  were l inked to ensure uroductivity improve
ments in the latter . Since the Great Leap Forward , increasing atten
tion has been paid to narrowing the gaps between the two legs ! 
emphasising fuller utilisation of existing capital stock in large 
modern industry to mai<::e resources available for ensuring technical 
improvements in the traditional technologie s ,  small-scale and rural 
industries . 

The linkages between Bf!:riculture , rural industry and modern 
industry in China are illustrated in the diagram below which i s  
borrowed from Sigur�son ( 2 ) . It i s  shown that rural industry i s  

1 )  For a co:nnarison and contrast, between 'prop.:ressive transformation ' 
and 1 era sh modernisation 1 prorrammes in a quantitative frameworl{ , 
see Keith Marsden , " Integrated Regiona.l Deve J.onment : A Quantitative 
Approach" , International. Labnur Heview, June Jg6u , 

2 )  Jon Sigurdson , The Rnle of Small Scale and Rura l Industry and its 
Interaction with Agriculture and Large Scale Industry in China . 
The Economic Research Institute at the Stockholm School o f  Economics 
(mimeo ) ,  �.tockholm, 1974. 
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ex:9ected to be complementary to both agriculture and modern industry . 

Rural industrialisation i s  introduced in gradual stages . The first 

stage represents rural industry as an in-termediary between agricul

ture and modern industry : producing industrial inputs for agriculture 

and processing agricultural outuut , and receiving equipment , tech

nology and training frm. 10dern industry . At the second stage , rural 

industry and agriculture become partly integrated ( shm.·n by inter

secting circles ) ,  with agriculture supplying more and more raw 

materials for light industrial products aYJd wi t;1 an emerging tvm-

way relationship in modern industry , In the third stage , rural indus

try is complementary to both agriculture and modern industry , and 

integrated with rather than el iminated by the latter . Oualitv stan

dards of prcducts of rural industry and improvements in technology 

taJ(e on additional importance at thi ::: stage . 

Although the s chema below may be a rathe� simplified version 

of real-world situations in many developing countrie s ,  it does show 

the workint:· of a gradual transformation of' rural industry in the 

context of which the cost of labour management issue needs to be 

examined . 

DEVELOPMENT OF RURAL INDUSTRY · 
INTERACTION WITH .�GRICULTURE AND MODERN INDUSTRY 

STAGE 1 

STAGE 2 

ST/l.GE 3 

/--, 
/ ' I Rural \ 

<::::::>f mC:usl!y I<==== I I ' / , _ _  
Markel Development of 

development appropriate technologies 
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lECP.NOLOGY , MANACEf'.'!ENT AND ORGA!'!I.SATimi 

Hirschman can be c8nsidered as one of the early and controver

sial writers who r.-ointed out that in developing countries the require

ments of labour are proportionately much larger when les� capital

intensive methods are used , due to lower labour efficiency and lower 
managerial experti.se ( l ) . His prescription is that a developing economy 
can make more efficient use of capital-int.ensive methods , especia1_ly 

ir.. machine-paced (as against operator-paced' industries , since the 

labour force is unstable ,  inexperienced and less disciplined , and 
managerial talent very scarce . If tl:'ese techn0logies are used , the 

differential in industrial productivity between developed a.nd develop

ing countries will tend to be narrower than might other-wi se be 
expected . 

Implicit in the above prescription is also the choice o f  a par

ticular industry-mix in the developing countrie � .  In support of his 
hypothesi s ,  Hirschman considered the following types of industries : 

(a) {:':'ocess-centred machine-paced ina•_.:_stries , e . g .  oil-refining , iron 

and steel smelting , and cement me.r,'lfacture , and :·b ) product-centred 
operat�r-paced indust ri e s ,  e . g .  construction and fabrication indus

tries , carpentry , brick-laying , metal-workin15 , where tools and 
machines are largely accessory to workers . 13y the nature oi' these 
industrie s ,  it would seem that those in category ( b )  lend themselves 

to rural areas and small-scale nperations much more than the latter. 

