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Preface to the Fifth Edition

The ride on the roller coaster of energy prices has gotten pretty wild
in the last two years. Oil, natural gas, and gasoline prices have been
surging to new highs in plain old ordinary dollars. Accounting for infla-
tion, these prices are not historic highs as of June, 2005, but they could
easily be there later this year. High energy prices—and especially high
gasoline prices—have always increased the public’s interest and desire for
new energy policies. For the energy managers, facility managers, and
other energy professionals, this interest has made their jobs much higher
profile work. New opportunities for implementing energy efficiency and
cost savings projects also come with this higher profile. Past efforts have
resulted in huge savings for many companies and organizations. How-
ever, all of these past successes have not eliminated—or really even
slowed—the continuing need to install new equipment, new technology
and new processes to produce energy savings as well as help reduce
pollution, and improve quality and productivity. Energy managers and
energy professionals are not going to work themselves out of a job!

The Guide to Energy Management continues as one of the leading
educational resources for the person who is active as an energy manager
or energy professional, as well as helping new people enter the fascinating
and important field of energy management and energy engineering. It is
the most widely used college and university textbook in this field, as well
as one of the most widely used books for professional development train-
ing in the field. In this new Fifth Edition, William J. Kennedy has com-
pletely revised the two chapters dealing with boilers, steam systems and
waste heat recovery. Some of the less practical material was removed, and
new topics were added to present material on increasing the efficiency of
boilers and steam systems. In terms of energy audits of commercial and
manufacturing facilities, the boiler room presents one of the major areas of
opportunity for energy cost savings.

The authors wish to thank Mr. Doug Tripp and Mr. Stephen Dixon
for their contribution of a new section in Chapter 1 on Energy Monitoring,
Targeting and Reporting. This method for taking energy use data and
turning it into operating decision information is a simple, but powerful

vii



technique for helping facilities control their energy use and energy cost.
This technique, coupled with the new discussion of Web Based Energy
Information and Control Systems in Chapter 9 begins to open the door to
some new opportunities that are available using modern Information
Technology in facilities.

Thanks go to the many energy professionals who have suggested
improvements to this book, and have helped point out errors or inconsis-
tencies. There is always room for improvement, so please let us know if
you find any parts of the book needing improvement. We always appreci-
ate hearing constructive criticism.

Good luck to all of you in your search for new energy cost savings
opportunities!

Barney L Capehart

Wayne C Turner
William ]| Kennedy
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Chapter 1

Introduction to
Energy Management

1.0 ENERGY MANAGEMENT

The phrase energy management means different things to different
people. To us, energy management is:

The judicious and effective use of energy to maximize profits
(minimize costs) and enhance competitive positions

This rather broad definition covers many operations from product and
equipment design through product shipment. Waste minimization and
disposal also presents many energy management opportunities.

A whole systems viewpoint to energy management is required to
ensure that many important activities will be examined and optimized.
Presently, many businesses and industries are adopting a Total Quality
Management (TQM) strategy for improving their operations. Any TQM
approach should include an energy management component to reduce
energy costs.

The primary objective of energy management is to maximize profits
or minimize costs. Some desirable subobjectives of energy management
programs include:

1. Improving energy efficiency and reducing energy use, thereby reduc-
ing costs

2. Cultivating good communications on energy matters

3. Developing and maintaining effective monitoring, reporting, and
management strategies for wise energy usage

1



2 Guide to Energy Management

4. Finding new and better ways to increase returns from energy invest-
ments through research and development

5. Developing interest in and dedication to the energy management
program from all employees

6. Reducing the impacts of curtailments, brownouts, or any interruption
in energy supplies

Although this list is not exhaustive, these six are sufficient for our
purposes. However, the sixth objective requires a little more explanation.

Curtailments occur when a major supplier of an energy source is
forced to reduce shipments or allocations (sometimes drastically) because
of severe weather conditions and/or distribution problems. For example,
natural gas is often sold to industry relatively inexpensively, but on an
interruptible basis. That is, residential customers and others on
noninterruptible schedules have priority, and those on interruptible
schedules receive what is left. This residual supply is normally sufficient
to meet industry needs, but periodically gas deliveries must be curtailed.

Even though curtailments do not occur frequently, the cost associ-
ated with them is so high—sometimes a complete shutdown is neces-
sary—that management needs to be alert in order to minimize the nega-
tive effects. There are several ways of doing this, but the method most
often employed is the storage and use of a secondary or standby fuel.
Number 2 fuel oil is often stored on site and used in boilers capable of
burning either natural gas (primary fuel) or fuel oil (secondary fuel). Then
when curtailments are imposed, fuel oil can be used. Naturally, the cost of
equipping boilers with dual fire capability is high, as is the cost of storing
the fuel oil. However, these costs are minuscule compared to the cost of
forced shutdown. Other methods of planning for curtailments include
production scheduling to build up inventories, planned plant shutdowns,
or vacations during curtailment-likely periods, and contingency plans
whereby certain equipment, departments, etc., can be shut down so criti-
cal areas can keep operating. All these activities must be included in an
energy management program.

Although energy conservation is certainly an important part of en-
ergy management, it is not the only consideration. Curtailment-contin-
gency planning is certainly not conservation, and neither are load shed-
ding or power factor improvement, both of which will be discussed later
on in this chapter. To concentrate solely on conservation would preclude
some of the most important activities—often those with the largest sav-
ings opportunity.
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1.1 THE NEED FOR ENERGY MANAGEMENT

1.1.1 Economics

The American free enterprise system operates on the necessity of
profits, or budget allocations in the case of nonprofit organizations. Thus,
any new activity can be justified only if it is cost effective; that is, the net
result must show a profit improvement or cost reduction greater than the
cost of the activity. Energy management has proven time and time again
that it is cost effective.

An energy cost savings of 5-15 percent is usually obtained quickly
with little to no required capital expenditure when an aggressive energy
management program is launched. An eventual savings of 30 percent is
common, and savings of 50, 60, and even 70 percent have been obtained.
These savings all result from retrofit activities. New buildings designed to
be energy efficient often operate on 20 percent of the energy (with a
corresponding 80 percent savings) normally required by existing build-
ings. In fact, for most manufacturing and other commercial organizations
energy management is one of the most promising profit improvement-cost reduc-
tion programs available today.

1.1.2 National Good

Energy management programs are vitally needed today. One impor-
tant reason is that energy management helps the nation face some of its
biggest problems. The following statistics will help make this point.*

e Growthin U.S. energy use:

It took 50 years (1900-1950) for total annual U.S. energy consumption
to go from 4 million barrels of oil equivalent (MBOE) per day to 16
MBOE. It took only 20 years (1950-1970) to go from 16 to 32 MBOE.
This rapid growth in energy use slowed in the early 1970’s, but took a
spurt in the late 1970’s, reaching 40 MBOE in 1979. Energy use slowed
again in the early 1980’s and dropped to about 37 MBOE in 1983.
Economic growth in the mid 1980’s returned the use to 40 MBOE in
1987. Energy use remained fairly steady at just over 42 MBOE in the
late 1980’s, but started growing in the 1990’s. By the end of 1994,
energy use was up to almost 45 MBOE, and in 2004, just under 50
MBOE per day.

e Comparison with other countries:
With only 5 percent of the world’s population, the United States

*These statistics come from numerous sources, mostly government publications from the
Energy Information Administration or from the U.S. Statistical Abstract.
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consumes about 25 percent of its energy and produces about 25 per-
cent of the world’s gross national product (GNP). However, some
nations such as Japan, West Germany, and Sweden produce the same
or greater GNP per capita with significantly less energy than the
United States.

e U.S. energy production:

Domestic crude oil production peaked in 1970 at just under 10 million
barrels per day (MBD), and has fallen slowly since then to about 5.7
MBD in 2000. Domestic gas production peaked in 1973 at just over
21.7 trillion cubic feet (TCF) per year. Gas production slowly declined
until 1987 when it fell to 16.1 TCF. Since 1988, gas production in-
creased very slowly, and in 2003 was 19.1 TCF, and in 2004 it was 18.8.
Deregulation has improved our domestic production in the short run,
but in the long run we continue to face decreasing domestic output.
Since 1988, gas imports have been over 1 TCF per year, and have been
increasing rapidly. In 2004, we imported over 4 TCF of natural gas.

¢ Cost of imported oil:

Annual average prices per barrel for imported crude oil rapidly esca-
lated from $3.00 in the early 1970’s to $12 in 1973-1974 and to $36 in
1981. After 1981, prices dropped to about $12 in 1986. From 1986 to
1999, prices ranged from about $12 to $20 a barrel, with a short spike
in prices during the 1989-90 Gulf War. Prices dropped to $10 in 1998,
and rose back to about $26 in 2003. The 2004 cost was about $24, but in
early 2005, spot prices shot up to $58 a barrel.

¢ Reliance on imported oil:

The United States has been a net importer of oil since 1947. In 1970 the
bill for this importation was only $3 billion; by 1977 it was $42 billion;
by 1979, $57 billion; and by 1980, almost $80 billion. This imported oil
bill has severely damaged our trade balance and weakened the dollar
in international markets. In 1986 the bill for oil imports fell to a low of
$35 billion. It climbed to almost $62 billion in 1990. In 1996 it was just
over $72 billion, and with lower prices after 1996, it was just over $50
billion in 1998. But, with higher prices starting in 2000, it was $119
billion in 2000, $132 billion in 2003, and $179 billion in 2004. With the
price spike in 2005, the total will be well over $200 billion!

In addition to these discouraging statistics, there are a host of major
environmental problems, as well as economic and industrial competitive-
ness problems, that came to the forefront of public concern in the late
1980’s. Reducing energy use can help minimize these problems by:
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Reducing acid rain. Lake acidification and deforestation have been
the greatest effects of acid rain from the combustion of fossil fuels
containing significant amounts of sulfur, such as coal and some oil.
The Clean Air Act Amendments of 1990 will restrict the future emis-
sion of sulfur dioxide to the level emitted in 1980.

Limiting global climate change. Carbon dioxide, the main contributor
to potential global climate change, is produced by the combustion of
fossil fuel, primarily to provide transportation and energy services. In
1992, many countries of the world adopted limitations on carbon
dioxide emissions.

The first international treaty to address climate change was the United
Nations Framework Convention on Climate Change (UNFCCC),
which entered into force in 1994 and has been ratified by 186 coun-
tries, including the United States. Delegates to the UNFCCC then met
in Kyoto, Japan, in 1997 to adopt a more significant treaty calling for
binding targets and timetables, eventually agreeing on the Kyoto
Protocol (KP). Delegates rejected language requiring participation by
developing countries, thus damping U.S. enthusiasm. Nevertheless,
the Kyoto Protocol entered into force in 2005, having been ratified by
EU countries, Canada, Japan, Russia, and most developing countries.
The United States and Australia are currently not parties to the KP.

Limiting ozone depletion. In the U.S., about half of the CFC’s—which
have been associated with ozone depletion—are used in providing
energy services through refrigeration and air conditioning, and in
manufacturing insulation. International agreements substantially
phased out the use of CFC’s in industrialized countries in 1996.

Improving national security. Oil imports directly affect the energy
security and balance of payments of our country. These oil imports
must be reduced for a secure future, both politically and economi-
cally. In 1973 our net imports were 34.8% of our use. In 1977 they were
46.5%, and in 1998 hit 50%. The percentage of our oil use that is
imported continues to climb—56.1% in 2003, and 57.8% in 2004.

Improving U.S. competitiveness. The U.S. spends about 9 percent of
its gross national product for energy—a higher percentage than many
of its foreign competitors. This higher energy cost amounts to a surtax
on U.S. goods and services.
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Helping other countries. The fall of the Berlin Wall in 1989 and the
emergence of market economies in many Eastern European countries
is leading to major changes in world energy supplies and demands.
These changes significantly affect our nation, and provide us an eco-
nomic impetus to help these countries greatly improve their own
energy efficiencies and reduce their energy bills.

There are no easy answers. Each of the possibilities discussed below

has its own problems.

Many look to coal as the answer. Yet coal burning produces sulfur
dioxide and carbon dioxide, which produce acid rain and potential
global climate change.

Synfuels require strip mining, incur large costs, and place large de-
mands for water in arid areas. On-site coal gasification plants associ-
ated with gas-fired, combined-cycle power plants are presently being
demonstrated by several electric utilities. However, it remains to be
seen if these units can be built and operated in a cost-effective and
environmentally acceptable manner.

Solar-generated electricity, whether generated through photovoltaics
or thermal processes, is still more expensive than conventional
sources and has large land requirements. Technological improve-
ments are occurring in both these areas, and costs are decreasing.
Sometime in the near future, these approaches may become cost-
effective; however, in 2005, the cost of large-scale solar PV generation
was still about $6000 per kW.

Biomass energy is also expensive, and any sort of monoculture would
require large amounts of land. Some fear total devastation of forests.
At best, biomass can provide only a few percentage points of our total
needs without large problems.

Wind energy is only feasible in limited geographical areas where the
wind velocity is consistently high, and there are also some noise and
aesthetic problems. However, the cost of wind generation systems has
come down to $1000-$2000 per kW, and they are cost-effective in
windy areas of the U.S. Operating costs are very low, and with new
wind turbine technologies, large wind farms are being constructed in
the midwest and western regions of the U.S.
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e Alcohol production from agricultural products raises perplexing
questions about using food products for energy when large parts of
the world are starving. Newer processes for producing alcohol from
wood waste are just being tested, and may offer some significant
improvements in this limitation. In the meantime, quite a few new
ethanol plants are being started up to produce this alternate energy
fuel.

e Fission has the well-known problems of waste disposal, safety, and a
short time span with existing technology. Without breeder reactors or
nuclear fuel reprocessing, we will soon run out of fuel, but breeder
reactors dramatically increase the production of plutonium—a raw
material for nuclear bombs. Nuclear fuel reprocessing could provide
many years of fuel by recycling partially used fuel now being kept in
storage.

e Fusion seems to be everyone’s hope for the future, but many claim
that we do not know the area well enough yet to predict its problems.
When available commercially, fusion may very well have its own
style of environmental-economical problems.

The preceding discussion paints a rather bleak picture. Our nation
and our world are facing severe energy problems and there appears to be
no simple answers.

Time and again energy management has shown that it can substan-
tially reduce energy costs and energy consumption. This saved energy can
be used elsewhere, so one energy source not mentioned in the preceding
list is energy management. In fact, energy available from energy manage-
ment activities has almost always proven to be the most economical
source of “new” energy. Furthermore, energy management activities are
more gentle to the environment than large-scale energy production, and
they certainly lead to less consumption of scarce and valuable resources.
Thus, although energy management cannot solve all the nation’s prob-
lems, perhaps it can ease the strain on our environment and give us time to
develop new energy sources.

The value of energy management is clear. There is an increased need
for engineers who are adequately trained in the field of energy manage-
ment, and a large number of energy management jobs are available. This
text will help you prepare for a career which will be both exciting and
challenging.
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1.2 ENERGY BASICS FOR ENERGY MANAGERS

An energy manager must be familiar with energy terminology and
units of measure. Different energy types are measured in different units.
Knowing how to convert from one measurement system to another is
essential for making valid comparisons. The energy manager must also
be informed about the national energy picture. The historical use pat-
terns as well as the current trends are important to an understanding of
options available to many facilities.

1.2.1 Energy Terminology, Units and Conversions

Knowing the terminology of energy use and the units of measure
is essential to developing a strong energy management background.
Energy represents the ability to do work, and the standard engineering
measure for energy used in this book is the British thermal unit, or Btu.
One Btu is the amount of energy needed to raise the temperature of one
pound of water one degree Fahrenheit. In more concrete terms, one Btu
is the energy released by burning one kitchen match head, according to
the U.S. Energy Information Agency. The energy content of most com-
mon fuels is well known, and can be found in many reference hand-
books. For example, a gallon of gasoline contains about 125,000 Btu and
a barrel of oil contains about 5,100,000 Btu. A short listing of the average
energy contained in a number of the most common fuels, as well as some
energy unit conversions is shown below in Table 1-1.

Electrical energy is also measured by its ability to do work. The
traditional unit of measure of electrical energy is the kilowatt-hour; in
terms of Btu’s, one kilowatt-hour (kWh) is equivalent to 3412 Btu. How-
ever, when electrical energy is generated from steam turbines with boil-
ers fired by fossil fuels such as coal, oil or gas, the large thermal losses
in the process mean that it takes about 10,000 Btu of primary fuel to
produce one kWh of electrical energy. Further losses occur when this
electrical energy is then transmitted to its point of ultimate use. Thus,
although the electrical energy at its point of end-use always contains
3412 Btu per kWh, it takes considerably more than 3412 Btus of fuel to
produce a kWh of electrical energy.

1.2.2 Energy Supply and Use Statistics

Any energy manager should have a basic knowledge of the sources
of energy and the uses of energy in the United States. Both our national
energy policy and much of our economic policy are dictated by these
supply and use statistics. Figure 1-1 shows the share of total U.S. energy
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Table 1-1
Energy Units and Energy Content of Fuels

1kWh 3412 Btu

1 ft3 natural gas 1000 Btu

1 Ccf natural gas 100 ft3 natural gas
1 Mcf natural gas 1000 ft3 natural gas
1 therm natural gas 100,000 Btu

1 barrel crude oil 5,100,000 Btu

1 ton coal 25,000,000 Btu

1 gallon gasoline 125,000 Btu

1 gallon #2 fuel oil 140,000 Btu

1 gallon LP gas 95,000 Btu

1 cord of wood 30,000,000 Btu

1 MBtu 1000 Btu

1 MMBtu 10° Btu

1 Quad 1015 Btu

1MW 100 watts

supply provided by each major source. Figure 1-2 represents the percent-
age of total energy consumption by each major end-use sector.

1.2.3 Energy Use in Commercial Businesses

One question frequently asked by facility energy managers is
“How does energy use at my facility compare to other facilities in gen-
eral, and to other facilities that are engaged in the same type of opera-
tion?” Figure 1-3 shows general energy usage in commercial facilities,
and Figure 1-4 shows their electricity use. While individual facilities may
differ significantly from these averages, it is still helpful to know what
activities are likely to consume the most energy. This provides some
basis for a comparison to other facilities—both energy wasting and en-
ergy efficient. In terms of priority of action for an energy management
program, the largest areas of energy consumption should be examined
first. The greatest savings will almost always occur from examining and
improving the areas of greatest use.