Equating nrocess-centred industr i e s  with machine-paced capital

intensive cnes somewhat arbitrarily , Hirschman argues that the latter 
are more efficient . This is so because "machines set a rhythm of work , 
a steady pace and standard n0rms of efficiency difficult T.o ensure 

when the work-force is undiscipli'1ed" . Secondly , management costs 
may be lower with machine-int�nsive methods because the mechanical 

or chemical processes define pr�cisely f0r the manager "what i s  to 

be done where and at what point' of tlme . • •  11 • Thirdly , another argu

ment in favour of macbine-paced integrated continuous fl0\11 processes 
is that they require adequate maintenance . However , since machine 
operations are also dependent on adequate maintenance skills which 

may be in short supply in developing countrie s ,  it does not neces

sarily follow that capital-intensive operations have as high a pro

ductivity as in the developed cormtrie s .  Even within a developing 

country , given the capital-intensive technology in two dif�erent 
plant s ,  large differences in product:i.vi ty may be observed. . This i s  

due not t o  di fferences in capi_tal per worker, but mainly to differ

ences in managerial efficiency (caused perhaps by motivational 

l )  Albert 0 .  Hirschman , The Strategv of Economic Develonment , Yale 
University Press ,  New Haven an0 London , 1958 . 
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factors ) . Pigher nr0du c t i vity may also reeult from a s impl e renrr;an

isation invnl vinf rlanr:: lay-out , mate r5. a1 s hcmdlinf , wa s te c rn") t r,-.,� s ,  

e t c � ( l )  

Firschman 1 s  general hypothesis tha-c the greater -the depree o f  

ca;Jital-intensity in industry, the sma l ler t h e  labour product iv ity 

di:fferent i a i_ �)etween devel0Ded and develo:,1ing couJ1trie� , has be�n 
e�-:-_,iricel l y  t e s ted or. the b•� E- i s  of re.ther af'p:rep:atc data pub 1 ;i shed 

in nati0nal censuse s of me.nufa c turinr; . -:le sha-:. 1 briefly examine t h e  

conclusion..: o f  the'e '"' t e 2t s ,  t h e  l s. s t  o f  which (by Gouverneur ) i s  

�lased on t h e  <�se o f  �,�_ant data . 

\a1··l o :3  Aleianjr,.., ha2. examined the com-pare.tive l_)rofi.uct ivity of 
industry in t :r. e  :J.c and Argentina ( 2 ) . By n:.6di.fying t h e  f�irs chman 

hyp0thesis he has tried to find out i _f ,  when the labour-inteLsity 

o f  Argentinian industry increase s ,  the productivi ty differential 

t·Jith resyect t o  Meri can indus cry also tend s to rise . Pi .:: results 

�rovide ucmly I;'lccJ e c t  su:;::nx,rt for the a !': sumption thet ind•-.1stries with 

low L.:bour-inte:'lsity ·:end tC1 be a'3soci2ted with impnrt-su!J.st itution , 

�'lhiJ.e t�o� e 'tli -'::0 hi.<;h labO'l!'-inteP sity faJ.!. more int c the cate.rory 

of h0me or nrm-·-':: ra.r_�eo.b1 e _:r:r>od s " . To t h<:: ext ent t::>at rnra•_ industri al

iEatim1 tl_!_rnur,h a "gradual tre.n :::o formatinn s'trateey- 11 reouires war_;re

goods DB!1Uf�cturec1 for llmited :_oca1_ market s ,  the ,s::>eat er l abour

int ensity of ind ustri es would prevail a t  least initial J y .  Ii. may also 

be , a s  we shal l examine in the followin{:f se ct i on , that h�me industries 
:.n ru:--al areas 0r :::maJ ! towns are more l..ab0u�-inte�::: ive nr use 1 ow

G 0 s :  � ec:molo;ies because t h e  international comnani es with advanced 

:nana�emcrn: and :,1roduction technioues 2.re much more likely to invest 

cenit3.} in imT'ort- :::ubsti·tutine J are:e-.scale industries than in the 

srna 1l- .::ca1e domestic one s . 

"he ::'eC:·')nQ empiriC' ,l tes-:-. i£ based on a c0mpariE"on oi' 110 brnadly 

2ir.Ji 12r lnd'c.:stries in the UJ·: and Indi a for the yee.rs 1_(1::.1-59 and 

1960 ( 3 ) . 'i'here i s  no c onc1 u sive or de f.ini t e  evidence to support. or 

refute Pirs chman 1 fi  hypothe s i !? .  In s ome extreme cas e s ,  labour-intensive 

:_ ) ;s e e  :=·eter :-�ilby, 11 0reani sat i nn and Productivity in Beci':v:ard 
�crmomies11 , C>uart er -� y Journal of Economi ::: s ,  ��ay 1962 ; and Parvey 
Leibenstein , tt_A.ll.ocative Efficiency versus 11'X-Efficiency11 , Amer-ican 
Economic Review, June 1 C?66 . 

2 )  Carlos F .  Dia z Ale<;nndrr: , 11Indu.strialisation an0. Labour ?roductivity 
Di fferenti a2.11 , :s·_eview of 3conomi c .s and E'tat i sti c s ,  f'Tay 196 5 .  

'3 )  .] .1'-' . :·�e n�ey, 11Tn0ustr i a "- i fation , Canital -Intensity and Efficiency" , 
.:.2_11-LE:-tin of tt.P. Oxford Univer.sity InFtitute of Economic s and 
?to.ti s-tiC:§.• I·-rwember 1'-Jb.S . 
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industries may be particul arly inef:fi c ient ; this does nnt nec e o oc::ri ly 

mean that cap it aJ - intensive industries &re es:;re c i e l ly efficient in 

an ir.dustrially l e s s  developed cnuntry . From the n� .".:: ervec a � s o ciation 

between ca:->i tal.-intensi ty and e ffi c i ency in some industri e s ,  Peal ey 

concludes that this 11 ma:,r be more !Jlau� ib l y  attributed to a ' t echno

logiGal gap ' hyf!oth e s i s , rather than tne L="irs chman ty-:1e s0ciolnsical/ 
p sycho , , �ical thesis1' . 

1 �•tno logi cai r:aps between the d eve1o'Jed and Cevel opin;:_:- c0untries 

are l ikely t n  be narrowes t  in tt.e c a s e  of -l:: he mnst canital-intensive 

rather than in the case o f  lab our-int ensive inCn.str .:_ e s .  The reason 

for this i s  the greater i n r ernationaJ mobility of physi cal eauipment 

as compared to labour s>: i l l s . This factcr i s  rel evant tn the cnnsi der

ation of supervisory c o s t s  a s s o c i..:.ted witt-: A lt ern;:;t ive tecrnn l nr::i e s  

( s e e  t h e  followin� sectinr � . 

The third and perhaus the most recent emniricel -test rel&tes t o  

individual pl ant s in the shipbui ldin:?: and flour-m i l l ing inchJ .':' t :-' ie ::o  

i n  Zaire ( formerly Congo-Kinshasa ) ani 3elGium( � ) . The secrnd of 
these two ind'.lstries i s  nrocess-cent:-'ed and theref0re relevc.nt t n  

rural industrialisation . The -;-)lants analysed b y  r,'Juve:--ne�r were a l 

run by exper ienced 3elgia.n entrepreneur� . Thi�. me2n."' -::tc� -:: -:-.rn�'Jctivity 
d i fferent i a l s  were lv.a inly due t o  the !1ature !"'): t�,e inrlucotrieEO anC t0 

their type o f  operat i o n . �he empiri cel analysis shows th.st the prnc'uc

t i-vity differential between Zaire and Be:_,r:ium in 196Y was h·� ner cent 

in sh ipbui ld in£ and 30 p er cent in f'lour-mi l lin.r . Thi s r::tay be seen 

a s broa d ly support in,?; the ��ir::o chman hypothe s i s ,  name1 y thet produc

t ivity di fferentials would be hip:her in pr0duct- cent :-'ed ( oneratnr

pac ed ) industries tl-J.an in prcces :::-centrec' mc.chine-paced inrlust ri e s 

even when similar techn0lo�?:ies are ut:"ed in the develoned anC deve lon

ing c ountri e s  ( emphac; i s  add ed ) . 
�ov1ever , t�e Couv..:;rneur study has a merit over the eA.rlier tv.'('! . 

It brings tn the foref'rrmt an as sump·tion im-:J l i c i  t in Ei:r-s c!"!m"'.n 1 � 

arp1ment s ,  namely that productivity d i fferent i0.1 s between � eve loued 

and devel opinr, countries wi 1.1 tend t') be !:Ue.l:i. f,..,, 2.l l. n"r""lerati nns 

since the central mechanical :processes indirect1. ;.' set the �s.ce nf 
al l other ancill ary operat or-"!")aceC. oneratir:>:!:. s .  'T'lci-5 hy";lothe s i s how
ever i s  contradicted by the fact s , a s  can be seen from the O�t� 

pre::oented in the table below. 