The commercial sector uses about 16 percent of all the primary
energy consumed in the United States, at a cost of over $125 billion in
2001 [1]. On an end-use basis, natural gas and oil constitute about 41.5
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Figure 1-1
U.S. Energy Supply 2004
(100% = 99.66 Quads)
Source - U.S. Department

of Energy EIA (2005)
Qil Gas Coal Nuclear, Hydro,
40.3% 23.1% 22.5% Other Renewables
14.4%
Figure 1-2

U.S. Energy Consumption

2004 (100% = 99.66 Quads)

Source - U.S. Department of
Energy EIA (2005)

Industrial Trans- Residen- Com-
36% portation tial mercial
27% 19% 16%

percent of the commercial energy use, mainly for space heating. Over 58
percent of the energy use is in the form of electricity for lighting, air
conditioning, ventilation, and some space heating. Electricity provides
over half of the end-use energy used by a commercial facility, but it rep-
resents about two thirds of the cost of the energy needed to operate the
facility. Lighting is the predominant use of electricity in commercial
buildings, and accounts for over one-third of the cost of electricity.

Commercial activity is very diverse, and this leads to greatly varying
energy intensities depending on the nature of the commercial facility.
Recording energy use in a building or a facility of any kind and providing
a history of this use is necessary for the successful implementation of an
energy management program. A time record of energy use allows analy-
sis and comparison so that results of energy productivity programs can be
determined and evaluated.
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Space Space Lights Office Miscella- Hot Water Refrigera- Cooking Ventilation
Heating  Cooling 13.5%  Equipment neous 6% tion 5% 4.3%
34.1% 15.1% 10.5% 6.5% 5%

Figure 1-3

Commercial Energy Use 1999 (end-use basis)
Source - U.S. Department of Energy EIA (2005)

Space Lights Office  Miscella- Refrigera- Ventilation Space Cooking Hot Water
Cooling 23.1% Equipment neous tion 7.3% Heating 2.1% 1.2%
25.6% 17.9% 9.3% 8.6% 5%

Figure 1-4
Commercial Electric Use 1999 (end-use basis)
Source - U.S. Department of Energy EIA (2005)

1.2.4 Energy Use in Industry

The industrial sector—consisting of manufacturing, mining, agricul-
ture and construction activities—consumes over one-third of the nation’s
primary energy use, at an annual cost of almost $138 billion in 2001 [2].
Industrial energy use is shown in Figure 1-5 and industrial electricity use
is shown in Figure 1-6.

Manufacturing companies, which use mechanical or chemical pro-
cesses to transform materials or substances into new products, account for
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Steam

Process
Heat
36.1
% Mach.
Drive
15.7%
Other Process Use 5.7% Cogeneration
Non-process 14.5%
Use 11.3%
Figure 1-5

Industrial Energy Use 2002 (end-use basis)
Source - U.S. Department of Energy EIA (2005)

Pumps 24%

Compressors 12%

Machine Tools 6%

Non-motor Use 22%
Other Motors 12%

DC Drives 8% HVAC 2%

Figure 1-6
Industrial Electricity Use (end-use basis)
Source - Federal Energy Management Agency

about 85 percent of the total industrial sector use. The “big three” in
energy use are petroleum, chemicals and primary metals; these industries
together consume over one-half of all industrial energy. The “big five,”
which add the pulp and paper industry, as well as the stone, clay and
glass group, together account for 70 percent of all industrial sector energy
consumption.

According to the U.S. Energy Information Administration, energy
efficiency in the manufacturing sector improved by 25 percent over the
period 1980 to 1985 [3]. During that time, manufacturing energy use de-
clined 19 percent, and output increased 8 percent. These changes resulted
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in an overall improvement in energy efficiency of 25 percent. However,
the “big five” did not match this overall improvement; although their en-
ergy use declined 21 percent, their output decreased by 5 percent—result-
ing in only a 17 percent improvement in energy efficiency during 1980-
1985. This overall five-year record of reduction in energy use of the manu-
facturing sector came to an end in 1986, with total energy use in the sector
growing by 10 percent from 1986 to 1988. Manufacturing energy use has
continued to grow at a slower rate since 1988, but industrial output has
grown at a faster rate [9]. Use of new energy efficient technology, and the
changing production mix from the manufacture of energy-intensive prod-
ucts to less intensive products has accounted for much of this difference.

Continuing this record of energy efficiency improvements in manu-
facturing will require both re-establishing emphasis on energy manage-
ment and making capital investments in new plant processes and facilities
improvements. Reducing our energy costs per unit of manufactured prod-
uct is one way that our country can become more competitive in the global
industrial market. It is interesting to note that Japan—one of our major
industrial competitors—has a law that every industrial plant must have a
full-time energy manager [4].

1.3 DESIGNING AN ENERGY MANAGEMENT PROGRAM

1.3.1 Management Commitment

The most important single ingredient for successful implementation
and operation of an energy management program is commitment to the
program by top management. Without this commitment, the program
will likely fail to reach its objectives. Thus, the role of the energy manager
is crucial in ensuring that management is committed to the program.

Two situations are likely to occur with equal probability when de-
signing an energy management program. In the first, management has
decided that energy management is necessary and wants a program
implemented. This puts you—the energy manager—in the response mode.
In the second, you—an employee—have decided to convince manage-
ment of the need for the program so you are in the aggressive mode.
Obviously, the most desirable situation is the response mode as much of
your sales effort is unnecessary; nonetheless, a large number of energy
management programs have been started through the aggressive mode.
Let’s consider each of these modes.

In a typical scenario of the response mode, management has seen
rapidly rising energy prices and/or curtailments, has heard of the results
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of other energy management programs, and has then initiated action to
start the program. In this case, the management commitment already
exists, and all that needs to be done is to cultivate that commitment
periodically and to be sure the commitment is evident to all people af-
fected by the program. We will discuss this aspect more when we talk
about demonstrating the commitment.

In the aggressive mode, you, the employee, know that energy costs
are rising dramatically and that sources are less secure. You may have
taken a course in energy management, attended professional conferences,
and/or read papers on the subject. At any rate, you are now convinced
that the company needs an energy management program. All that re-
mains is to convince management and obtain their commitment.

The best way to convince management is with facts and statistics.
Sometimes the most startling way to show the facts is through graphs
such as Figure 1-7. Note that different goals of energy cost reduction are
shown. This graph can be done in total for all energy sources, or several
graphs can be used—one for each source. The latter is probably better as

Energy cost, $

!

Now

Time —»

Figure 1-7. Energy costs—past and future.
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savings goals can be identified by energy source. You must have accurate
data. Past figures can use actual utility bills, but future figures call for
forecasting. Local utilities and various state energy agencies can help you
provide management with more accurate data.

Follow this data with quotes on programs from other companies
showing these goals are realistic. Other company experiences are widely
published in the literature; results can also be obtained through direct
contacts with the energy manager in each company. Typical cost avoid-
ance figures are shown in Table 1-2. However, as time progresses and the
technology matures, these figures tend to change. For example, a short
time ago only a few people believed that an office building could reduce
energy consumption by 70 percent or that manufacturing plants could
operate on half the energy previously required, yet both are now occur-
ring on a regular basis.

Table 1-2
Typical Energy Savings
Low cost, no cost changes 5-10%
Dedicated programs (3 years or so) 25-35%
Long-range goal 40-50%

As the proponent of an energy management program, you could
then talk about the likelihood of energy curtailments or brownouts and
what they would mean to the company. Follow this with a discussion of
what the energy management program can do to minimize the impacts of
curtailments and brownouts.

Finally, your presentation should discuss the competition and what
they are doing. Accurate statistics on this can be obtained from trade and
professional organizations as well as the U.S. Department of Energy. The
savings obtained by competitors can also be used in developing the goals
for your facility.

1.3.2 Energy Management Coordinator/Energy Manager

To develop and maintain vitality for the energy management pro-
gram, a company must designate a single person who has responsibility
for coordinating the program. If no one person has energy management as
a specific part of his or her job assignment, management is likely to find
that the energy management efforts are given a lower priority than other
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job responsibilities. Consequently, little or nothing may get done.

The energy management coordinator (EMC) should be strong, dy-
namic, goal oriented, and a good manager. Most important, management
should support that person with resources including a staff. The energy
management coordinator should report as high as possible in the organi-
zation without losing line orientation. A multiplant or multidivisional
corporation may need several such coordinators—one for each plant and
one for each level of organization. Typical scenarios are illustrated in
Figure 1-8.

Multiplant Multiplant
Pres.- %“sz'
Plant Mgr o
Energy Mgmt
Energy Mgmt gy Mg
Coord. Coord.
I Energy Mgmt
Energy Mgmt gy Mg
I_ | Committee Tech. Staff
Steering | _l
I Committee
I I || I 1 I
Dept. Rep. I____'I_____I
Plant A Plant B Plant C
EM Coord. EM Coord. EM Coord.
Multidivisional
Exec. V.P.
Key:
Functional responsibility
—  __ __ Communication & some
EM Coord. functional responsibility
Energy Mgmt
Steering Tech. Staff
Committee
R E
[ | 1
Div. A Div. B Div. C
EM Coord. EM Coord. EM Coord.
[
— L 1
Plant A Plant B Plant C
EM Coord. EM Coord. EM Coord.
Etc. Etc. Etc.
Figure 1-8

Typical organization designs for energy management programs
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1.3.3 Backup Talent

Unfortunately, not all the talent necessary for a successful program
resides in one person or discipline. For example, several engineering
disciplines may be necessary to accomplish a full-scale study of the plant
steam production, distribution, usage, and condensate return system. For
this reason, most successful energy management programs have an en-
ergy management committee. Two subcommittees that are often desirable
are the technical and steering subcommittees.

The technical committee is usually composed of several persons
with strong technical background in their discipline. Chemical, industrial,
electrical, civil, and mechanical engineers as well as others may all be
represented on this committee. Their responsibility is to provide technical
assistance for the coordinator and plant-level people. For example, the
committee can keep up with developing technology and research into po-
tential applications company-wide. The results can then be filtered down.

While the energy management coordinator may be a full-time posi-
tion, the technical committee is likely to operate part-time, being called
upon as necessary. In a multiplant or multidivisional organization, the
technical committee may also be full time.

The steering committee has an entirely different purpose from the
technical committee. It helps guide the activities of the energy manage-
ment program and aids in communications through all organizational
levels. The steering committee also helps ensure that all plant personnel
are aware of the program. The steering committee members are usually
chosen so that all major areas of the company are represented. A typical
organization is presented in Figure 1-9.

Steering committee members should be selected because of their
widespread interests and a sincere desire to aid in solving the energy
problems. Departmental and hourly representatives can be chosen on a
rotating basis. Such a committee should be able to develop a good com-
posite picture of plant energy consumption which will help the energy
management coordinator choose and manage his/her activities.

Committee Chairperson

(often EM Coord.
Personnel Dept. A Dept. B Mgmt.  Hourly Emp Hourly Emp. EM‘TBCI’I.
Rep. Rep. Rep. Rep. A B Committee Rep.
Figure 1-9

Energy management steering committee.
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1.3.4 Cost Allocation

One of the most difficult problems for the energy manager is to try to
reduce energy costs for a facility when the energy costs are accounted for
as part of the general overhead. In that case, the individual managers and
supervisors do not consider themselves responsible for controlling the
energy costs. This is because they do not see any direct benefit from
reducing costs that are part of the total company overhead. The best
solution to this problem is for top management to allocate energy costs
down to “cost centers” in the company or facility. Once energy costs are
charged to production centers in the same way that materials and labor
are charged, then the managers have a direct incentive to control those
energy costs because this will improve the overall cost-effectiveness of the
production center.

For a building, this allocation of energy costs means that each of the
tenants are given information on their energy consumption, and that they
individually pay for that energy consumption. Even if a large building is
“master metered” to reduce utility fixed charges, there should be a divi-
sion of the utility cost down to the individual customers.

1.3.5 Reporting and Monitoring

It is critical for the energy management coordinator and the steering
committee to have their fingers on the “pulse of energy consumption” in
the plant. This is best achieved through an effective and efficient system of
energy reporting.

The objective of an energy reporting system is to measure energy
consumption and compare it either to company goals or to some standard
of energy consumption. Ideally, this should be done for each operation or
production cost center in the plant, but most facilities simply do not have
the required metering devices. Many plants only meter energy consump-
tion at one place—where the various sources enter the plant. Most plants
are attempting to remedy this, however, by installing additional metering
devices when the opportunity arises (steam system shutdowns, vacation
downtime, etc.). Systems that should be metered include steam, com-
pressed air, and chilled and hot water.

As always, the reporting scheme needs to be reviewed periodically
to ensure that only necessary material is being generated, that all needed
data is available, and that the system is efficient and effective. For a more
complete description of this method and its applications, see section 1.7 on
Energy Monitoring, Targeting and Reporting.
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1.3.6 Training
Most energy management coordinators find that substantial training
is necessary. This training can be broken down as shown in Figure 1-10.

Type of necessary Source of required
Personnel involved training training
1. Technical 1. Sensitivity to EM 1. Inhouse (with outside
committee help ?)
2. Technology 2. Professional societies
developments universities, consulting

groups, journals

2. Steering 1. Sensitivity to EM 1. See 1 above
committee 2. Other Industries’ 2. Tradejournals, energy
experience sharing groups,
consultants
3. Plant-wide 1. Sensitivity to EM 1. Inhouse
2. What's expected, 2. Inhouse
goals to be

obtained, etc.

Figure 1-10
Energy Management Training,.

Training cannot be accomplished overnight, nor is it ever “com-
pleted.” Changes occur in energy management staff and employees at all
levels, as well as new technology and production methods. All these
precipitate training or retraining. The energy management coordinator
must assume responsibility for this training.

14 STARTING AN ENERGY MANAGEMENT PROGRAM

Several items contribute to the successful start of an energy manage-
ment program. They include:

1. Visibility of the program start-up
2. Demonstration of management commitment to the program

3. Selection of a good initial energy management project
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1.4.1 Visibility of Start-up

To be successful, an energy management program must have the

backing of the people involved. Obtaining this support is often not an easy
task, so careful planning is necessary. The people must:

Ll e

Understand why the program exists and what its goals are;
See how the program will affect their jobs and income;
Know that the program has full management support; and

Know what is expected of them.

Communicating this information to the employees is a joint task of

management and the energy management coordinator. The company
must take advantage of all existing communications channels while also
taking into consideration the preceding four points. Some methods that
have proven useful in most companies include:

Memos. Memos announcing the program can be sent to all employ-
ees. A comprehensive memo giving fairly complete details of the
program can be sent to all management personnel from first-line
supervision up. A more succinct one can be sent to all other employ-
ees that briefly states why the program is being formed and what is
expected of them. These memos should be signed by local top man-
agement.

News releases. Considerable publicity often accompanies the pro-
gram start-up. Radio, TV, posters, newspapers, and billboards can all
be used. The objective here is to obtain as much visibility for the
program as possible and to reap any favorable public relations that
might be available. News releases should contain information of in-
terest to the general public as well as employees.

Meetings. Corporate, plant, and department meetings are sometimes
used, in conjunction with or in lieu of memos, to announce the pro-
gram and provide details. Top management can demonstrate commit-
ment by attending these meetings. The meeting agenda must provide
time for discussion and interaction.

Films, video tapes. Whether produced in-house or purchased, films
and video tapes can add another dimension to the presentation. They
can also be reused later for new employee training.
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1.4.2 Demonstration of Management Commitment

As stressed earlier, management commitment to the program is
essential, and this commitment must be obvious to all employees if the
program is to reach its full potential. Management participation in the
program start-up demonstrates this commitment, but it should also be
emphasized in other ways. For example:

e Reward participating individuals. Recognition is highly motivating
for most employees. An employee who has been a staunch supporter
of the program should be recognized by a “pat on the back,” a letter in
the files, acknowledgment at performance appraisal time, etc. When
the employee has made a suggestion that led to large energy savings,
his/her activities should be recognized through monetary rewards,
publicity, or both. Public recognition can be given in the company
newsletter, on bulletin boards, or in plant-department meetings.

¢ Reinforce commitment. Management must realize that they are con-
tinually watched by employees. Lip service to the program is not
enough—personal commitment must be demonstrated. Management
should reinforce its commitment periodically, although the visibility
scale can be lower than before. Existing newsletters, or a separate one
for the energy management program, can include a short column or
letter from management on the current results of the program and the
plans for the future. This same newsletter can report on outstanding
suggestions from employees.

e Fund cost-effective proposals. All companies have capital budgeting
problems in varying degrees of severity, and unfortunately energy
projects do not receive the same priority as front-line items such as
equipment acquisition. However, management must realize that
turning down the proposals of the energy management team while
accepting others with less economic attractiveness is a sure way to kill
enthusiasm. Energy management projects need to compete with oth-
ers fairly. If an energy management project is cost effective, it should
be funded. If money is not available for capital expenditures, then
management should make this clear at the outset of the program and
ask the team to develop a program which does not require capital
expenditures.

1.4.3 Early Project Selection
The energy management program is on treacherous footing in the
beginning. Most employees are afraid their heat is going to be set back,
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their air conditioning turned off, and their lighting reduced. If any of these
actions do occur, it’s little wonder employee support wanes. These things
might occur eventually, but wouldn’t it be smarter to have less controver-
sial actions as the early projects.

An early failure can also be harmful, if not disastrous, to the pro-
gram. Consequently, the astute energy management coordinator will
“stack the deck” in his or her first set of projects. These projects should
have a rapid payback, a high probability of success, and few negative
consequences.

These ideal projects are not as difficult to find as you might expect.
Every plant has a few good opportunities, and the energy management
coordinator should be looking for them.