The nroduc t ivi ty d i ,:ferential between the Ze.irian and 0el.gian 

flour m i l l E'  i s  30 per cent for _ill pror1 1Jction workers ; it i s  only 

4 per cent for ':hose j nvol veo.:1. in the 1 tecbnical flow-sheet 1 (machine

pac ed ) operat ions . 

l )  J .  Gouverne'.lr , "!lirschman on Labour "Pr0ci.uc t i  vi ty Different i al s : 
im Empirica·l lmaly s i s 11 , Liulletin of the Oxi'crCl. Univers i_!:y Insti
tute c f  �conom i cs and Stat istic :::: , Aug�1s": 1970 . 
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'�-�-.: 
i�i?_:;;,t:_.;: 

A .  

B .  

c .  

LABOUR PRODUCTIVITY DIFFERENTIALS BET1:JEEN ZAIPE A.ND BELGIUM 

(Flour-Milling, 1964) 

Belgium Zaire ( 3 )  
Production workers 
Ail nroduction workers 100 70 (60) 
Workers in 'technical flow sheet ' 100 96 (71)  

( 1 )  
Workers in ' general handling ' (2 )  100 46 (46) 
General maintenance workers 100 66 ( 54 )  
All production and maintenance 
workers 100 69 ( 58 )  

Notes : ( 1 )  
( 2 )  ( 3) 

Machine-paced operatio�J .  
Man-paced operation s .  
The figures i n  brackets are riot adjusted t o  the rate of 
capacity (90 per cent) of the Belgian plant . 

A significant conclusion is that labour pr0ductivity differen

tials should be explained not simply as due to process- or product
centred j_ndustries but; the extent to which individual operations are 
machj�F -paced and operator-paced , and the degree of capital-intensity. 

The Hirschman assumntion that all machine-pa�ed operations are 

necessarily capital-intensive is a little over-simplified . Although 
the control and correction of mechanical process�s is treated as 
machine-paced operations , they could well be done by manual lot:-{-cos: 
technology . Similarl y ,  operator-paced operation�. like internal ·trans
portatior. also lend themselves to varying degrees of labour/�apital 

in�ensity and to different technological choic e s .  

SUPERVISORY COSTS 

It is often assumed that although labour-intensive technologies 
may be low-cost in the sense of economising a scarce factor such 

as physical equipment , they can be highly skill-iritensive . Since 
some types of skills tend to be extremely scarce in most developing 

countri e s ,  it is worth examining whether these technologies are also 
low-cost in terms of skills required . In this cor:.text , a distinction 
between different kinds of labour skills (managerial ., supervi sory , 
and other types ) is quite useful (l ) .  This distinction is important 

because the use of low-cost technologies in the process of indus

trialisation need not necessarily imply high requirements for all 

these types of skill s .  In fact , in many case s ,  the small-scale of 

operations within non-wage modes of production may imply an economy 

1 )  S e e  also A . s .  Bhalla , "Small Industry , Technology Transfer and 
Labour Absorption " , ·  in OECD Development Centre , Transfer of 
Technology for Small Industries , Paris , 1974. 
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o f  supervi sory , operative , and managerial skil l s .  The scale as well 

as the technologies employed may be conducive to family style non

specialised management which can dispense with complicated control 
procedures and hierarchical authority , required by sophisticated 

t ecP�ology in modern industry { ! ) . 

Case Study Illustrations 

a) In Tanzani a ,  att.empt s to introduce mechanisation in rural 

areas required constant recourse to government staff ( e . g .  agricul
tural engineers) with sophisticated management to ensure regular 
supplies of fuel and spare parts , and the proper use of machinery . 

When government workers were withdrawn , much of the machinery fell 
into disuse for lack o f  the above "external" input s . It was therefore 

decided that the work undertaken by two ILO/UNDP experts in Arusha 

on the design and construction of equipment prototypes should conform 

to the needs and capacity of the villagers themselves in the use of 

intermediate 'village ' t e chnologie s ( 2 ) .  

b )  In a pilot survey of 37 plants in three tropical African 
countries done by the ILO( 3) , questior..s ,,.,ere asked as to whether 

t;echnology in African industry was influen l by the quality o f  

labour , the training possibilities , and the ease o r  difficulty o f  

changing the skill-mix . The responses o f  managers varied , depending 
on the nature of the industry , the size of operations and the skills 

required . These responses led to the foll�wing conclusion s :  small
scale saw-m.i lling enterprises , engineering plant s ,  and some wood
working enterprises felt no shortages of skilled labour; but bigger 

plants ( cement , steel and engineering) using capital-intensive 

methods reported skill shortages at both higher and lower levels . 

c )  In the Nigerian manufacturing sector, the use of a greater 

number of older type of machines accompanied by the use of labour

intensive handling techniques is reported to have lowered the number 

of senior ( still largely expatriate) technicians required to maintain 

the more mechanised processe s .  However, this choi'e would involve 

1 )  For a discussion of technologies under dif ferent modes of produc
tion and employment , see Amartya Sen , Emplo*ment , Technologv and 
Development , Oxford University Press ( on be aif of ILO) , London , 
1975; and "Employment , Institutions and Technology - Some Policy 
Issue s " , International Labour Review , February 1975 . 

2 )  For an account of the Tanzanian exnerience, see George Macpherson 
and Dudley Jackson , "Village TechnOlogy for Rural Development " ,  
International Labour Review, February 1975 . 

3 )  

in 
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higher operative si<;:ill 3 ,  greater reliance on ll'igerian supervisors 

and greater vulnerability to interruptions as a result of human 

failure ( l )  . 
d )  In Kenya , in connection with the ILO-sponsored employrn€nt 

mission , a case study was undertaken on the semi-automat�.c and auto

matic processes in the manufacture of tin cans ( 2 ) . There was some 

suggestion that supervisory costs as a proportion of total unit costs 

rise in line with the degree of labour-intensity. The main problem 

about semi-automated processes seemed to be the requirement of super

visory labour which acte<i essentia11y as a substitute for worker 

skills ( 3 ) . In the case of r0und open-top cans , supervision costs were 

37 per cenc of total costs on the very labour-intensive lap-se.�!m.:.r,g 

line : they were proportionally lower on tnc mllre capitB.l-intensive 

lines ( 1 6  per cent and 13 per cent respectively ) . However , t:he super

visory costs rose sharply with the most capital--intensive process , 

rising to 21 per cent of total unit costs . It is interesting to note 

that supervisory costs are lowe::;t with intermediate tec.hn'Jlogies , 

and rise with greater labour-intensity and greater ca�ital-intensity . 

A related case study of can manufacturing in Thailand yielded 

plant data similar to that for East Afri ca , but sh0wed no clearcut 

association between labour-intensity and supervisory cost s :  the latter 

were. generally in the region of 15-20 per cent . However ,  the Thai case 

study " suggested an interesting qualitative difference between super

v i s i o n  on capital-intensive lines and the labour-intensive ones'1 • 

The supervisory wage rates are much higher on the automated than on 

the 'normal ' processes , and thiR i s  only partly due to the former 

b eine; � the high-wage modern than the low-wag-e ' informal ' sector. 

An important factor explaining this wage di fferential i� the type 

of supervision needed . On the automated proces se s ,  the supervisors 

are required to possess a high level of technical ability to manaee 

machines ,  whereas on the labour-intensive line s ,  they are mainly 

asked to organif"e large numbers of workers . The ILO case study argues 

that in develo9ing countries in general , the skills needed for organ

ising workers raay be more readily available than those needed 

l )  Peter 1\ilby , Industrialisation in an Open Economy: Nit;eria 1945-66 , 
cambridge University Press , Cambridge , 1969 . .  

2 )  ILO 

3 )  This situation in can-seal ing needs to be di stinguished from that 
of labour-inter.sive small works where supervision is a necessary 
complementary organisational input for managing large numbers o f  
men . In the case of manufacturing,  a more labour-intensive process 
may not necessarily require supervisory skill::; . Much dependE upon 
the preciBe pattern o f  skill inputs required for various technique s .  



:for superv1.s�ng machines on automated processe s .  This ,leads .the 
authors of the study to suggest that "the supervision may not -be 
quite as general a problem in the manufaCturing sector as it i s  
sometimes thought to b e "  ( 1 ) .  

e )  A report on Indian industry showed that good management was 
more important for task simplification than for mechanisation . Assum
ing one shift , poor management and poor incentive systems vmuld lower 
production in semi-automatic operations by one-fourth and in hand-fed 
operations by one-third , implyinf that good management i s  more impor
tant in hand-fed operations ( 2 ) . 