One good example involved a rather dimly lit refrigerator ware-
house area. Mercury vapor lamps were used in this area. The local energy
management coordinator did a relamping project. He switched from mer-
cury vapor lamps to high pressure sodium lamps (a significantly more
efficient source) and carefully designed the system to improve the lighting
levels. Savings were quite large; less energy was needed for lighting; less
“heat of light” had to be refrigerated; and, most important, the employees
liked it. Their environment was improved since light levels were higher
than before.

Other examples you should consider include:

1. Repairing steam leaks. Even a small leak can be very expensive over a
year and quite uncomfortable for employees working in the area.

2. Insulating steam, hot water, and other heated fluid lines and tanks.
Heat loss through an uninsulated steam line can be quite large, and
the surrounding air may be heated unnecessarily.

3. Install high efficiency motors. This saves dramatically on the electrical
utility cost in many cases, and has no negative employee conse-
quences. However, the employees should be told about the savings
since motor efficiency improvement has no physically discernible
effect, unlike the lighting example above.

This list only begins to touch on the possibilities, and what may be
glamorous for one facility might not be for another. All facilities, however,
do have such opportunities. Remember, highly successful projects should
be accompanied by publicity at all stages of the program—especially at
the beginning.
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1.5 MANAGEMENT OF THE PROGRAM

1.5.1 Establishing objectives in an Energy Management Program

Creativity is a vital element in the successful execution of an energy
management program, and management should do all it can to encourage
creativity rather than stifle it. Normally, this implies a laissez-faire ap-
proach by management with adequate monitoring. Management by ob-
jectives (MBO) is often utilized. If TQM is being implemented in a facility,
then employee teams should foster this interest and creativity.

Goals need to be set, and these goals should be tough but achievable,
measurable, and specific. They must also include a deadline for accom-
plishment. Once management and the energy management coordinator
have agreed on the goals and established a good monitoring or reporting
system, the coordinator should be left alone to do his/her job.

The following list provides some examples of such goals:

e Total energy per unit of production will drop by 10 percent the first
year and an additional 5 percent the second.

e Within 2 years all energy consumers of 5 million British thermal units
per hour (Btuh) or larger will be separately metered for monitoring
purposes.

e Each plant in the division will have an active energy management
program by the end of the first year.

e All plants will have contingency plans for gas curtailments of varying
duration by the end of the first year.

e Allboilers of 50,000 b /hour or larger will be examined for waste heat
recovery potential the first year.

The energy management coordinator must quickly establish the re-
porting systems to measure progress toward the goals and must develop
the strategy plans to ensure progress. Gantt or CPM charting is often used
to aid in the planning and assignment of responsibilities.

Some concepts or principles that aid the EMC in this execution are
the following:

e Energy costs, not just Btus, are to be controlled. This means that any
action that reduces energy costs is fair game. Demand shedding or
leveling is an example activity that saves dollars but does not directly
save Btus.
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e Energy needs should be recognized and billed as a direct cost, not as
overhead. Until the energy flow can be measured and charged to op-
erating cost centers, the program will not reach its ultimate potential.

*  Only the main energy functions need to be metered and monitored.
The Pareto or ABC principle states that the majority of the energy
costs are incurred by only a few machines. These high-use machines
should be watched carefully.

1.5.2 A Model Energy Management Program

An excellent example of a longtime successful energy management
program in a large corporation is that of the 3M Company, headquartered
in St. Paul, Minnesota [5]. 3M is a large, diversified manufacturing com-
pany with more than 50 major product lines; it makes some fifty thousand
products at over fifty different factory locations around the country. The
corporate energy management objective is to use energy as efficiently as
possible in all operations; the management believes that all companies
have an obligation to conserve energy and all other natural resources.

Energy productivity at 3M improved over 63 percent from 1973 to
2004. They saved over $70 million in 1996 because of their energy manage-
ment programs, and saved a total of over $1.5 billion in energy expenses
from 1973 to 2004. From 1998 through 2004, they reduced their overall
energy use by 27% in their worldwide operations [8]. Their program is
staffed by six people who educate and motivate all levels of personnel on
the benefits of energy management. The categories of programs imple-
mented by 3M include: conservation, maintenance procedures, utility
operation optimization, efficient new designs, retrofits through energy
surveys, and process changes.

Energy efficiency goals at 3M are set and then the results are mea-
sured against a set standard in order to determine the success of the
programs. The technologies that have resulted in the most dramatic im-
provement in energy efficiency include: heat recovery systems, high effi-
ciency motors, variable speed drives, computerized facility management
systems, steam trap maintenance, combustion improvements, variable air
volume systems, thermal insulation, cogeneration, waste steam utiliza-
tion, and process improvements. Integrated manufacturing techniques,
better equipment utilization and shifting to non-hazardous solvents have
also resulted in major process improvements.

The energy management program at 3M has worked very well, but
management is not yet satisfied. They have set a goal of further improving
energy efficiency at a rate of 3 percent per year for the next five years, from
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1996 to 2000. They expect to substantially reduce their emissions of waste
gases and liquids, to increase the energy recovered from wastes, and to
constantly increase the profitability of their operations. 3M continues to
stress the extreme importance that efficient use of energy can have on
their industrial productivity.

1.6 ENERGY ACCOUNTING

Energy accounting is a system used to keep track of energy con-
sumption and costs. “Successful corporate-level energy managers usually
rank energy accounting systems right behind commitment from top cor-
porate officials when they list the fundamentals of an ongoing energy
conservation program. If commitment from the top is motherhood, care-
ful accounting is apple pie.””

A basic energy accounting system has three parts: energy use moni-
toring, an energy use record, and a performance measure. The perfor-
mance measure may range from a simple index of Btu/ft> or Btu/unit of
production to a complex standard cost system complete with variance
reports. In all cases, energy accounting requires metering. Monitoring the
energy flow through a cost center, no matter how large or small, requires
the ability to measure incoming and outgoing energy. The lack of neces-
sary meters is probably the largest single deterrent to the widespread
utilization of energy accounting systems.

1.6.1 Levels of Energy Accounting

As in financial accounting, the level of sophistication or detail of
energy accounting systems varies considerably from company to com-
pany. A very close correlation can be developed between the levels of
sophistication of financial accounting systems and those of energy ac-
counting systems. This is outlined in Figure 1-11.

Most companies with successful energy management programs
have passed level 1 and are working toward the necessary submetering
and reporting systems for level 2. In most cases, the subsequent data are
compared to previous years or to a particular base year. However, few
companies have developed systems that will calculate variations and find
causes for those variations (level 3). Two notable exceptions are General
Motors and Carborundum. To our knowledge, few companies have yet
completely developed the data and procedures necessary for level 4, a
standard Btu accounting system. Some examples of detailed energy ac-
counting can be found in [6].

*” Accounting of Energy Seen Corporate Must,” Energy User News, Aug. 27, 1979, p. 1.
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Financial Energy

1. General accounting 1. Effective metering, development of
reports, calculation of energy
efficiency indices

2. Cost accounting 2. Calculation of energy flows and
efficiency of utilization for various
cost centers; requires substantial

metering
3. Standard cost 3. Effective cost center metering of
accounting historical energy and comparison to historical
standards data; complete with variance reports
and calculation of reasons for
variation
4. Standard cost 4. Same as 3 except that standards for
accounting engineered energy consumption are determined
standards through accurate engineering models
Figure 1-11

Comparison between financial and energy accounting.
1.6.2 Performance Measures

1.6.2.1 Energy Utilization Index

A very basic measure of a facility’s energy performance is called the
Energy Utilization Index (EUI). This is a statement of the number of Btu’s
of energy used annually per square foot of conditioned space. To compute
the EUI, all of the energy used in the facility must be identified, the total
Btu content tabulated, and the total number of square feet of conditioned
space determined. The EUI is then found as the ratio of the total Btu
consumed to the total number of square feet of conditioned space.

Example 1.1—Consider a building with 100,000 square feet of floor space.
It uses 1. 76 million kWh and 6.5 million cubic feet of natural gas in one
year. Find the Energy Utilization Index (EUI) for this facility.
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Solution: Each kWh contains 3412 Btu and each cubic foot of gas contains
about 1000 Btu. Therefore the total annual energy use is:

Total energy use = (1.76 x 106 kWh) x (3412 Btu/kWh)
+ (6.5 x 10° £t3) x (1000 Btu/ ft3)

=6.0x 107 + 6.5 x 109
=1.25x 1010 Btu/yr

Dividing the total energy use by 10° ft? gives the EUL

EUI = (1.25x 1010 Btu/yr)/(10° ft?)
= 125,000 Btu/ft?/yr

The average building EUI is 80,900 Btu/ ft?/ yr; the average office building
EUI is 101,200 Btu/ft?/yr. Figure 1-12 shows the range of energy inten-
siveness in 1000 Btu/ft?/yr for the twelve different types of commercial
facilities listed [7].
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Figure 1-12. Building energy utilization index, 1999 data. (In Thousand
Btu per Sq Ft per Year). Source - U.S. Department of Energy EIA (2005)
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1.6.2.2 Energy Cost Index
Another useful performance index is the Energy Cost Index or ECL

This is a statement of the dollar cost of energy used annually per square
foot of conditioned space. To compute the ECI, all of the energy used in
the facility must be identified, the total cost of that energy tabulated, and
the total number of square feet of conditioned space determined. The ECI
is then found as the ratio of the total annual energy cost for a facility to the
total number of square feet of conditioned floor space of the facility.

Example 1.2 Consider the building in Example 1.1. The annual cost for
electric energy is $115,000 and the annual cost for natural gas is $32,500.
Find the Energy Cost Index (ECI) for this facility.

Solution: The ECI is the total annual energy cost divided by the total
number of conditioned square feet of floor space.

Total energy cost = $115,000 + $32,500 = $147,500/ yr

Dividing this total energy cost by 100,000 square feet of space gives:

ECI = ($147,500/yr) /(100,000 ft?) = $1.48/{t?/yr

The Energy Information Administration reported a value of the
ECI for the average building as $1.19/ft?/yr from 1995 data. The ECI
for an average office building was $1.51/ft?/yr.

1.6.2.2 One-Shot Productivity Measures

The purpose of a one-shot productivity measure is illustrated in
Figure 1-13. Here the energy utilization index is plotted over time, and
trends can be noted.

Significant deviations from the same period during the previous
year should be noted and explanations sought. This measure is often
used to justify energy management activities or at least to show their
effect. For example, in Figure 1-13 an energy management (EM) pro-
gram was started at the beginning of year 2. Its effect can be noted by
comparing peak summer consumption in year 2 to that of year 1. The
decrease in peaks indicates that this has been a good program (or a
mild summer, or both).

Table 1-3 shows some often-used indices. Some advantages and
disadvantages of each index are listed, but specific applications will re-
quire careful study to determine the best index.
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Figure 1-13
One-shot energy productivity measurement.
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Table 1-3. Commonly Used Indices

Productivity indicator

Advantages

Disadvantages

1. Btu/unit of production

2. Btu/degree day

3. Btu/ft?

4. Combination, e.g., Btu/
unit-degree day-ft2 or
Btu/unit-degree day

Concise, neat

Often accurate when process
energy needs are high

Good for interplant and company
comparison when appropriate

Concise, neat, best used when HVAC*

is a majority of energy bill

Often accurate when process

needs are low or constant

Very consistent between plants, compan-
ies, etc. (all mfg can measure degree days)

Concise, neat

Accurate when process needs are low or
constant and weather is consistent

Very consistent (all mfg can measure
square feet)

Expansions can be incorporated directly

Measures several variables
Somewhat consistent, more
accurate than above measures
More tailor-made for specific needs

Difficult to define and meas-

ure “units”

Often not accurate (high

HVAC* and lighting makes energy
nonlinear to production)

Often not accurate (disregards
process needs)

Thermally heavy buildings
such as mfg plants usually

do not respond to degree days

No measure of production

or weather

Energy not usually linearly
proportional to floor space

(piecewise linear?)

Harder to comprehend

*Heating, ventilating, and air conditioning.
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Table 1-4
Proposed Indices

Productivity indicator Advantages Disadvantages
Btu/sales dollar 1. Easy to compute 1. Impact of inflation
$ energy 1. Really what's desired 1. Very complex, e.g., lots

($ sales) or ($ profit) or ($ value added)

N

Inflation cancels or shows
changing relative energy costs
3. Shows energy management

results, not just conservation 2.

(e.g., fuel switching, demand
leveling, contingency planning)

Btu/DL hour (or machine hour 1. Almost a measure of production 1.

or shift) where DL = direct labor (same advantage as in Table 1-3)
2. Data easily obtained when

already available 2.

3. Comparable between plants
or industries
4. Good for high process energy needs

of variables affect profit
including accounting
procedures

Not good for general
employee distribution

More complex, e.g., can’t
treat a DL hour like a
unit of production
Energy often not propor-
tional to labor or
machine input, e.g., high
HVAC and lighting
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Table 1-4 proposes some newer concepts. Advantages and disad-
vantages are shown, but since most of these concepts have not been
utilized in a large number of companies, there are probably other ad-
vantages and disadvantages not yet identified. Also, there are an infi-
nite number of possible indices, and only three are shown here.

1.6.3 An Example Energy Accounting System

General Motors Corporation has a strong energy accounting sys-
tem which uses an energy responsibility method. According to General
Motors, a good energy accounting system is implemented in three
phases: (1) design and installation of accurate metering, (2) develop-
ment of an energy budget, and (3) publication of regular performance
reports including variances. Each phase is an important element of the
complete system.

1.6.3.1 The GM system

Phase 1—Metering. For execution of a successful energy accounting pro-
gram, energy flow must be measured by cost center. The designing of
cost center boundaries requires care; the cost centers must not be too
large or too small. However, the primary design criterion is how much
energy is involved. For example, a bank of large electric induction heat-
treating furnaces might need separate metering even if the area in-
volved is relatively small, but a large assembly area with only a few
energy-consuming devices may require only one meter. Flexibility is
important since a cost center that is too small today may not be too
small tomorrow as energy costs change.

The choice of meters is also important. Meters should be accurate,
rugged, and cost effective. They should have a good turndown ratio; a
turndown ratio is defined as the ability to measure accurately over the
entire range of energy flow involved.

Having the meters is not enough. A system must be designed to
gather and record the data in a useful form. Meters can be read manu-
ally, they can record information on charts for permanent records, and/
or they can be interfaced with microcomputers for real-time reporting
and control. Many energy accounting systems fail because the data col-
lection system is not adequately designed or utilized.

Phase 2—Energy Budget. The unique and perhaps vital aspect of General
Motors” approach is the development of an energy budget. The GM
energy responsibility accounting system is somewhere between levels 3
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and 4 of Figure 1-11. If a budget is determined through engineering
models, then it is a standard cost system and it is at level 4. There are
two ways to develop the energy budget: statistical manipulation of his-
torical data or utilization of engineering models.

The Statistical Model. Using historical data, the statistical model shows
how much energy was utilized and how it compared to the standard
year(s), but it does not show how efficiently the energy was used. For
example, consider the data shown in Table 1-5.

The statistical model assumes that the base years are characteristic
of all future years. Consequently, if 1996 produced 600 units with the
same square footage and degree days as 1995, 1000 units of energy
would be required. If 970 units of energy were used, the difference (30
units) would be due to conservation.

We could use multiple linear regression to develop the parameters
for our model, given as follows:

energy forecast= a(production level) + b(ft?) + c(degree days) (1-1)
We can rewrite this in the following form:
X4 = aXl + bX2 + CX3

where  Xj;= production (units) X3 = weather data (degree days)

X, = floor space (ft?) X4 = energy forecast (Btu)

Degree days are explained in detail in Chapter Two, section 2.1.1.2.
Their use provides a simple way to account for the severity of the weather,
and thus the amount of energy needed for heating and cooling a facility.
Of course, the actual factors included in the model will vary between

Table 1-5
Energy Data for Statistical Model?
1995 1996 1997
Total energy (units) 1,000 1,100 1,050
Production (units) 600 650 650
Square feet 150,000 150,000 170,000
Degree days (heating) 6,750 6,800 6,800

aTaken, in part, from R.P. Greene, (see the Bibliography).
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companies and need to be examined carefully.

Multiple linear regression estimates the parameters in the universal
regression model in Equation 1-1 from a set of sample data. Using the base
years, the procedure estimates values for parameters a, b, and ¢ in Equa-
tion 1-1 in order to minimize the squared error where

squared error= 3 (X‘4 - X4)2

base (1-2)
years
with X4 = energy forecast by model
X, = actual energy usage

The development and execution of this statistical model is beyond
the scope of this book. However, regardless of the analytical method used,
a statistical model does not determine the amount of energy that ought to
be used. It only forecasts consumption based on previous years’ data.

The engineering model. The engineering model attempts to remedy
the deficiency in the statistical model by developing complete energy
balance calculations to determine the amount of energy theoretically re-
quired. By using the first law of thermodynamics, energy and mass bal-
ances can be completed for any process. The result is the energy required
for production. Similarly, HVAC and lighting energy needs could be
developed using heat loss equations and other simple calculations. Ad-
vantages of the engineering model include improved accuracy and flex-
ibility in reacting to changes in building structures, production schedules,
etc. Also, computer programs exist that will calculate the needs for HVAC
and lighting.

Phase 3— Performance Reports. The next step is the publication of energy
performance reports that compare actual energy consumption with that
predicted by the models. The manager of each cost center should be
evaluated on his or her performance as shown in these reports. The
publication of these reports is the final step in the effort to transfer energy
costs from an overhead category to a direct cost or at least to a direct
overhead item. One example report is shown in Figure 1-14.

Sometimes more detail on variance is needed. For example, if con-
sumption were shown in dollars, the variation could be shown in dollars
and broken into price and consumption variation. Price variation is calcu-
lated as the difference between the budget and the actual unit price times
the present actual consumption. The remaining variation would be due to
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Actual ~ Budget Variance % variance

Department A
Electricity 2000 1500 +500 +33.3%
Natural gas 3000 3300 =300 -9.1%
Steam 3500 3750 =250 —0.7%
Total 8500 8550 =50 =0.6%
Department B
Electricity 1500 1600 -100 —6.2%
Natural gas 2000 2400 —400 -16.7%
Fuel oil 1100 1300 —200 -15.4%
Coal 3500 3900 —400 -10.2%
Total 8100 9200 =1100 -11.9%

Department C

Figure 1-14
Energy performance report (106Btu)

a change in consumption and would be equal to the change in consump-
tion times the budget price. This is illustrated in Example 1.3. Other
categories of variation could include fuel switching, pollution control, and
new equipment.

However, had energy consumption not been reduced, the total en-
ergy cost would have been:

2125(4.50) + 6400(3.12) + 2571(4.46) = $40,997.
The total cost avoidance therefore was:
$40,997 — $34,000 = $6997
which is the drop in consumption times the actual price or
(2125 -2000) 4.5 + (6400 — 4808) 3.12 + (2571 — 2242) 4.46 = $6997

This problem of increased energy costs despite energy management sav-
ings can arise in a number of ways. Increased production, plant expan-
sion, or increased energy costs can all cause this result.



Example 1.3

The table shown in Figure 1-15 portrays a common problem in energy management reporting. The energy
management program in this heat treating department was quite successful. When you examine the totals, you see
that the total consumption (at old prices) was reduced by $5631. The total energy cost, however, went up by $500,
which was due to a substantial price variation of $6131. Consequently, total energy costs increased to $34,000.

[A] (B] [C] [D] [E] [F] [G]
E-For (BP- Ab)C
Actual  Budget Unit price Unit price A-B2 (D-Q)AP consumption
$ $ (budget) (actual) variance price variance variance
Department 100Btu  10°Btu  $/10°Btu  $/10°Btu
(source)
Heat treating $9,000 $8,500 $4.00 $4.50 +$500 +$1000 -$500
(electricity) 2,000 2,125 — — — — —
(natural gas) 15,000 16,000 2.50 3.12 -1000 +2980 -3980
4,808 6,400 — — — — —
(steam) 10,000 9,000 3.50 4.46 +1000 +2151 -1151
2,242 2,571 — — — — —
(total) $34,000  $33,500 — — +$500 +$6131 -$5631
aMeasured in $
bMeasured in 100 Btu
Figure 1-15

Energy cost in dollars by department with variance analysis.
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1.7 ENERGY MONITORING, TARGETING AND REPORTING

1.7.1 Introduction
Energy Monitoring, Targeting and Reporting (MT&R) is a power-
ful management technique for

e analyzing the historical energy performance of industrial, commer-
cial, and institutional facilities

® setting energy reduction targets

e controlling current energy performance

* and, projecting future energy budgets.

It is a technique that has proven its effectiveness in achieving energy
cost savings in the range five to fifteen percent as a direct consequence of
effective performance monitoring, and in creating the management infor-
mation needed to identify and implement energy efficiency measures.
Further, it provides a framework for savings verification when measures
are implemented.

The working definitions that commonly apply are the following:

e Energy Monitoring is the regular collection and analysis of informa-
tion on energy use. Its purpose is to establish a basis of management
control, to determine when and why energy consumption is deviating
from an established pattern, and to provide a basis for taking manage-
ment action where necessary.

e Targeting is the identification of levels of energy consumption to-
wards which it is desirable, as a management objective, to work.

* Reporting closes the loop, by putting the management information
generated in a form that enables ongoing control of energy use, the
achievement of reduction targets, and the verification of savings.

MT&R is built around one key statistical technique: CUSUM (Cumu-
lative Sum of Differences) analysis of the variance between energy con-
sumption predicted by an energy performance model (EPM), and the
actual measured consumption. Ancillary functions that are derived from

*This section was written by Mr. Doug Tripp, P. Eng., Executive Director, Cana-
dian Institute for Energy Training,; and Mr. Stephen Dixon, President, TdS Dixon
Inc.
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the CUSUM analysis are a target-setting methodology, and the applica-
tion of energy control charts for real-time management of performance.
The key steps in an effective MT&R process are:

* measurement of energy consumption over time

e measurement of the independent variables that influence energy con-
sumption (weather, production, occupancy) over corresponding time
intervals

e development of a relationship (the energy performance model) be-
tween energy and the independent variables

e historical analysis of energy performance using CUSUM, and applica-
tion of the CUSUM trend into the future

* definition of reduction targets

e frequent comparison of actual consumption to targets

e reporting of consumption and target variances

* taking action to address variances and ensure targets are met.

The achievement of energy cost savings is the primary objective of
MT&R, but there are other benefits as well, including:

¢ improved budgeting and forecasting

e improved product/service costing

e tracking and verification of energy efficiency retrofits

® opportunities for improved operation and maintenance practices.

1.7.1.1 MT&R and Continuous Improvement
Monitoring and target setting have elements in common and they

share much of the same information. As a general rule, however, monitor-
ing comes before target setting because without monitoring you cannot
know precisely where you are starting from or decide if a target has been
achieved. The reporting phase not only supports management control,
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but also provides for accountability in the relationship between perfor-
mance and targets.

MT&R is consistent with other continuous improvement techniques
applied in organizations, and should be viewed as an ongoing, cyclical
process, as Figure 1-15 suggests.

The cycle begins with any measured energy data presently available,
typically energy bills or invoices. Once assembled the data can be ana-
lyzed to reveal patterns, trends and consumption statistics. The reporting
of the information resulting from this analysis can be used to prompt
actions that produce results, typically the reduction of consumption and
costs. Subsequent measurements and analysis reveal the actual result of
the actions. The process then enters another cycle of measurement, analy-
sis and action.

1.7.1.2 Energy Cost Center

The organizational basis for MT&R is the energy cost center (ECC).
An ECC is a unit for which energy use may be measured along with other
factors that influence the energy consumption. For example, the ECC
might be a single building in a portfolio of properties, a production unit or
department in a plant, or a major energy consuming system such as the
heating plant.

Basic criteria for the designation of an ECC are:

o energy consumption can be measured in isolation

e the cost of measurement can be justified by potential savings
e the ECC must correspond to existing business structures

e someone must be accountable for the ECC

e afactor of influence must be measurable.

Result Measure
Data
Take Action
Analyze
Information

Figure 1-15. The Measure-analyze-action Cycle
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1.7.1.3 Units of Measure

An energy monitoring and targeting system must measure data for
all energy forms utilized in the ECC. While the goal of the system is to
reduce costs, dollars are not good universal measurement units for basic
data. Unit prices tend to fluctuate over time making comparison of
present to previous energy usage difficult if not impossible. Current unit
prices can be applied to calculated energy savings to determine total cost
avoidance.

Wherever possible, data should be recorded in physically measur-
able units (typically the units of purchase such as gallons, litres, therms,
kWh, {t3, M3 and so on). If more than one energy source is being used by
the ECC, it is necessary to convert the units of purchase to a common unit
using the appropriate energy equivalence factors for each form.

1.7.2 Principles of Energy Monitoring

Energy monitoring involves the development of an energy perfor-
mance model (EPM) that quantifies a relationship between consumption
and the applicable independent variables, and the comparison of perfor-
mance predicted by the model to actual performance by means of CUSUM
analysis. Although the EPM can be developed in a number of ways, it
most commonly involves the use of regression analysis.

1.7.2.1 Independent Variables

In addition to energy data for each ECC, the applicable factors of
influence, or independent variables, must be measured. Some examples
include:

e Operating Hours/Occupancy—In office buildings, schools, hospitals,
retail stores, warehouses, accommodation facilities, energy consump-
tion depends primarily on the weather through the heating and cool-
ing systems, and secondarily on patterns of use such as operating
hours and occupancy. Electricity and fuel each have their own depen-
dencies or combination of dependencies specific to each facility’s
systems.

e Production Level—Energy use in manufacturing and industrial facili-
ties depends strongly on production level or a measure of the facility’s
output, in units, tons, or some other appropriate unit. Also, energy
use in these operations often exhibits a strong dependence upon
weather.
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e Degree Days—Degree days are a measure of the outside temperature
for a given period and can often be used to predict the amount of
heating and cooling energy a building requires.

Heating degree days (HDD), for the winter season indicate the dif-
ference between the outside temperature and a baseline (typically 65°F or
18°C) and how long that difference exists for. Likewise cooling degree
days (CDD) indicate the difference above a base temperature (typically
72°C or 22°C) for the cooling season.

Degree days can be derived from temperature measurements at the
facility, or can be obtained from weather services and some utilities. For a
basic MT&R system, degree days from a nearby site are often adequate
although they may only be available on a monthly basis.

1.7.2.2 Functional Relationship between Energy and the
Independent Variables

1.7.2.2.1 The degree-day

The energy consumed to maintain building temperature at its de-
sired set point is approximately equivalent to heat lost through the build-
ing envelope and ventilation in the heating season or gained in the cooling
season. It can be shown from standard heat loss/gain relationships that
heat is related to the difference between indoor and outdoor temperature
according to Equation 1-3:

H=UA + C,NV)(TT,) (1-3)

where:

H is the rate of heat flow

U is the heat transfer coefficient of the building envelope, taking into
account its components such as glazing, interior wall finish, insula-
tion, exterior wall, etc.

A is the external area of the building envelope

C, is the specific heat of air

N is the number of air changes of per unit of time

V is the volume of the building being ventilated

T-T, is the difference between the inside and outside temperatures.

U, A, Cp, N, and V are all characteristic constants of the building,
and usually T, is controlled at a constant set value. Therefore, the only
variable in the equation is T and it may be higher or lower than the inside
temperature depending on the season. When T, is less than T, His a
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positive number indicating that heat must be added to the building in the
heating season, and when T is greater than T, H is a negative number
indicating that heat must be removed from the building in the cooling
season.

When degree-days are used as the determinant of heat load, equa-
tion 1-3 becomes:

H=(UA + CPNV) x degree-days + ¢ (1-4)

which is the equation of a straight line, as in Figure 1-16, when H is plotted
against degree-days, having a slope = (UA + CPNV) and an intercept on
the y-axis = c. This constant c is the ‘no load’ energy provided whatever
the weather conditions by such things as office equipment, the losses from
the boiler, lighting, and people.

1.7.2.2.2 Production

Energy used in production processes typically heats, cools, changes
the state of, or moves material. Obviously it is impossible to generalize as
industrial processes are both complex and widely varied. However, a
similar theoretical assessment of specific processes as that done for de-
gree-days will yield a similar conclusion: that is, there is reason to expect
that energy plotted against production will also produce a straight line of
the general form:

y=mx+c (1-5)

(UA + Cp N V) =slope

b

Degree-days

Figure 1-16. Relationship between degree-days and heat load.
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where ¢, the intercept (and, no load or zero production energy consump-
tion), and m, the slope are empirical coefficients, characteristic of the
system being analyzed.

1.7.2.3 Establishing the Energy Performance Model

Energy use data alone are of very limited usefulness in understand-
ing the nature of the energy system, identifying opportunities for effi-
ciency improvement, and controlling energy use in the future. Refining
data to information that facilitates these functions involves analysis, fol-
lowing steps illustrated here.

Three basic methods exist for establishing a model:

* previous year’s data—simply using last year as a predictor of this
year’s consumption. Typically only useful when there are no signifi-
cant factors of influence.

* regression analysis—a statistical approach based upon historical con-
sumption and the factors of influence.

e simulation model—using complex numerical computer models to
simulate the energy consumption.

The most common method for a basic system is regression analysis.

In many instances linear regression of energy consumption against a
single independent variable (degree-days or production) generates a valid
energy performance model. In some cases, multivariant linear regression,
for example against degree-days and production in a plant for which
there is significant dependence on weather, is a better representation of
the energy relationship.

To illustrate, two data sets are shown below, one for a building with
energy consumption driven by degree days, and one for a plant in which
the driver is production. In each case, the scatter plot produced when
consumption is plotted against the independent variable is subjected to
linear regression, with the results shown in Figure 1-17.

The graph produces an energy performance model equation as
shown. That is,

Electricity (kWh) = 124.54 x HDD + 9206.7 (1-6)

The two parameters in the equation have a physical meaning;:
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Table 1-6. Sample Energy Data for a School

Heating Total Electricity
Month Degree Days kWh
Feb 01 577 82,800
Mar 01 613 80,640
Apr 01 490 73,440
May 01 2709 43,920
Jun 01 179 33,840
Jul 01 29 18,720
Aug 01 31 10,080
Sep 01 40 11,520
Oct 01 172 26,640
Nov 01 316 50,400
Dec 01 456 62,640
Jan 02 579 84,240
)
90,000
80,000 } 0 o.losiiiciainn L ain i n P e
y = 124.54x + 9206.7
70,000 - R% = 0.9848
-_%, 50,000 4 - o
2
ks
@ 30,000 4 oooonin
m B
o T T v T ¥ T
0 100 200 300 400 500 600 700

HDD (n/a)

Figure 1-17. Regression Analysis of School Energy Data

the slope of the line, 124.54 represents the incremental energy con-
sumption per heating degree day

the intercept, 9206.7, represents the non-heating or weather-indepen-
dent load.
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Assessment of building performance may involve an examination of

each of these components of load separately.

Similarly, a plant production data-set in Table 1-7 generates a regres-

sion model as in Figure 1-18.

Table 1-7. Sample Energy Data for a Food Processing Plant

Production Total Process
Month Ib. Energy, MMBtu
Jan 02 39,600 137,243
Feb 02 21,120 107,620
Mar 02 15,840 94,630
Apr 02 13,200 102,649
May 02 44,880 152,845
Jun 02 47,520 171,792
Jul 02 31,680 126,754
Aug 02 10,560 84,905
Sep 02 29,040 120,510
Oct 02 23,760 108,051
Nov 02 10,560 87,491
Dec 02 13,200 89,379
Jan 03 36,960 131,255
Feb 03 40,920 144,886
Mar 03 43,560 145,882
Apr 03 50,160 158,760
May 03 10,560 81,102
Jun 03 14,520 86,234
Jul 03 39,600 129,613
Aug 03 21,120 98,710
Sep 03 16,632 88,233
Oct 03 29,040 112,643
Nov 03 18,480 92,912
Dec 03 44,880 142,198
Jan 50,160 147,453
Feb 04 42,240 147,231
Mar 04 31,680 123,359
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Figure 1-18. Regression Analysis of Food Processing Plant Energy Con-
sumption

Here the energy performance model is
Process Energy (MMBtu) = 1.8873 x Production (Ib.) + 63,726  (1-7)

in which, once again, we see the two components of energy consumption,
the production-related component (1.9929 MMBtu/1b.) and the produc-
tion-unrelated base load (65,546 MMBtu).

In each of these examples, the R? value indicates the level of confi-
dence we have in the fit of the regression line to the scatter of points.

In the industrial example, it is important to note that many points lie
above and below the regression line. This may indicate that energy perfor-
mance has changed at some point within the 27 months considered. If the
points were plotted chronologically, it might become evident that the
early points fall above the line (i.e. at relatively higher energy consump-
tion for given production levels) while later points fall below the line (i.e.
at relatively lower energy consumption), or vice versa.

If there has been a change in performance, either due to a deliberate
action or for an as yet unknown reason, the regression model for the entire
data set is not a useful basis for comparison; that is, we need a “baseline”
period that is characterized by consistent performance or efficiency.
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1.7.2.3.1 Defining the Baseline

Finding a baseline period may involve trial and error analysis of the
data, or it may be defined as a result of knowledge about plant operations.
For the purposes of this illustration, let us suppose that it is known that
the plant performed consistently for the first 12 months, at which point an
improvement was implemented. The regression of the first 12 points in
the data set yields Figure 1-19 and a new energy performance model for
the baseline period.

The baseline relationship is
Process Energy (MMBtu) = 2.0078 x Production (Ib.) + 64,966  (1-8)

Comparison of Equations 1-7 and 1-8 immediately indicates two impor-
tant findings:

e the production-related energy is lower for the entire data set than it
was in the first 12 months (1.8873 vs. 2.0078 MMBtu/1b.)

e the production-unrelated energy is lower for the entire data set than it
was in the first 12 months (63,726 vs. 64,966 MMBtu)

200,000

y = 2.0078x + 64966 .

160,000 - 5 DftensiEs o
R =0957 -

140,000 -
120,000 - - - -
100,000 -

80,000 4

Energy (MMBtu)

40,000 47 oo oL SIS TT D L e

0 T - T T T
0 10000 20000 30000 40000 50000
Production (Ib)
\- J

Figure 1-19. Baseline Model for Food Processing Plant
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Both of these findings suggest that performance improvements have
taken place to lower the overall energy consumption rates from what they
were in the first year.

1.7.2.4 CUSUM Analysis
The baseline EPM, for the shaded months in Table 1-8, is used in
CUSUM analysis.

* Predicted values of energy consumption are calculated from Equation
1-8 the actual production values.

e Variance is simply actual consumption-predicted consumption.

e CUSUM values are, as the name indicates, the cumulative algebraic
sum of the variances.

So, for example:
the CUSUM value for Oct 02
= 5,389 (the cumulative sum for the previous month) +
(—4,621) (the variance for Oct 02).

The CUSUM values are plotted in a time series shown in Figure 1-20.

1.7.2.4.1 Interpreting the CUSUM Graph

The CUSUM graph reveals changes in energy performance at any
point where there is a significant change in the slope of the line. A down-
ward trending line indicates energy saved in comparison to the baseline
performance, while an upward trending line indicates a higher rate of
consumption.

After the first 12 months of the data set, a downward trend that
continues until approximately month 18 is noted. At that point, the
downward trend increases in rate, indicating that energy is being
saved at a higher rate than in the previous 6 months; this trend con-
tinues until month 25. At month 25, another change in slope is ob-
served, but this time to a lower rate of saving; this change indicates
that one of the improvements, probably the second one, has stopped
functioning, and that action is required to correct the malfunction.
Comparison of the slopes for line segments 12-18 and 25-27 indicates
that they appear to be approximately the same; that is, the rate of
savings is the same in these two periods.