The foregoing illustratiGns give no clear-cut suppo�t to the 
hypothesis that the cost of supervision and management are higher 
with the low-cost labour-intensive technologies . Of course , 0ne 
di fficnlty with most of these case studi�s is that they did not 
assess directly the e:fi'ect of scale or v��;w:ne on the managerial and 
supervisory co�ts . However , to the extent that low-cost technologies 
are more suited to small-scale operatinn s ,  it wo�ld seem a nriori 
that management and supervisory problems could be reduced through 
the scaling-dcwn of plant s .  Besides , in the context of rural indus
trialisation , sma:l firms run by owner-operators and unpaid family 
workers do not r��uire intermediarie s ,  since organisation i s  much 
simpler.  With each production :.mit producing for its ovm conswnption , 
or with each individual working in producine a single commodity, the 
problem of co-ordination of simultaneous operation s ,  supervision, 
and marl(eting management (typical of intra-commodity division of 
labour) are either avoided or considerably reduced . 

One could also argue that given the scale of production units , 
more disciplined cultures would perhaps reduce the need for tight 
supervision . In support of thi::: hypothesi s ,  the Japane:.:>e system of 
management may beo put forward as a case in point . Unlike many 11'1.estern 
capitalist countries , in Janan traditional culture has not been 
replaced but rather has been assimilatet1 by industrial development . 
In an industrial enterpris e ,  or in any other type of organisation, 
it i s  the group rather than the individual which assumes responsibil-. 
ity for decisions . And as Harbison puts it "from the individua::. the 
ethical code demands unqualified loyalty to his group , subordination 
to his superiors , respect fr;r his elders and cOmplete identification 
with the goals of the house'1 ( 3 ) . These non-economic factors by which 

1 )  S e e  A . S .  Bhalla ( ed . ) ,  ILO, 
Geneva , 1975 , Chapter 4 in 
Kenya , Tanzania and Thailand" by Charles Cooper et al . ,  p . ll2 . 

2 )  United Nations , Choice of Capital-Intensity in Operational Plannin� 
for Underdeveloped , Cormtries , .paper presented by the Centre .for 
Industrial Development,· at the B�o Paulo Seminar on Industrial 
Programming, sao ·paulo , March 1963. 

3 )  , Frederick: Harbison{ "fl1anagemerit. iri: .J.apan"·, in- -Freder.i.ck. :Harbi·son---and 
Charles i\!yers , Mana!ement 'in the Indu3trial ·world - An International 
Analys i s ,  -McGraw Hi 1 ,  �ew York , 1960 ,  p .254. 



employment within an enterprise i s  regarded as a life-time commitment 

may tend to generate a sense of discipline which makes a high degree 
of superv...i.sion of workers unnecessary . The question that arises is 

whether the Japane:=;e-style 'paternalistic ' system , rmder v1hi0h the 

relation between the head of an enterprise and the rest of its mem
bers creates an atmosphere of co-operation and discipline can be 
£ound in other cultures . If �his situation is highly peculiar to 

Ja'p8.ri , what kinds of institutions are required in developing corm
tries_ - to relax the constraint of supervision in the application of 
intermediat5 technologies? This i s  an area which deserves much more 

attention and research than it has received so far . 
Supervisory costs may also be lowered if clerical or other less 

expensive staff could be substituted to do the job of supervisors . 
This brings up the question of substitution possibilities among 
different skills . The Chinese experience in road construction in 
Nepal where they used local village headmen to supervise local 
labour( l )  demonstrates that such substitution possibilities can at 
times be successfully exploited . 

LABOUR DISCONTINUITIES 

Hirschman ' s  hypothesis reviewed above implies that the 
structuration and stabilisa-tion of the labour force in developing 
countries would raise the chances of efficient use o£ operatnr-based 
technologies in product- and process-centred industries . 

One of the parameters indicating discontinuities of labour is 

the rate of turnover an� absenteeism which may both account for low 
labour productivi·ty . An attempt to reduce labour turnover is designed 

to raise labour productivity by stabilising the labour force and 
creating work discipli�e . Before considering the implications of 
these labour discontinuities for the use of low-cost technologies ,  

some concrete examples will be examined. 