Overall, the graph indicates that a total of approximately 130,000
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Table 1-8. CUSUM Calculations for Food Processing Plant

Total Predicted Variance
Process Process  Actual—
Production Energy, Energy Predicted CUSUM
Month 1b. MMBtu MMBtu MMBtu MMBtu
Jan 02 39,600 137,243 144,476 -7,233 -7,233
Feb 02 21,120 107,620 107,371 248 —-6,985
Mar 02 15,840 94,630 96,770 —2,140 -9,125
Apr 02 13,200 102,649 91,469 11,179 2,054
May 02 44,880 152,845 155,077 -2,233 -178
Jun 02 47,520 171,792 160,378 11,414 11,235
Jul 02 31,680 126,754 128,574 -1,820 9,416
Aug 02 10,560 84,905 86,169 -1,263 8,152
Sep 02 29,040 120,510 123,273 —2,763 5,389
Oct 02 23,760 108,051 112,672 4,621 768
Nov 02 10,560 87,491 86,169 1,322 2,090
Dec 02 13,200 89,379 91,469 -2,090 -0
Jan 03 36,960 131,255 139,175 7,921 7,921
Feb 03 40,920 144,886 147,126 —2,240 -10,161
Mar 03 43,560 145,882 152,427 —6,545 -16,706
Apr 03 50,160 158,760 165,679 -6,919 -23,625
May 03 10,560 81,102 86,169 -5,067 -28,691
Jun 03 14,520 86,234 94,120 -7,886 -36,577
Jul 03 39,600 129,613 144,476 -14,863 51,440
Aug 03 21,120 98,710 107,371 -8,661 —-60,101
Sep 03 16,632 88,233 98,360 -10,127 70,228
Oct 03 29,040 112,643 123,273 -10,630 -80,858
Nov 03 18,480 92,912 102,071 -9,159 -90,018
Dec 03 44,880 142,198 155,077 -12,879  -102,897
Jan 04 50,160 147,453 165,679 -18,226  -121,123
Feb 04 42,240 147,231 149,777 -2,546  -123,669

Mar 04 31,680 123,359 128,574 -5,215 128,884
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Figure 1-20. CUSUM Graph for Food Processing Plant
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Figure 1-21. CUSUM Trends

MMBtu (actually 128,884 MMBtu from Table 1-8) has been saved in
comparison to what would have been consumed had the baseline per-
formance continued for the entire period.
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1.7.2.4.2 Source of the Savings

The CUSUM graph indicates when performance changes occurred,
and what they achieved in terms of energy saved or wasted. It does not
directly indicate how or why those changes occurred. However, further
examination of the period of best performance, months 18 through 24 in
the example, does give some further information. Figure 1-22 is the regres-
sion line for those months.

The performance parameters for this period compared to the base-
line period indicate the relative improvements:

Table 1-9. Comparison of Peak Performance Period to Baseline Period

Months %o
Parameter Baseline 18-24 Improvement
Slope—production related
consumption 2.0078 1.8231 9.20
Intercept—production
unrelated consumption 64,966 59,228 8.83
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Figure 1-22. Regression for Months 18-24
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The improvement in the production-related consumption is 9.20%,
while the production-unrelated baseload has been reduced by 8.83%. That
is, there has been an improvement in operating efficiency as well as a
reduction in baseload waste.

1.7.3 Setting Performance Targets

MT&R provides a statistical basis for setting performance targets.
The parameters of the energy performance model typically quantify incre-
mental and base loads, as seen above, and each of these components of
load should be addressed separately.

Since an EPM can be defined for any period of historical perfor-
mance, initial targets are often based on periods of peak performance. In
the industrial example, a reasonable target is to sustain the performance of
the 18 to 24 month period, as defined in Table 1-9.

Other strategies for setting targets include:

e eliminating the highest or least efficient points from the data set; in
Figure 4, this would involve deleting the points that fall above the
regression line from the data set and developing a new EPM on what
remains;

e defining best historical performance as the target; in Figure 1-18, this
would involve selecting only the points that fall well below the re-
gression line and developing a new EPM on these points alone. This is
equivalent to selecting the period of best performance on the CUSUM
graph, as indicated above;

* assessing the base and incremental loads to identify specific actions
that can be taken to reduce them, and defining a new EPM that adjusts
the incremental and base load parameters accordingly.

Whichever method is used, target setting should be viewed as a
continuous improvement strategy in order to maximize and sustain sav-
ings.

1.7.4 Controlling Performance

Once a target has been set, the challenge is to manage performance
to achieve and sustain that performance. Control charts similar to those
used to manage other functions can be constructed from the energy moni-
toring analysis to control energy performance.

Using the production case to illustrate, the data of Table 1-8 can be
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re-examined, now in light of a target EPM. For example, the 18 to 24
month period, the shaded cells in Table 1-10, is a suitable initial target
since it represents superior performance that has already been demon-
strated. The EPM for this period has been determined to be:

Process Energy (MMBtu) = 1.8231 x Production + 59,228  (1-9)

A new set of predicted energy consumption values can be calcu-
lated, the “target” consumption as shown in Table 1-10. The variance
between actual and target consumption is then calculated; positive values
indicate consumption above target, negative below. Control charts are a
plot of variance from standard (not cumulative variance as in CUSUM).
The variance values calculated in Table 1-10 are plotted in Figure 1-23, the
control chart.

Control limits can be applied to the control chart as shown; in Figure
1-23 they are arbitrarily set at +/2,500. The upper and lower control limits
may reflect knowledge about what variance is tolerable or reasonable in
the system being controlled (in this case, it is the entire process operation).
There are also statistical criteria for setting control limits; a good value for
the control level is 1.4 times the average of the variances in the target
period ignoring the signs, in this example, +/-1,250 (as calculated from
Table 1-10 for the period June through December, 2003).

While the CUSUM graph can also be used to monitor performance
into the future, the control chart is a tool that lends itself to production
floor or mechanical room applications for real-time control. Where in the
example the time increment for the analysis is monthly, the same ap-
proach can be applied on a daily, weekly, shift, or batch-by-batch basis.

1.7.5 Reporting
Reporting within a MT&R system has a number of functions:
o to create motivation for energy saving actions;
e  toreport regularly on performance;
o to monitor overall utility costs;
. to monitor cost savings.

Within most organizations, the need for the type of information
generated by a monitoring and targeting system varies with level and
responsibility. Typically as the need moves from the operational level in
the plant or building operation to the senior management level the re-
quirement for detail diminishes, as does the frequency of reporting.

Operations staff need energy control information to stimulate spe-



Table 1-10. Control Chart Calculations for Production Example

Total Process Predicted Variance Actual- Target Process | Variance Actual-

Production Energy, Process Energy Predicted CUSUM Energy Target
Month Ib. MMBtu MMBtu MMBtu MMBtu MMBtu MMBtu
Jan 02 39,600 137,243 144,476 -7,233 -7,233 131,423 5,820
Feb 02 21,120 107,620 107,371 248 1 -6,985 97,732 9,888
Mar 02 15,840 94,63-0 96,770 -2,140 -9,125 88,106 6,524
Apr 02 13,200 102,649 91,469 11,179 2,054 83,293 19,356
May 02 44,880 152,845 155,077 -2,233 -178 141,049 11,796
Jun 02 47,520 171,792 160,378 11,414 11,235 145,862 25,930
Jul 02 31,680 126,754 128,574 -1,820 9,416 116,984 9,771
Aug 02 10,560 84,905 86,169 -1,263 8,152 78,480 6,426
Sep 02 29,040 120,510 123,273 -2,763 5,389 112,171 8,339
Oct 02 23,760 108,051 112,672 -4,621 768 102,545 5,556
Nov 02 10,560 87,491 86,169 1,322 2,090 78,480 9,011
Dec 02 13,200 89,379 91,469 -2,090 -0 83,293 6,086
Jan 03 36,960 131,255 139,175 -7,921 -7,921 126,610 4,645
Feb 03 40,920 144,886 147,126 -2,240 -10,161 133,829 11,057
Mar 03 43,560 145,882 152,427 -6,545 -16,706 138,642 7,240
Apr 03 50,160 158,760 165,679 -6,919 -23,625 150,675 8,086
May 03 10,560 81,102 186,169 -5,067 -28,691 78,480 2,622
Jun 03 14,520 86,234 94,120 -7,886 -36,577 85,699 535
Jul 03 39,600 129,613 144,476 -14,863 -51,440 131,423 -1,810
Aug 03 21,120 98,710 107,371 -8,661 -60,101 97,732 979
Sep 03 16,632 88,233 98,360 -10,127 -70,228 89,550 -1,317
Oct 03 29,040 112,643 123,273 -10,630 -80,858 112,171 472
Nov 03 18,480 92,912 102,071 -9,159 -90,018 92,919 -7
Dec 03 44,880 142,198 155,077 -12,879 -102,897 141,049 1,149
Jan 04 50,160 147,453 165,679 -18,226 -121,123 150,675 -3,222
Feb 04 42,240 147,231 149,777 -2,546 -123,669 136,236 10,995
Mar 04 31,680 123,359 128,574 -5,215 -128,884 116,984 6,376

]
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Figure 1-23. Control Chart for Production Example

cific energy savings actions; while senior managers need summary infor-
mation with which to guide the organization’s energy management effort.
This is depicted in Figure 1-24. One report for all will not result in the
appropriate decisions being made, and actions being taken.

The format of the reports is unique to each organization. In general,
reporting of information should be integrated into the organizational
management information system.

1.7.6 Savings Verification

There is a well-established protocol for verifying the savings that
result from energy management measures. The IPMVP (International Per-
formance Measurement and Verification Protocol) defines the fundamen-
tal relationship for comparing post-installation to pre-installation perfor-
mance as:

Savings = (Baseline Energy Use, ;,;.q — (Post-installation energy use)

The complicating factors are:

e what adjustments to the baseline performance are required, and how
are they carded out;

e what measurements are required to determine post-installation per-
formance, and how are they carried out.
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Figure 1-24. Reporting Pathways for a MT&R System

The adjustment of baseline energy use is derived in part from the
same energy performance model that is used to predict consumption for
the purpose of monitoring and control. That is, adjustments need to ac-
count for varying weather factors (HDD and CDD), production, occu-
pancy, and so on, just as was required for MT&R.

Organizations that routinely conduct MT&R are prepared to apply
the same management information to the verification of savings resulting
from energy management measures.

1.8 SUMMARY

This chapter has discussed the need for energy management, the
historical use of energy, and the design, initiation, and management of
energy management programs. The chapter emphasizes energy account-
ing, especially cost center accounting and necessary submetering.

We defined an energy management activity as any decision that
involves energy and affects the profit level. Anything that improves prof-
its and / or enhances competitive positions is considered effective energy
management, and anything else is poor energy management. The motiva-
tion for starting energy management programs is multi-faceted and varies
among companies. The following outline lists the major reasons:

e Economic—Energy management will improve profits and enhance
competitive positions.
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e National good—Energy management is good for the U.S. economy as
the balance of payments becomes more favorable and the dollar stron-

ger.

Energy management makes us less vulnerable to energy cutoffs or
curtailments due to political unrest or natural disasters elsewhere.

Energy management is kind to our environment as it eases some of
the strain on our natural resources and may leave a better world for
future generations.

In designing an energy management program, several ingredients
are vital:

e Top Management commitment. Commitment from the top must be
strong and highly visible.

*  One-person responsibility. The responsibility for the energy manage-
ment program must lie in one person who reports as high in the
organization structure as possible.

e Committee backup. The energy management coordinator must have
the support of two committees. The first is a steering committee,
which provides direction for the program. The second is a technical
committee, which provides technical backup in the necessary engi-
neering disciplines.

® Reporting and monitoring. An effective monitoring and reporting
system for energy consumption must be provided.

e Training. Energy management is a unique undertaking. Hence, train-
ing and retraining at all levels is required.

To successfully start an energy management program, some public-
ity must accompany the early stages. This can be achieved with news
releases, films, plant meetings, or a combination of them. Early project
selection is a critical step. Early projects should be visible, and should
have good monetary returns, with few negative consequences.

Management and creative personnel are always critical components
of an energy management program. Tough, specific, and measurable
goals need to be developed. Once the goals are established, management
should carefully monitor the results, but the energy management staff
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should be allowed to perform its functions. Staff and management need to
realize that (1) energy costs, not consumption, are to be controlled (2)
energy should be a direct cost—not an overhead item, and (3) only the
main energy consumers need be metered and monitored closely.

Energy accounting is the art and science of tracing Btu and energy
dollar flow through an organization. Cost center orientation is important,
as are comparison to some standard or base and calculations of variances.
Causes for variances must then be sought. General Motor’s energy re-
sponsibility accounting system was discussed in some detail. However,
no accounting system is a panacea, and any system is only as accurate as
the metering and reporting systems allow it to be.
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Chapter 2

The Energy Audit Process:
fin Querview

2.0 INTRODUCTION

Once a commercial or industrial facility has designated its energy
manager and given that person the support and authority necessary to
develop an adequate energy management program, the first step the
energy manager should take is to conduct an energy audit. Also called an
energy survey, energy analysis, or energy evaluation, the energy audit
examines the ways energy is currently used in that facility and identifies
some alternatives for reducing energy costs. The goals of the audit are:

* to clearly identify the types and costs of energy use,

e tounderstand how that energy is being used—and possibly wasted,

e to identify and analyze alternatives such as improved operational
techniques and/or new equipment that could substantially reduce
energy costs®, and

* to perform an economic analysis on those alternatives and determine
which ones are cost-effective for the business or industry involved.

This chapter addresses the three phases of an energy audit: prepar-
ing for the audit visit; performing the facility survey and implementing
the audit recommendations. In the first phase, data from the energy bills is
analyzed in detail to determine what energy is being used and how the
use varies with time. Preliminary information on the facility is compiled,
the necessary auditing tools are gathered, and an audit team is assembled.

*In most cases the energy cost savings will result from reduced consumption, but occasion-
ally a cost savings will be associated with increased energy use. For example, a thermal
storage system for heating and/or cooling may save on electric bills, but may actually
increase the use of electric energy due to the losses in the storage system. While the primary
goal of energy management programs is to reduce energy costs, some proposed alternatives
may not always produce greater energy efficiency. However, an overall improvement in a
facility’s energy efficiency should be the overriding goal for any company’s energy manage-
ment team.

61
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Phase two starts after a safety briefing when the team performs a walk-
through inspection, looking carefully at each of the physical systems
within the facility and recording the information for later use. After the
plant survey, the audit team must develop an energy balance to account
for the energy use in the facility. Once all energy uses have been identified
and quantified, the team can begin analyzing alternatives. The final step
of phase two is the audit report which recommends changes in equip-
ment, processes or operations to produce energy cost savings.

Phase Three—the implementation phase—begins when the energy
manager and the facility management agree on specific energy savings
goals and initiate some or all of the actions recommended to achieve those
goals. Setting up a monitoring system will allow management to assess
the degree to which the chosen goals have been accomplished and to
show which measures have been successful and which have failed. The
results of the monitoring should feed back to the beginning of the audit
cycle and thus potentially initiate more analysis, implementation, and
monitoring.

2.1 PHASE ONE—PREPARING FOR AN ENERGY AUDIT

The energy audit process starts with an examination of the historical
and descriptive energy data for the facility. Specific data that should be
gathered in this preliminary phase includes the energy bills for the past
twelve months, descriptive information about the facility such as a plant
layout, and a list of each piece of equipment that significantly affects the
energy consumption. Before the audit begins, the auditor must know
what special measurement tools will be needed. A briefing on safety
procedures is also a wise precaution.

2.1.1 Gathering Preliminary Data on the Facility

Before performing the facility audit, the auditors should gather in-
formation on the historical energy use at the facility and on the factors
likely to affect the energy use in the facility. Past energy bills, geographic
location, weather data, facility layout and construction, operating hours,
and equipment lists are all part of the data needed.

2.1.1.1 Analysis of Bills

The audit must begin with a detailed analysis of the energy bills for
the previous twelve months. This is important for several reasons: the bills
show the proportionate use of each different energy source when com-
pared to the total energy bill; an examination of where energy is used can
point out previously unknown energy wastes; and, the total amount spent
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on energy puts an obvious upper limit on the amount that can be saved.
The data from the energy bills can be conveniently entered onto a form
such as shown in Figure 2-1. Note that the most significant billing factors
are shown, including peak demand for electricity.

Location/Meter #

From to
(Mo./Yr.) (Mo./Yr.)

Electrical use Gas use Fuel oil

Month  Peak kW  Usage: kWh Cost MMCFa Dth®  Cost Gallons Cost

al MMCEF = 100 ft3
b 1Dth = 10 therms = 106 Btu

Figure 2-1. Summary form for energy use.

The energy bill data must be analyzed by energy source and billed
location. The data can be tabulated as illustrated in Figure 2-2 of Example
2-1.

Example 2-1. This example demonstrates the importance of analyzing
energy bills. As Figure 2-2 shows, most of the gas used at this facility is
used by the main heating plant. Therefore most of the energy manage-
ment effort and money should be concentrated on the main heating plant.

Building Energy Costs Percentage of total
Heating plant $38,742.34 83.2%
East dormitory 4,035.92 8.7%
Married student apartments 1,370.79 2.9%
Undergraduate dormitory 768.42 1.7%
Greenhouse 560.21 1.2%
Child development center 551.05 1.2%
President’s home 398.53 0.9%
Art barn 104.77 0.2%

Figure 2-2. Natural gas bills for a small college.
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The data in this example should raise some questions for the auditor
before he ever visits the facility. The greenhouse appears to use a lot of
energy; it uses more than the child development center and almost as
much as the undergraduate dormitory. Since the greenhouse is not par-
ticularly large, this data raised a red flag for the energy auditor. Because
one should never make assumptions about what is actually using the
energy, the auditor checked the gas consumption meter at the greenhouse
to make sure it was not measuring gas consumption from somewhere else
as well. Subsequent investigation revealed that the heating and cooling in
the greenhouse were controlled by different thermostats. One thermostat
turned the cooling on when the temperature got too high—but before the
second thermostat had turned the heat off! If it had turned out that the gas
use from several other buildings had been metered by the same meter as
the greenhouse, it would have been necessary to find a way to allocate gas
consumption to each building.

In this example, the amount of energy used in the president’s house
could also be questioned; it uses nearly as much gas as the child develop-
ment center. Perhaps the president’s home is used for activities that
would warrant this much gas use, but some equipment problem might
also be causing this difference, so an energy audit of this facility might be
worthwhile.

Another way to present the data is in graph form. A sample of the
type of graph that should be made for each type of energy is shown in Fig-
ure 2-3. Each area of the country and each different industry type has a
unique pattern of energy consumption, and presenting the data as shown
in Figure 2-3 helps in defining and analyzing these patterns. In the facility
from which this example came, natural gas is used in the winter for space
heating, so the January peak is not surprising. For electrical consumption,
if a peak demand charge is based on the annual peak, the energy auditor
must know the time and size of this peak in order to address measures to
reduce it.

A complete analysis of the energy bills for a facility requires a de-
tailed knowledge of the rate structures in effect for the facility. To accu-
rately determine the costs of operating individual pieces of equipment,
the energy bills must be broken down into their components, such as de-
mand charge and energy charges for the electric bill. This breakdown is
also necessary to be able to calculate the savings from Energy Manage-
ment Opportunities (EMOs) such as high-efficiency lights and high-effi-
ciency motors, and off-peak electrical use by rescheduling some opera-
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Graph of energy consumption over time. (Courtesy of U.S. Department
of Energy Conservation, Instructions for Energy Auditors, DOE/CS-0041/
12 and 0041/13, Sept. 1978.)

tions. This examination of energy rate structures is explained in detail in
Chapter 3.

2.1.1.2 Geographic Location/Degree Days /Weather Data

The geographic location of the facility should be noted, together
with the weather data for that location. The local weather station, the local
utility or the state energy office can provide the average degree days for
heating and cooling for that location for the past twelve months. This
degree-day data will be very useful in analyzing the energy needed for
heating or cooling the facility.

Heating degree days (HDD) and cooling degree days (CDD) are given
separately, and are specific to a particular geographic location. The degree
day concept assumes that the average building has a desired indoor
temperature of 70°F, and that 5°F of this is supplied by internal heat
sources such as lights, appliances, equipment, and people. Thus, the base
for computing HDD is 65°F.
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Example 2-2 If there were a period of three days when the outside tem-
perature averaged 50°F each day, then the number of HDD for this three
day period would be

HDD = (65° — 50°) x 3 days = 45 degree days.

The actual calculation of HDD for an entire year is more involved
than this example. HDD for a year are found by taking the outside tem-
perature each hour of the heating season, subtracting that temperature
from 65°F, and summing up all of these hourly increments to find the total
number of degree hours. This total is then divided by 24 to get the number
of HDD. Cooling degree days are similar, using 65°F as the base, and
finding the number of hours that the outside temperature is above 65°F,
and dividing this by 24 to get the total CDD [1].

Bin weather data is also useful if a thermal envelope simulation of the
facility is going to be performed as part of the audit. Weather data for a
specific geographic location has been statistically analyzed and the results
grouped in cells or bins. These bins contain the number of hours that the
outside temperature was within a certain range (e.g. 500 hours at 90-95°).
This data is called bin weather data and is available for a large number of
locations throughout the United States [2].

2.1.1.3 Facility Layout

Next the facility layout or plan should be obtained, and reviewed to
determine the facility size, floor plan, and construction features such as
wall and roof material and insulation levels, as well as door and window
sizes and construction. A set of building plans could supply this informa-
tion in sufficient detail. It is important to make sure the plans reflect the
“as-built” features of the facility, since the original building plans seldom
are completed without alterations.

2.1.1.4 Operating Hours
Operating hours for the facility should also be obtained. How many

shifts does the facility run? Is there only a single shift? Are there two?
Three? Knowing the operating hours in advance allows some determina-
tion as to whether any loads could be shifted to off-peak times. Adding a
second shift can often reduce energy bills because the energy costs during
second and third shifts are usually substantially cheaper. See Chapter
Three for an explanation of on-peak and off-peak electric rates.
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2.1.1.5 Equipment List
Finally, the auditor should get an equipment list for the facility and

review it before conducting the audit. All large pieces of energy-consum-
ing equipment such as heaters, boilers, air conditioners, chillers, water
heaters, and specific process-related equipment should be identified. This
list, together with data on operational uses of the equipment allows the
auditor to gain a good understanding of the major energy-consuming
tasks or equipment at the facility.

The equipment found at an audit location will depend greatly on the
type of facility involved. Residential audits for single-family dwellings
generally involve small lighting, heating, air conditioning and refrigera-
tion systems. Commercial operations such as grocery stores, office build-
ings and shopping centers usually have equipment similar to residences,
but the equipment is much larger in size and in energy use. Large residen-
tial structures such as apartment buildings have heating, air conditioning
and lighting systems that are closer in size to commercial systems. Some
commercial audits will require an examination of specialized business
equipment that is substantially different from the equipment found in
residences.

Industrial auditors encounter the most complex equipment. Com-
mercial-scale lighting, heating, air conditioning and refrigeration, as well
as office business equipment, is generally used at most industrial facilities.
The major difference is in the highly specialized equipment used for the
industrial production processes. This can include equipment that is used
for such processes as chemical mixing and blending, metal plating and
treatment, welding, plastic injection molding, paper making and printing,
metal refining, electronic assembly, or making glass.

2.1.2 Tools for the Audit

To obtain the best information for a successful energy cost control
program, the auditor must make some measurements during the audit
visit. The amount of equipment needed depends on the type of energy-
consuming equipment used at the facility, and on the range of potential
EMOs that might be considered. For example, if waste heat recovery is
being considered, then the auditor must take substantial temperature
measurement data from potential heat sources. Tools commonly needed
for energy audits include the following;:

*  Tape measures—The most basic measuring device is the tape measure.
A 25-foot tape measure and a 100-foot tape measure are used to check
the dimensions of the walls, ceilings, doors, and windows, and the
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distances between pieces of equipment for purposes such as deter-
mining the length of a pipe for transferring waste heat from one piece
of equipment to another.

Lightmeter—A portable lightmeter that can fit into a pocket is extremely
useful. This instrument is used to measure illumination levels in facilities. A
lightmeter that reads in footcandles allows direct analysis of lighting systems
and comparison with recommended light levels specified by the Illuminating
Engineering Society [3]. Many areas in buildings and plants are still signifi-
cantly over-lighted, and measuring this excess illumination allows the audi-
tor to recommend a reduction in lighting levels through lamp removal pro-
grams or by replacing inefficient lamps with high efficiency lamps that may
supply slightly less illumination than the old inefficient lamps.

Thermometers—Several thermometers are generally needed to measure tem-
peratures in offices and other worker areas, and to measure the temperature
of operating equipment. Knowing process temperatures allows the auditor to
determine process equipment efficiencies, and also to identify waste heat
sources for potential heat recovery programs. Inexpensive electronic ther-
mometers with interchangeable probes are available to measure temperatures
in both these areas. Some common types include an immersion probe, a
surface temperature probe, and a radiation-shielded probe for measuring true
air temperature. Other types of infra-red thermometers and thermographic
equipment are also available. An infra-red “gun” can measure temperatures
of steam lines that are inaccessible without a ladder.

Voltmeter—A voltmeter is useful for determining operating voltages on elec-
trical equipment, and especially useful when the nameplate has worn off of a
piece of equipment or is otherwise unreadable or missing. The most versatile
instrument is a combined volt-ohm-ammeter with a clamp-on feature for
measuring currents in conductors that are easily accessible. This type of
multi-meter is convenient and relatively inexpensive.

Wattmeter/Power Factor Meter—A portable hand-held wattmeter and power
factor meter is very handy for determining the power consumption and
power factor of individual motors and other inductive devices, and the load
factors of motors. This meter typically has a clamp-on feature which allows an
easy and safe connection to the current-carrying conductor, and has probes
for voltage connections.

Combustion Analyzer—Combustion analyzers are portable devices which esti-
mate the combustion efficiency of furnaces, boilers, or other fossil fuel burn-
ing machines. Two types are available: digital analyzers and manual combus-
tion analysis kits. Digital combustion analysis equipment performs the mea-
surements and reads out combustion efficiency in percent. These instruments
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are fairly complex and expensive.

The manual combustion analysis kits typically require multiple measure-
ments including the temperature, oxygen content, and carbon dioxide content
of the exhaust stack. The efficiency of the combustion process can be calcu-
lated after determining these parameters. The manual process is lengthy and
frequently subject to human error.

e Ultrasonic Leak Detector—Ultrasonic compressed air leak detectors are elec-
tronic ultrasonic receivers that are tuned very precisely to the frequency of the
hissing sound of an air leak. These devices are reasonably priced, and are
extremely sensitive to the noise a small air leak makes. The detectors can
screen out background noise and pick up the sound of an air leak. All facilities
which use compressed air for applications beyond pneumatic controls should
have one of these devices, and should use it routinely to identify wasteful air
leaks.

When equipped with an optional probe attachment, ultrasonic receivers
can also be used to test steam traps. The sound pattern will allow a determina-
tion or whether the steam trap is functioning properly, or whether it is stuck
open or stuck shut. More expensive models of ultrasonic detectors have an
interface to a portable computer which can analyze the sound signal and
display a status of the steam trap.

e Airflow Measurement Devices—Measuring air flow from heating, air condition-
ing or ventilating ducts, or from other sources of air flow is one of the energy
auditor’s tasks. Airflow measurement devices can be used to identify prob-
lems with air flows, such as whether the combustion air flow into a gas heater
is correct. Typical airflow measuring devices include a velometer, an an-
emometer, or an airflow hood.

e Blower Door Attachment—Building or structure tightness can be measured
with a blower door attachment. This device is frequently used in residences
and in office buildings to determine the air leakage rate or the number of air
changes per hour in the facility. This often helps determine whether the
facility has substantial structural or duct leaks that need to be found and
sealed.

e Smoke Generator—A simple smoke generator can be used in residences, offices
and other buildings to find air infiltration and leakage around doors, win-
dows, ducts and other structural features. Care must be taken in using this
device, since the chemical “smoke” produced may be hazardous, and breath-
ing protection masks may be needed.

e Safety Equipment—The use of safety equipment is a vital precaution for any
energy auditor. A good pair of safety glasses is an absolute necessity for
almost any audit visit. Hearing protectors may also be required on audit visits
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to noisy plants or in areas where high horsepower motors are used to drive
fans and pumps. Electrically insulated gloves should be used if electrical
measurements will be taken, and asbestos gloves should be used for working
around boilers and heaters. Breathing protection masks may also be needed
when hazardous fumes are present from processes or materials used. Steel-
toe and steel-shank safety shoes may be needed on audits of plants where
heavy, hot, sharp or hazardous materials are being used.

2.1.3 Safety Considerations

Safety is a critical part of any energy audit. The auditor and the audit
team should have a basic knowledge of safety equipment and procedures.
Before starting the facility tour, the auditor or audit team should be
thoroughly briefed on any specialized safety equipment and procedures
for the facility. They should never place themselves in a position where
they could injure themselves or other people at the facility.

Adequate safety equipment should be worn at all appropriate times.
Auditors should be extremely careful making any measurements on elec-
trical systems, or on high temperature devices such as boilers, heaters,
cookers, etc. Electrical gloves or asbestos gloves should be worn as appro-
priate. If a trained electrician is available at the facility, he should be asked
to make any electrical measurements.

The auditor should be cautious when examining any operating piece
of equipment, especially those with open drive shafts, belts, gears, or any
form of rotating machinery. The equipment operator or supervisor should
be notified that the auditor is going to look at that piece of equipment and
might need to get information from some part of the device. If necessary,
the auditor may need to return when the machine or device is idle in order
to get the data safely. The auditor should never approach a piece of
equipment and inspect it without notifying the operator or supervisor first.

Safety Checklist
Electrical: * Avoid working on live circuits, if possible.
e Securely lock circuits and switches in the off position
before working on a piece of equipment.
e Always keep one hand in your pocket while making
measurements on live circuits to help prevent acciden-
tal electrical shocks.

Respiratory: ® When necessary, wear a full face respirator mask with
adequate filtration particle size.
e Use activated carbon cartridges in the mask when
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working around low concentrations of noxious gases.
Change the cartridges on a regular basis.

e Use a self-contained breathing apparatus for work in
toxic environments.

Hearing: e Use foam insert plugs while working around loud ma-
chinery to reduce sound levels by nearly 30 decibels.

2.2 PHASE TWO—THE FACILITY INSPECTION

Once all of the basic data has been collected and analyzed, the audit
team should tour the entire facility to examine the operational patterns
and equipment usage, and should collect detailed data on the facility itself
as well as on all energy using equipment. This facility inspection should
systematically examine the nine major systems within a facility, using
portable instrumentation and common sense guided by an anticipation of
what can go wrong. These systems are: the building envelope; the boiler
and steam distribution system; the heating, ventilating, and air condition-
ing system; the electrical supply system; the lighting system, including all
lights, windows, and adjacent surfaces; the hot water distribution system;
the compressed air distribution system; the motors; and the manufactur-
ing system. Together, these systems account for all the energy used in any
facility; examining all of them is a necessary step toward understanding
and managing energy utilization within the facility. We briefly describe
these systems later in this chapter; we also cover most of them in detail in
separate chapters.

The facility inspection can often provide valuable information on
ways to reduce energy use at no cost or at a low cost. Actually, several
inspections should be made at different times and on different days to
discover if lights or other equipment are left on unnecessarily, or to target
process waste streams that should be eliminated or minimized.* These
inspections can also help identify maintenance tasks that could reduce

*Two preliminary energy inspections are sometimes performed to make sure that the full-
blown audit will be worthwhile. The first is done under usual working conditions and is
aimed at uncovering practices that are consistently expensive or wasteful. The second (the 2
a.m. survey) is done at midnight or later when energy consumption should be at a minimum.
The objective of this second inspection is to find lights that are left on for no reason, motors
that are running but not being used, rooms that are warm but not warming people, air being
cooled unnecessarily, and air and steam leaks that might not be detected under the noise
conditions of daily operations.
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energy use. Broken windows should be fixed, holes and cracks should be
filled, lights should be cleaned, and HVAC filters should be cleaned or
replaced.

The facility inspection is an important part of the overall audit
process. Data gathered on this tour, together with an extensive analysis of
this data will result in an audit report that includes a complete description
of the time-varying energy consumption patterns of the facility, a list of
each piece of equipment that affects the energy consumption together
with an assessment of its condition, a chronology of normal operating and
maintenance practices, and a list of recommended energy management
ideas for possible implementation.

2.2.1 Introductory Meeting

The audit leader should start the audit by meeting with the facility
manager and the maintenance supervisor. He should briefly explain the
purpose of the audit and indicate the kind of information the team needs
to obtain during the facility tour. If possible, a facility employee who is in
a position to authorize expenditures or make operating policy decisions
should be at this initial meeting.

2.2.2 Audit Interviews

Getting the correct information on facility equipment and operation
is important if the audit is going to be most successful in identifying ways
to save money on energy bills. The company philosophy towards invest-
ments, the impetus behind requesting the audit, and the expectations
from the audit can be determined by interviewing the general manager,
chief operating officer, or other executives. The facility manager or plant
manager should have access to much of the operational data on the
facility, and a file of data on facility equipment. The finance officer can
provide any necessary financial records, such as utility bills for electric,
gas, oil, other fuels, water and wastewater, expenditures for maintenance
and repair, etc.

The auditor must also interview the floor supervisors and equip-
ment operators to understand the building and process problems. Line or
area supervisors usually have the best information on the times their
equipment is used. The maintenance supervisor is often the primary
person to talk to about types of lighting and lamps, sizes of motors, sizes
of air conditioners and space heaters, and electrical loads of specialized
process equipment. Finally, the maintenance staff must be interviewed to
find the equipment and performance problems.
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The auditor should write down these people’s names, job functions
and telephone numbers, since additional information is often needed after
the initial audit visit.

2.2.3 Initial Walk-through Tour

An initial facility/plant tour should be conducted by the facility/
plant manager, and should allow the auditor or audit team to see the
major operational and equipment features of the facility. The main pur-
pose of the initial tour is to obtain general information, and to obtain a
general understanding of the facility’s operation. More specific informa-
tion should be obtained from the maintenance and operational people
during a second, and more detailed data collection tour.

2.2.4 Gathering Detailed Data

Following the initial facility or plant tour, the auditor or audit team
should acquire the detailed data on facility equipment and operation that
will lead to identifying the significant Energy Management Opportunities
(EMOs) that may be appropriate for this facility. This data is gathered by
examining the nine major energy-using systems in the facility.

As each of these systems are examined, the following questions
should be asked:

What function(s) does this system serve?

How does this system serve its function(s)?

What is the energy consumption of this system?

What are the indications that this system is probably working?

If this system is not working, how can it be restored to good working
condition?

How can the energy cost of this system be reduced?

How should this system be maintained?

8. Who has direct responsibility for maintaining and improving the
operation and energy efficiency of this system?

AR

N

As each system is inspected, this data should be recorded on indi-
vidualized data sheets that have been prepared in advance. Manual entry
data forms for handling this energy data are available from several
sources, including the energy management handbook from the National
Electrical Manufacturers Association [4]. Some energy analysis proce-
dures in current use are computer-based, and data is entered directly into
the computer.
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2.2.5.1 The building envelope.
The building envelope includes all building components that are

directly exposed to the outside environment. Its main function is to pro-
tect employees and materials from outside weather conditions and tem-
perature variations; in addition, it provides privacy for the business and
can serve other psychological functions. The components of the building
envelope are outside doors, windows, and walls; the roof; and, in some
cases, the floor. The heating and cooling loads for the building envelope
are discussed in Chapter Six on the HVAC system.

As you examine the building envelope, you should record informa-
tion on the insulation levels in the various parts of the facility, the condi-
tion of the roof and walls, the location and size of any leaks or holes, and
the location and size of any door or windows that open from conditioned
to unconditioned space. Insulation is discussed in Chapter Eleven. Figure
2-4 shows a sample data form for the building envelope.

System: Envelope

Maintenance  Est. air gap

Component Location condition (total)
Door North side Poor 0.2 ft2
South OK 0.05 ft2
Gymnasium Good None
Windows North Some broken 2.2 ft2
East OK None
Roof Main building  No insulation

Figure 2-4. Completed inspection form for building envelope.