Case Study IllUstrations 

:a) - -rt ha·s been r.eported that in about three-quarters of Puerto 
Rican manufacturing "plants , absenteeism was higher than .4 per cent , 

altho�gh even -an occasional 20-30 per cent did not strike some mana
as unusual. Strassmann notes that P'l. "electrical manufacturer 
ov�r 400 emp�oyees formd that absenteeism remained at 6 to 7 

in_-spite of new: employee s '  contracts with threats of 

S e __ e .- ILO, 
in -Nepa!_, 
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dismissal after the s ec0:nd u c currence . . . • . •  11 ( l ) .  
b ) In a sample o f  67 pl ant s , Gregory and Reynolds pointed ou": 

that 63 per cent had more than 4 per cent absentee i sm , aml mo st l y 

ov�r 7 rer cent ( 2 ) .  
c )  In the Indian textile industry , Hyers and :·:annappan note 

hotvever that turnover rates are rel atively lo\.,r , and absenteeism 

rates highec:-- . In :.udane::e textiles , even tu!'nover rates anpear high. 

2tra.s suenn distinguishes betvreen 'proficiency ' end ' c onsistency ' 

aspects of pro.-·hctivity and argues thnt abs".!nteeism i s  not so imDor

tant in lowering consistency as in avoiding breal{dovm!'O in production. 

One may hypothesise conditions o f  a simplified technol_ogy when eve:n 

high turnover anrt absenteeism may not be very troublesome to manage

ment. since replacements can he easily found or trained . On the other 

hand , in the early stages of industriali sation , the costs of t::truc

turin�-:r, an unC i scip� i ned an0 inexperienced labour force are l il<eJ.y t,..., 

be ��igher . 
One el ement o f  these cost s will be t�_e increase .in war::e rr:t es 

o f  sti l l.ed and uns i--:illed labour o.ffered either as an. incent ive to 

attract a .stRble vmr�-:- for c e  Ln the first '"llacc , o::-- t" induce �reater 

stab ·. l .i "':y among thnse who are a.lready �1.ired . :'ifher war,e.3 c2.n �e naid 

more ee.zil:;� by l ar_f,er :firms using mndern t e chnoJ.o_sjr than by the 

sma l ler -:mes . Althoug; <-t'l'3 latter tend to have hi_:�her turnover rates 

they may be l e s s  abl e ,. ,..., ''- :'ford these extra wa�e c a st s .  JlJlother in-

direct eJ. ement in th0 .5t is the "auxili ary management c o s- t s  \'Thich 

are direc-tly related t •' the use o .f  the factor labour and whi ch per

tain to s1.1Ch management functions like hi ring , induction , n::_aceme:r..t 

and supervinion11 ( 3· ) • For any given manaperial canabili ty . these costs 

wi l l  vary , denenCing on the qual ity o f  the r . .1.red labour and the 

general ]_abour mar'-�et environment . 

The aJro<..re C ·::' s t s  o f  EtaLi l i s ing the work-force may be more rele

vant t o  complex ouerati,..,n E  whicJ� also invo�ve con.s irl.erab l e  ::;';:ill 

accumulation in the C!lUrse o f  war;-:: . 'I'b.is w"uld b e  l e s s  true o f  1abour

inten!Oive innovat ions . The �-'> d P- of nroductio� in a ,o;iven indu.stry i s  

re1. evar.t L1 determin ing whe-::�er t h e s e  c o s t s  are ;}u.s t i f'ieC. in reJ.ation 

t o  potential benefit s ,  and YThether they deter innovat i on s .  1:i'here 

production i s  ore:anised partly o r  mainly outside the wage system , 

2 )  Lloyd G .  B e)--nolds and ?eter Gregory , �·!age s . ?roducti�:itv .ind 
Indu:"""trialisation ln Puerto F.i c o ,  Homewoor1 , I � lincJ. s ,  1965 . 

3 )  2ub"'u .:..ah i\.anna:vpan , 
Labour Force : Some 
British Journal o f  

11The Economics of s·tructurins an Indu stria l  
!1eflections o n  the Commitment Problem11 , 
Industrial Relat i on s ,  November 1966 . 
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"!::he varying needs of production can be met by using a less stabilised 

work-force . The casual labour marJ.�et is a source of cheap labour 

where wages fluctuate more freely in response to variations in supply 

and demand . The incentives to stabilise labour force may be slight 

in these circumstances . 