2.2.5.2 The boiler and steam distribution system.
A boiler burns fuel to produce heat that converts water into steam,

and the steam distribution system takes the steam from the boiler to the
point of use. Boilers consume much of the fuel used in many production
facilities. The boiler is thus the first place to look when attempting to
reduce natural gas or oil consumption. The steam distribution system is
also a very important place to look for energy savings, since every pound
of steam lost is another pound of steam that the boiler must produce. A
detailed description of boilers and the steam distribution system, includ-
ing operating and maintenance recommendations, is covered in Chapters
7 and 8.
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2.2.5.3 The heating, ventilating, and air conditioning system.
All heating, air conditioning and ventilation (HVAC) equipment should

be inventoried. Prepared data sheets can be used to record type, size,
model numbers, age, electrical specifications or fuel use specifications,
and estimated hours of operation. The equipment should be inspected to
determine the condition of the evaporator and condenser coils, the air
filters, and the insulation on the refrigerant lines. Air velocity measure-
ments may also be made and recorded to assess operating efficiencies or
to discover conditioned air leaks. This data will allow later analysis to
examine alternative equipment and operations that would reduce energy
costs for heating, ventilating, and air conditioning. The HVAC system is
discussed in detail in Chapter Six.

2.2.5.4 The electrical supply system.
This system consists of transformers, wiring, switches, and fuses—

all the components needed to enable electricity to move from the utility-
owned wires at the facility boundary to its point of use within the com-
pany. By our definition, this supply system does not include lights, mo-
tors, or electrical controls. Most energy problems associated with the
distribution of electricity are also safety problems, and solving the energy
problems helps to solve the safety-related problems.

Electricity from a utility enters a facility at a service transformer. The
area around the transformer should be dry, the transformer fins should be
free from leaves and debris so that they can perform their cooling func-
tion, and the transformer should not be leaking oil. If a transformer fails to
meet any one of these conditions there is a serious problem which should
justify a call to the local electrical utility, or, if the transformer is company-
owned, to the person or department in charge of maintaining the electrical
system.

A more detailed audit of transformers should also include drawing a
small (1-pint) sample of transformer dielectric fluid and examining it both
visually and for dielectric strength. If the fluid is brown, the dielectric has
been contaminated by acid; if it is cloudy, it is contaminated with water.
The dielectric strength should be 20,000 v/cm or equivalent. Both the
color and the dielectric strength should be recorded for comparison
against future readings.

In examining transformers, also check to see whether any company-
owned transformer is serving an area that is not currently used. A trans-
former that is connected to the utility lines but not supplying power to the
facility is wasting two to four percent of its rated capacity in core losses.
These losses can be avoided by disconnecting the transformer or by in-
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stalling switching between the transformer and the electrical lines from
the utility.*

A person performing an energy audit should examine the electrical
supply panels and switch boxes. Danger signs and symptoms of wasted
energy include signs of arcing such as burned spots on contacts, burned
insulation, arcing sounds, and frayed wire. Other concerns are warm
spots around fuse boxes and switches and the smell of warm insulation.
Any of these symptoms can indicate a fire hazard and should be checked
in more detail immediately. Safety considerations are paramount when
inspecting live electrical systems.

2.2.5.5 Lights, windows, and reflective surfaces.
The functions of this system are to provide sufficient light for neces-

sary work, to enable people to see where they are going, to assist in
building and area security at night, to illuminate advertising, and to
provide decoration. Making a detailed inventory of all lighting systems is
important. Data should be recorded on numbers of each type of light
fixture and lamp, the wattages of the lamps, and the hours of operation of
each group of lights. A lighting inventory data sheet should be used to
record this data. See Figure 2-5 for a sample lighting data sheet. Lighting is
discussed in detail in Chapter 5. Windows and reflective surfaces are
discussed in Chapter Six on the HVAC System and in Chapter Thirteen on
Renewable Energy Sources.

2.2.5.6 The hot water distribution system

The hot water system distributes hot water for washing, for use in
industrial cleaning, and for use in kitchens. Its main components are hot
water heaters, storage tanks, piping, and faucets. Electric boilers and
radiators are also found in some facilities. Boilers and the hot water
distribution system are discussed in Chapter Eight.

All water heaters should be examined, and data recorded on their
type, size, age, model number, electrical characteristics or fuel use. What
the hot water is used for, how much is used, and what time it is used
should all be noted. The temperature of the hot water should be measured
and recorded.

2.2.5.7 Air compressors and the air distribution system.
Air compressors and the air distribution system provide motive power
for tools and some machinery, and often provide air to operate the heat-

*Personal communication from Mr. Bryan Drennan, Customer Services, Utah Power and
Light Company, Salt Lake City, Utah.
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Figure 2-5. Data collection form for lighting system.
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ing, ventilating, and air conditioning system. If you use compressed air to
run equipment, look for leaks and for places where compressed air is
purposely allowed to vent into the air. Such leaks can be expensive.

2.2.5.8 Motors

Electric motors account for between two-thirds and three-fourths of
all the electric energy used by industry and about two-fifths of all electric
energy use by commercial facilities. Replacement of existing motors with
more efficient models is usually cost effective for applications where the
motor is heavily used. Motors and drives are discussed in Chapter Twelve
on Process Energy Improvements.

All electric motors over 1 horsepower should be inventoried. Pre-
pared data sheets can be used to record motor size, use, age, model
number, estimated hours of operation, other electrical characteristics, and
possibly the full load power factor. Measurement of voltages, currents,
power factors, and load factors may be appropriate for larger motors.
Notes should be taken on the use of motors, particularly recording those
that are infrequently used and might be candidates for peak load control
or shifting use to off-peak times. All motors over 1 hp and with times of
use of 2000 hours per year or greater, are likely candidates for replacement
by high-efficiency motors—at least when they fail and must be replaced. It
should be noted that few motors run at full load. Typical motor load
factors are around 40-60%.

2.2.5.9 Manufacturing processes
Each manufacturing process has opportunities for energy manage-

ment, and each offers ways for the unwary to create operating problems in
the name of energy management. The best way to avoid such operating
problems is to include operating personnel in the energy audit process
(see Section 2.2.2) and to avoid rigid insistence on energy conservation as
the most important goal.

The generic industrial processes that use the most energy are com-
bustion for process steam and self-generated electricity, electrolytic pro-
cesses, chemical reactors, combustion for direct heat in furnaces and kilns,
and direct motor drive. Process energy efficiency improvement is dis-
cussed in Chapter Twelve.

Any other equipment that consumes a substantial amount of energy
should be inventoried and examined. Commercial facilities may have
extensive computer and copying equipment, refrigeration and cooling
equipment, cooking devices, printing equipment, water heaters, etc. In-
dustrial facilities will have many highly specialized process and produc-
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tion operations and machines. Data on types, sizes, capacities, fuel use,
electrical characteristics, age, and operating hours should be recorded for
all of this equipment.

2.2.6 Preliminary Identification of
Energy Management Opportunities

As the audit is being conducted, the auditor should take notes on
potential EMOs that are evident. As a general rule, the greatest effort
should be devoted to analyzing and implementing the EMOs which show
the greatest savings, and the least effort to those with the smallest savings
potential. Therefore, the largest energy and cost activities should be exam-
ined carefully to see where savings could be achieved.

Identifying EMOs requires a good knowledge of the available en-
ergy efficiency technologies that can accomplish the same job with less
energy and less cost. For example, over-lighting indicates a potential lamp
removal or lamp change EMO, and inefficient lamps indicate a potential
lamp technology change. Motors with high use times are potential EMOs
for high efficiency replacements. Notes on waste heat sources should
indicate what other heating sources they might replace, and how far away
they are from the end use point. Identifying any potential EMOs during
the walk-through will make it easier later on to analyze the data and to
determine the final EMO recommendations.

2.2.7 The Energy Audit Report

The next step in the energy audit process is to prepare a report which
details the final results of the energy analyses and provides energy cost
saving recommendations. The length and detail of this report will vary
depending on the type of facility audited. A residential audit may resultin
a computer printout from the utility. An industrial audit is more likely to
have a detailed explanation of the EMOs and benefit-cost analyses. The
following discussion covers the more detailed audit reports.

The report should begin with an executive summary that provides
the owners/managers of the audited facility with a brief synopsis of the
total savings available and the highlights of each EMO. The report should
then describe the facility that has been audited, and provide information
on the operation of the facility that relates to its energy costs. The energy
bills should be presented, with tables and plots showing the costs and
consumption. Following the energy cost analysis, the recommended
EMOs should be presented, along with the calculations for the costs and
benefits, and the cost-effectiveness criterion.

Regardless of the audience for the audit report, it should be written
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in a clear, concise and easy-to understand format and style. An executive
summary should be tailored to non-technical personnel, and technical
jargon should be minimized. The reader who understands the report is
more likely to implement the recommended EMOs. An outline for a
complete energy audit report is shown in Figure 2-6 below. See reference
[5] for a suggested approach to writing energy audit reports.

Energy Audit Report Format

Executive Summary
A brief summary of the recommendations and cost savings

Table of Contents

Introduction
Purpose of the energy audit
Need for a continuing energy cost control program

Facility Description
Product or service, and materials flow
Size, construction, facility layout, and hours of operation
Equipment list, with specifications

Energy Bill Analysis
Utility rate structures
Tables and graphs of energy consumptions and costs
Discussion of energy costs and energy bills

Energy Management Opportunities
Listing of potential EMOs
Cost and savings analysis
Economic evaluation

Energy Action Plan
Recommended EMOs and an implementation schedule

Designation of an energy monitor and ongoing program

Conclusion
Additional comments not otherwise covered

Figure 2-6. Outline of Energy Audit Report
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2.2.8 The Energy Action Plan

An important part of the energy audit report is the recommended
action plan for the facility. Some companies will have an energy audit
conducted by their electric utility or by an independent consulting firm,
and will then make changes to reduce their energy bills. They may not
spend any further effort in the energy cost control area until several years
in the future when another energy audit is conducted. In contrast to this is
the company which establishes a permanent energy cost control program,
and assigns one person—or a team of people—to continually monitor and
improve the energy efficiency and energy productivity of the company.
Similar to a Total Quality Management program where a company seeks
to continually improve the quality of its products, services and operation,
an energy cost control program seeks continual improvement in the
amount of product produced for a given expenditure for energy.

The energy action plan lists the EMOs which should be imple-
mented first, and suggests an overall implementation schedule. Often, one
or more of the recommended EMOs provides an immediate or very short
payback period, so savings from that EMO—or those EMOs—can be used
to generate capital to pay for implementing the other EMOs. In addition,
the action plan also suggests that a company designate one person as the
energy monitor or energy manager for the facility if it has not already
done so. This person can look at the monthly energy bills and see whether
any unusual costs are occurring, and can verify that the energy savings
from EMOs is really being seen. Finally, this person can continue to look
for other ways the company can save on energy costs, and can be seen as
evidence that the company is interested in a future program of energy cost
control.

2.3 IMPLEMENTING THE AUDIT RECOMMENDATIONS

After the energy consumption data has been collected and analyzed,
the energy-related systems have been carefully examined, the ideas for
improvement have been collected, and management commitment has
been obtained, the next steps are to obtain company support for the
program, to choose goals, and to initiate action.

2.3.1 The Energy Action Team

Now that the preliminary audits have uncovered some energy man-
agement measures that can save significant amounts of money or can
substantially improve production, funding for the changes and employee
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support are two additional critical ingredients for success. These can best
be obtained with the help of a committee, preferably called something like
the energy action team. The functions of this committee are given in Table
2-1.

Table 2-1. Functions of the Energy Action Committee

Create support within the company for energy management.
Generate new ideas.

Evaluate suggestions

Set goals.

Implement the most promising ideas.

MRS

No program will work within a company without employee sup-
port, particularly such a program as energy management which seems to
promise employee discomfort at no visible increase in production. There-
fore, one function of the energy action committee is to give representation
to every important political group within the company. For this purpose,
the committee must include people from unions, management, and every
major group that could hinder the implementation of an energy manage-
ment plan. The committee must also include at least one person with
financial knowledge of the company, a person in charge of the daily
operation of the facility, and line personnel in each area of the facility that
will be affected by energy management. In a hospital, for example, the
committee would have to include a registered nurse, a physician, some-
one from hospital administration, and at least one person directly in-
volved in the operation of the building. In a university, the committee
should include a budget officer, at least one department chairperson, a
faculty member, a senior secretary, someone from buildings and grounds,
and one or more students.

In addition to providing representation, a broadly based committee
provides a forum for the evaluation of suggestions. The committee should
decide on evaluation criteria as soon as possible after it is organized.
These criteria should include first cost, estimated payback period or (for
projects with a payback period longer than 2 years) the constant-dollar
return on investment (see Chapter 4), the effects on production, the effects
on acceptance of the entire program, and any mitigating effect on prob-
lems of energy curtailment.

The committee has the additional duty to be a source of ideas. These
ideas can be stimulated by the detailed energy audit which clearly shows
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problems and areas for improvement. The energy manager should be
aware, however, that most maintenance personnel become quickly defen-
sive and that their cooperation, and hopefully their support, may be
important. The specific tasks of this committee are to set goals, implement
changes, and monitor results.

2.3.1.1 Goals

At least three different kinds of goals can be identified. First, perfor-
mance goals, such as a reduction of 10 percent in Btu/unit product, can be
chosen. Such goals should be modest at first so that they can be accom-
plished—in general, 10-30 percent reduction in energy usage for compa-
nies with little energy management experience and 8-15 percent for com-
panies with more. These goals can be accompanied by goals for the reduc-
tion of projected energy costs by a similar amount. The more experienced
the company is in energy management, the fewer easy saving possibilities
exist; thus lower goals are more realistic in that case.

A second type of goal that can be established is an accounting goal.
The ultimate objective in an energy accounting system is to be able to
allocate the cost of energy to a product in the same way that other direct
costs are allocated, and this objective guides the establishment of prelimi-
nary energy accounting goals. A preliminary goal would therefore be to
determine the amount of electricity and the contribution to the electrical
peak from each of the major departments within the company. This will
probably require some additional metering, but the authors have found
that such metering pays for itself in energy saving (induced by a better
knowledge of the energy consumption patterns) in six months or less.

The third type of goal is that of employee participation. Even if an
energy management program has the backing of the management, it will
still fail without the support and participation of the employees. Ways to
measure this include the number of suggestions per month; the dollar
value of improvements adopted as a result of employee suggestions, per
month; and the number of lights left on or machines left running unneces-
sarily, on a spot inspection. Work sampling has been used to estimate the
percentage of time that people are working at various tasks—it can be
used equally well on machines.

2.3.1.2 Implementing Recommendations
In addition to providing and evaluating ideas, setting goals, and

establishing employee support, the energy action committee has the duty
of implementing the most promising ideas that have emerged from the
energy evaluation process. Members of the committee have the responsi-
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bility to see that people are assigned to each project, that timetables are
established, that money is assigned, and that progress reporting proce-
dures are set up and followed. It is then the committee responsibility to
follow up on the progress of each project; this monitoring process is
described in detail in the next section.

2.3.1.3 Monitoring
Energy management is not complete without monitoring and its

associated feedback, and neither is the energy audit process. In an energy
audit, monitoring discloses what measures contributed toward the com-
pany goals, what measures were counterproductive, and whether the
goals themselves were too low or too high.

Monitoring consists of collecting and interpreting data. The data to
collect are defined by the objectives chosen by the energy action commit-
tee. At the very least, the electrical and gas bills and those of other relevant
energy sources must be examined and their data graphed each month.
Monthly graphs should include: the total energy used of each type (kWh
of electricity, therms [10° Btu] of gas, etc.); the peaks, if they determine
part of the cost of electricity or gas; and any other factors that contribute to
the bills. At the same time, other output-related measures, such as Btu/
ton, should also be calculated, recorded, and graphed.

The monitoring data should provide direct feedback to those most
able to implement the changes. Often this requires that recording instru-
ments be installed in a number of departments in addition to the meters
required by the utility company. The additional expense is justified by
increased employee awareness of the timing and amounts of energy con-
sumed, and usually this awareness leads to a reduction in energy costs.
Metering at each department also enables management to determine
where the energy is consumed and, possibly, what is causing the energy
consumption. Such metering also helps each department manager to un-
derstand and control the consumption of his or her own department.

Monitoring should result in more action. Find what is good, and
copy it elsewhere. Find what is bad, and avoid it elsewhere. If the goals
are too high, lower them. If the goals are too low, raise them. Wherever the
difference between the planned objectives and the achievements is great,
initiate an analysis to determine the reasons and then develop new objec-
tives, initiate new action, and monitor the new results. In this way, the
analysis, action, and monitoring process repeats itself.
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24 SUMMARY

In this chapter, we have explained the mechanics of performing and
implementing the energy audit as well as the reasoning behind the energy
audit process. The energy audit process should be a dynamic feedback
loop. The process starts with the analysis of past data. Then each energy
system is examined for savings potential. Recommendations for energy
cost saving actions are made and an energy action committee is formed.
Next, attractive energy cost savings projects are implemented. The last
step is the monitoring program which necessarily leads back to the first
step of analysis, thus renewing the cycle.
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Chapter 3
Understanding Energy Bills

3.0 INTRODUCTION

Although temporary increases in energy supplies may cause short-
term rate decreases or rate stability, the long-term prospect is for energy
costs to continue to increase. This is particularly true in the case of electric
power where the costs are associated as much with the cost of building the
new generation facilities as with the cost of producing the electricity. The
impact of an increase in energy costs can be easily seen by examining the
rate schedules for the various fuel sources, yet few managers take the time
to peruse and understand their utility’s billing procedures.

Why? The reasons are many, but the main ones seem to be the
following:

* Rate schedules are sometimes very complicated. They are difficult to
understand, and the explanations developed by state utility regula-
tory boards and by the utilities themselves often confuse the customer
rather than clarify the bill.

e Energy is too often treated as an overhead item. Even though energy
is frequently a substantial component of a product’s cost, the cost of
the energy is almost always included as an overhead item rather than
a direct cost. This makes the energy cost more difficult to account for
and control. Consequently, management does not give energy costs
the attention they deserve.