RESISTANCE TO LABOUR DISMISSAL 

The costs of management may also be higher when there are insti

tutional pressures a.;::.inst laying off workers . \fuen regulations either 

prohibit the dismissal of \\:orkers or enforce addj_tional employment in 

industry (as in Kenya under the Tripartite Agreement s ) , lab0ur becomes 

a quasi-fixed cost to management rather than a variable cost . The 

result is that there may not really be an in�entive on the part of' 

the managers to ir:troduce la.bour-intensive techniques or innovation s .  

Case Study Illustrations 

a) In the Thai case study of can manufacturing, management ' s  

attitude to labour was considered as one of the factors influencing 

the choice of technology . One of ��he firm� in the sample , which used 

hie;h-speed automatic mad_>.ines , rap into a number of labour-management 

problems . Given inadequate supervisory skills , line-operating labour 

for example had to be trained into supervi�ory positions . There was 

3ome apparent resentment on the part of tha labour force that promo

tion possibilities to supervisory positions within the plant were 

limited . Besid e s ,  the difficulties in running a high-speed line to 

produce a wide range of products re"'.-!1 ted in large machine down-time 

and a high propensity for machinery to "strike" . The Thai case study 

arrives at the rather unexpected co�clusion that labour management 

problems would have been reduced if more labour-intensive techniques 

had been used . 

The following reasons are pu+. forward in support of this hypo

thesis :  

a larger line-operating force would have meant a greater 

scope for potential supervision ; 

- a larger number of supervisory positions might have ensured 

greater promotion possibilities ; 

and a simpler operating routine of very low change-over 

frequency in a more labour-intensive technique would havP. 
provided greater scope for training and utili sing supervisory 

skil l s .  

b )  In the case o f  sugar processing i n  India,  i t  i s  noted that 

the mech�nisation of such operations as cane unloading has been 

avoided because of trade-union and social pressures for �aintaining 
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the present level of employment { l ) . There is another reason for not. 
substituting machines for men: wages constitute only a small fraction 

of total costs in these operations . 
c )  According to a Tripartite Agreement signed in 1970 by the 

employers ' federations , the trade-unions and the Kenyan Sovernment , 
the employers were to expand employment by 10 per cent of their 
regular establishment ( 2 ) . This was a short-term measure rather than 
a long-term one . Among the firms interviewed , one can distinguish 
between those which intended to expand in any case anct those which 
were required to hire addit�onal employees although they did not need 
them. No firm reported that its output h&j gone up as a result o f  

extra employment . Hany employers complained that additional workers 
were a pure cost since they contributed nothing to output . One firm 
even claimed that the administrative and sunervisory cost involved 

in managing the additional men had a sizeable neeative effect on 

output . None of the fi;. 1s interviewed reported nany major change in 
method of production , organisation , or capital intensiveness of 

technique in order to accommodate i t s e l f to the .4e;reement 11 • 

These case studies do not suggest any definitive conclusion as to 
the effect of legislation against dismissaJ_ on management behaviour 

with respect to inno"\�ati-Jns , investment and production decisions , In 
the case of Kenya , ti1e absence of changes in organisation or technical 
methods may reflect only the temporary nature of the Agreemen t . _  Even 
so , firms which are investing for expansion are unl�kely t o  find 
additional employment costly or burdensome . At any rate , the case 

study on Thai can manufacturi�g also casts doubts on the of't-quoted 
:cypothesis that increased labour-intensity of production ( o ften 
ill'_plied by "low-cost" technology) raises labour m<'l.nagement problems . 
It may actually be a positive influence . 

CONCLUDING REI"ARKS 

In this study we have attempted t o  show how the cost of labour 
management , labour discoi1tinuities , and social resistance to labour 
dismissal vary according to different t echnological levels . Emphasis 

has been laid particularly on the nature of modes of production and 
employment , and on the particular types o f  industrialisation strate

gies in the light of which different technologies and their applica
tion nee� to be considered . 

1 )  S e e C .G .  Baron , 11Sugar Processing Techniques in India" , in 
A . S .  Bhall8 ( ed . ) ,  Technology and Employment in IndustrvJ � · 

2 )  S e e ILO , Employment . Incomes and Equality, op .cit . ,  Technical 
Paper No.26. 
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Our tentative conclusion is that in the present state of know

ledge there is no de finitive evidence in favour of the argument that 

low-cost technologies are necessarily management- and sunervision

intensive . The influence of economic factors is not yet c l ear-cut : 

much less is the influence of cultural and other non-economic factors . 

Here".is ·.an area where fUrther reseS:rch i.s badly needed . 
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