This must change and, in fact, is changing. More and more managers are
trying to understand their rate schedules, and sometimes they even par-
ticipate in utility rate increase hearings.

Managers should know what electric rate schedule they are under
and how much they are charged for the various components of their
electric bill: demand, consumption, power factor, sales tax, etc. They
should also know the details of their other energy rate structures. This
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chapter covers rate schedules for the major energy sources utilized in this
country. While the majority of the discussion focuses on electricity, atten-
tion is also given to gas, fuel oil, coal, and steam/ chilled water.

3.1 ELECTRIC RATE STRUCTURES

3.1.1 Utility Costs

Perhaps the best way to understand electric utility billing is to exam-
ine the costs faced by the utility. The major utility cost categories are the
following:

e Physical Plant. This is often the single biggest cost category. Because
electric power plants have become larger and more technologically
sophisticated with more pollution control requirements, the cost of
building and operating an electric power generation facility continues
to increase. Furthermore, the utility is required to have sufficient
capacity to supply the peak needs of its customers while maintaining
some equipment in reserve in case of equipment failures. Otherwise
brownouts or even blackouts may occur. This added capacity can be
provided with expensive new generating facilities. Alternatively, in-
stead of building new facilities, many utilities are urging their cus-
tomers to reduce their peak demand so that the existing facilities will
provide sufficient capacity.

e Transmission lines. Another major cost category is the cost of transmis-
sion lines to carry the electricity from where it is produced to the
general area where it is needed. Electricity is transmitted at relatively
high voltages—often 500 to 1,000 kilovolts—to minimize resistance
(I2R) losses. This loss can be large or small depending on the transmis-
sion distances involved.

®  Substations. Once the electricity reaches the general area where it is
needed, the voltages must be reduced to the lower levels which can be
safely distributed to customers. This is done with step-down trans-
formers at substations. A few customers may receive voltage at trans-
mission levels, but the vast majority do not.

e Distribution systems. After the voltage is reduced at a substation, the
electricity is delivered to the individual customers through a local
distribution system typically at a voltage level around 12 kilovolts.
Most residential customers are supplied electricity at 120 and 240
volts, single-phase. In addition to these two voltages, commercial
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customers often take 230-volt, three-phase service. Some larger cus-
tomers must also have 480-volt, three-phase service in order to power
their large motors, ovens, and process equipment. The desired volt-
ages are provided through the use of appropriate step-down trans-
formers at the customer’s specific location. Components of the distri-
bution system which contribute to the utility’s costs include utility
poles, lines, transformers, and capacitors.

e Meters. Meters form the interface between the utility company and
customer. Although the meter costs are relatively small, they are
considered a separate item by the utility and are usually included in
the part of the bill called the customer charge. The cost of a meter can
range from under $50 for a residential customer to $1500 or more for
an industrial customer requiring information on consumption, de-
mand and power factor.

o Administrative. Administrative costs include salaries for executives,
middle management, technical and office staff, as well as for mainte-
nance staff. Office space and office equipment, taxes, insurance, and
maintenance equipment and vehicles are also part of the administra-
tive costs.

* Energy. Once the generation, transmission and distribution systems
are in place, some form of primary energy must be purchased to fuel
the boilers and generate the electricity. In the case of hydroelectric
plants, the turbine generators are run by water power and the pri-
mary energy costs are small. Fossil fuel electric plants have experi-
enced dramatic fluctuations in fuel costs depending on how national
and world events alter the availability of oil, gas, and coal. The cost of
fuel for nuclear power plants is reasonable, but the costs of disposing
of the radioactive spent fuel rods, while still unknown, are expected to
be relatively large.

e Interest on debt. This cost category can be quite large. For example, the
interest on debt for a large power plant costing $500 million to $1
billion is substantial. Utilities commonly sell bonds to generate capi-
tal, and these bonds represent debt that the company must pay inter-
est on.

* Profit. Finally the utility must generate enough additional revenue
above costs to provide a reasonable profit to stockholders. The profit
level for private utility companies is determined by the state utility
regulatory commission and is called the rate of return. Public-owned
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utilities such as municipal utilities or rural electric cooperatives usu-
ally set their own rates and their profit goes back to their customers in
the form of reduced municipal taxes or customer rebates.

Once you understand what costs contribute to an electric bill, the
next step is to learn how these costs are allocated to the various customers.
The billing procedure, also called the rate schedule, should be designed to
reflect the true costs of generating the electric power. If the customers
understand the problems faced by the utilities, they can help the utilities
minimize these costs. Recent rate schedules and proposed new ones cap-
ture the true costs of generation much better than has been done in the
past, but more changes are still needed.

3.1.2 Regulatory Agencies

Private electric and gas utilities are chartered and regulated by indi-
vidual states, and are also subject to some federal regulation. The state
utility regulatory agencies are most often called Public Utility Commis-
sions or Public Service Commissions. Private utilities are called Investor
Owned Utilities (IOUs), and their retail rates for residential, commercial
and industrial customers are subject to review and approval by the state
utility regulatory agencies.

Utility rates are set in two steps: first, the revenue requirements to
cover costs plus profit is determined; second, rates are designed and set to
recover these costs or revenue requirements [1]. The state regulatory
agencies set a rate of return for utilities. The rate of return is the level of
profit a utility is allowed to make on its investment in producing and
selling energy. In developing rates, the costs of serving different classes of
customers must be determined and allocated to the customer classes.
Rates are then structured to recover these costs from the appropriate
customer class. Such rate designs are called cost-based rates. Often, these
costs are average, or embedded costs, and do not consider the marginal costs
associated with providing electricity at different times of the day and
different seasons of the year. Rate design is subject to many competing
viewpoints, and there are many different objectives possible in rate set-
ting.

When an IOU requests a rate increase, the state regulatory agency
holds a public hearing to review the proposed rate increase, and to take
testimony from the utility staff, consulting engineers, customers and the
public atlarge. The utility presents its case for why it needs a rate increase,
and explains what its additional costs are. If these costs are judged “pru-
dent” by the state regulatory agency and approved, the utility is allowed
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to recover the costs, plus adding some of that cost to its rate base—which
is the accumulated capital cost of facilities purchased or installed to serve
the customers and on which the utility can earn its rate of return.

Many large utility customers participate actively in the rate hearings
for their utility. Some state regulatory agencies are very interested in
comments from utility customers regarding quality of service, reliability,
lengths of outages, and other utility service factors. State regulatory agen-
cies vary greatly in their attitude toward utility rate increases. Some states
favor the utilities and consider their interests to be first priority, while
other states consider the interests of the customers and the public as
paramount.

Two other major categories of utilities exist: public or municipal utili-
ties owned and operated by cities and local government entities; and Rural
Electric Cooperatives (RECs) established under the Rural Electrification
Administration and operated by customer Boards of Directors. State regu-
latory agencies generally do not exercise the same degree of control over
public utilities and RECs, since these utilities have citizens and customers
controlling the rates and making the operating decisions, whereas the
IOUs have stockholders making those decisions. Municipals and RECs
also hold public hearings or public meetings whenever rate increases are
contemplated. Customers who have an interest in participating in these
meetings are usually encouraged to do so.

Interstate transactions involving the wholesale sale or purchase of
electricity between utilities in different states are subject to regulation by
the Federal Energy Regulatory Commission (FERC) in Washington, DC.
FERC also regulates the designation of some cogenerators and renewable
electric energy suppliers as Qualifying Facilities (QFs) or Small Power
Producers (SPPs). Few retail customers outside of those engaged in self-
generation would have any reason to participate in the regulatory process
at this level. FERC also licenses non-federal hydroelectric facilities.

3.1.3 Customer Classes and Rate Schedules

An electric utility must serve several classes of customers. These
classes vary in complexity of energy use, amount of consumption, and
priority of need. The typical customer class categories are residential,
commercial and industrial. Some utilities combine commercial and indus-
trial customers into one class while other utilities divide the industrial
class into heavy industrial and light industrial customers.

The state regulatory agencies and utilities develop different rate
schedules for each customer class. Electric rate structures vary greatly
from utility to utility, but they all have a series of common features. The
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most common components of rate schedules are described below, but not
all of these components are included in the rate schedule for every cus-
tomer class.

e Administrative/Customer Charge: This fee covers the utility’s fixed cost
of serving the customer including such costs as providing a meter,
reading the meter, sending a bill, etc. This charge is a flat monthly fee
per customer regardless of the number of kWh of electricity con-
sumed.

e Energy charge: This charge covers the actual amount of electricity
consumed measured in kilowatt-hours. The energy charge is based on
an average cost, or base rate, for the fuel (natural gas, fuel oil, coal,
etc.) consumed to produce each kWh of electricity. The energy charge
also includes a charge for the utility’s operating and maintenance
expenses.

Many utilities charge a constant rate for all energy used, and this is
called a flat rate structure. A declining block approach may also be used.
A declining block schedule charges one price for the first block of
energy (kWh) used and less for the next increment(s) of energy as
more energy is used. Another approach is the increasing block rate
where more is charged per increment as the consumption level in-
creases. Although this approach would tend to discourage electric
energy waste, it does not meet the cost-based rate criterion and is
therefore not widely used.

®  Fuel cost adjustment: If the utility has to pay more than its expected cost
for primary fuel, the increased cost is “passed on” to the customer
through use of a prescribed formula for a fuel adjustment cost. In
times of rapidly increasing fuel prices, the fuel adjustment cost can be
a substantial proportion of the bill. This concept was adopted when
fuel costs were escalating faster than utility commissions could grant
rate increases. However, utilities can also use the fuel adjustment cost
to reduce rates when fuel costs are lower than the cost included in the
base rate.

*  Demand charge: The demand charge is used to allocate the cost of the
capital facilities which provide the electric service. The demand
charge may be “hidden” in the energy charge or it may be a separate
charge; for example it may be expressed as $6.25 per kW per month
for all kW above 10 kW. For large customers, the demand charge is
generally based on their kilowatt demand load. For smaller users such
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as residential and small commercial customers this charge is usually
averaged into the energy charge. The demand charge is explained in
more detail in Section 3.1.6.2.

Understanding the difference between electric demand, or power in
kilowatts (kW), and electric energy, or consumption in kilowatt-hours
(kWh), will help you understand how electric bills are computed. A
helpful analogy is to think of an automobile where the speedometer
measures the rate of travel in miles per hour, and the odometer
measures the total miles traveled. In this instance, speed is analogous
to electric power, and miles traveled is analogous to total energy
consumed. In analytical terms, power is the rate of use of electric energy,
and conversely, energy is the time integral of the power. Finally, the value
of the power or demand a utility uses to compute an electric bill is
obtained from a peak power measurement that is averaged over a
short period of time. Typical averaging times used by various electric
utilities are 15 minutes, 30 minutes and one hour. The averaging time
prevents unreasonable charges from occurring because of very short,
transient peaks in power consumption. Demand is measured by a
demand meter.

e Demand ratchet: An industrial or commercial rate structure may also
have a demand ratchet component. This component allows the utility
to adequately charge a customer for creating a large kilowatt demand
in only a few months of the year. Under the demand ratchet, a cus-
tomer will not necessarily be charged for the actual demand for a
given month. Instead the customer will be charged a percentage of the
largest kW value during the last 11 months, or the current month’s
demand, whichever is higher.

e Power factor: If a large customer has a poor power factor, the utility
may impose another charge, assessed as a function of that power
factor. Power factor is discussed in detail in section 3.1.6.4.

All of these factors are considered when a utility sets its base rates—
the rates the utility must charge to recover its general cost of doing
business. The term “base rates” should not be confused with the term
“rate base” which was previously defined. The base rates contain an
energy charge that is estimated to cover the average cost of fuel in the
future. The fuel adjustment charge keeps the utility from losing money
when the price of their purchased primary fuel is higher than was esti-
mated in their base rates.
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Figure 3-1 presents a generalized breakdown of these rate compo-
nents by customer class.

In addition, there are also a number of other features of electric rates
incorporated in the rate structure which includes the relationship and form
of prices within particular customer classes. The rate structure is set to
maintain equity between and within customer classes, ensuring that there
is no discrimination against or preferential treatment of any particular
customer group. Some of the factors considered in the rate structure are:
season of use; time of use; quantity of energy used—and whether in-
creased consumption is encouraged, discouraged, or considered neutral;
and social aspects such as the desire for a “lifeline” rate for low-income or
elderly customers. A number of these factors are illustrated in the descrip-
tion of the specific rate structures shown in examples for particular cus-
tomer classes.

3.1.4 Residential Rate Schedules

As shown in Figure 3-1, there are many residential users, but each is
a relatively small consumer. A typical residential bill includes an adminis-
trative / customer charge, an energy charge which is large enough to cover
both the actual energy charge and an implicit demand charge, and a fuel
adjustment charge. Residential rates do not usually include an explicit
demand charge because the individual demand is relatively inconsequen-
tial and expensive to meter.

3.1.4.1 Standard residential rate schedule
Figure 3-2 presents a typical monthly rate schedule for a residential
customer.

3.1.4.2 Low-use residential rate schedule

A typical low-use residential service rate is shown in Figure 3-3. This
schedule, which is an attempt to meet the needs of those on fixed incomes,
is used for customers whose monthly consumption never exceeds 500
kWh. In addition, it cannot exceed 400 kWh more than twice a year. This
rate is sometimes referred to as a lifeline rate.

3.1.4.3 Residential rate schedules to control peak uses
Although individual residential demand is small, collectively resi-

dential users place a peak demand burden on the utility system because
the majority of them use their electricity at the same times of the day
during the same months of the year. Some utilities charge more for energy
during peaking months in an attempt to solve this problem. Many utilities
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Typical schedule bills for:

Customer Class Comments Consumption | Demand | Power factor
(kWh) (kW) (kVAR)
1. Residential Small user but large
numbers of them v
2. Commercial Small to moderate user;
relatively large numbers v
3.Small industrial ~Small to moderate user;
fewer customers v v
4. Large industrial  Large user with low v v v

priority; typically, only

a few customers in this
class, but they consume
a large percentage of

the electricity produced.

Figure 3-1.
Generalized breakdown of electric rate schedule components.

Customer charge: $8.00/ month

Energy Charge:

Fuel adjustment:

All kWh @ 6.972 ¢/kWh

(A formula is provided by the utility to calcu-

late the fuel adjustment charge each month. It is
rather complex and will not be covered here.)

Figure 3-2. Typical residential rate schedule.

Customer charge: $5.45/month

Energy Charge:

Fuel adjustment:

5.865 ¢/ kWh

charge.)

(A formula is provided for calculating this

Figure 3-3. Low-use residential schedule.

(Courtesy of Oklahoma Gas and Electric Company)
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have an optional time-of-day or time-of-use rate which is supposed to help
alleviate the daily peaking problem by charging customers more for elec-
tric use during these peak periods. A number of utilities also have a load
management program to control customers” appliances.

Figure 3-4 provides examples of a Florida utility’s residential de-
mand profile over a given 24-hour period during the weekdays. Figure 3-
4 (a) shows the residential winter peak demand profile. This utility experi-
ences one large peak around 9:00 a.m. and another somewhat smaller

Typical Winter Residential Peak
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Figure 3-4 (a)

Typical Summer Residential Peak
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peak near 9:00 p.m. The first peak occurs when people get up in the
morning and start using electricity. They all turn up their electric heat,
cook breakfast, take a shower, and dry their hair at about the same time on
weekday mornings. Then in the evening, they all come home from work,
start cooking dinner, turn the heat back up (or use it more because nights
are colder) and turn on the TV set at about the same time. Figure 3-4 (b)
shows the residential summer peak demand profile for the same utility.

® Seasonal use rate schedule. Figure 3-5 presents a residential rate
schedule where the season of use is a factor in the rate structure. This
utility has chosen to attack its residential peaking problem by charg-
ing more for electricity consumed in the summer months when the
highest peaks occur.

Customer charge:  $6.50/ month
Energy Charge: On-peak season (June through October)
All kWh @ 7.728¢/kWh

Off-peak season (November through May)
First 600 kWh @ 7.728¢/kWh
All additional kWh @ 3.898¢/kWh

Fuel adjustment: ~ (Calculated by a formula provided by the utility.)

Figure 3-5. Seasonal use residential rate schedule.
(Courtesy of Oklahoma Gas and Electric Company)

During the summer peak season this utility uses a constant charge or
flat rate for all energy (7.728 cents/kWh) regardless of the amount con-
sumed. In the off-peak season, however, the utility uses a declining block
approach and charges a higher rate for the first 600 kWh of energy than it
does for the remaining kilowatt-hour use.

e Time-of-day or time-of-use pricing. To handle the daily peaking
problem, some utilities charge more for energy consumed during
peak times. This requires the utility to install relatively sophisticated
meters. It also requires some customer habit changes. Time-of-use
pricing for residential customers is not very popular today; however,
most utilities are required by their state regulatory agencies to pro-
vide a time-of-use rate for customers who desire one, so most utilities
have some form of time-of-use pricing.
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A sample time-of-day rate for residential customers served by
Florida Power Corporation is shown in Figure 3-6.

e Peak shaving. Some utilities offer a discount to residential customers
if the utility can hook up a remote control unit to cycle large electricity
using appliances in the home (usually electric heaters, air condition-
ers and water heaters). This utility load control program is also called
load management. This way the utility can cycle large appliance loads
on and off periodically to help reduce demand. Since the cycling is
performed over short periods of time, most customers experience
little to no discomfort. This approach is rapidly gaining in popularity.

A sample load management rate for residential customers served by
the Clay Electric Cooperative in Keystone Heights, FL, is shown in Figure
3-7. This rate provides a rebate to customers who agree to allow the utility
to turn off their electric water heaters or air conditioners for short periods
of time during peak hours. Note that the Clay Electric rate also includes an
inclining block feature.

3.1.5 General Service Rate Schedules

A general service rate schedule is used for commercial and small indus-
trial users. This is a simple schedule usually involving only consumption
(kWh) charges and customer charges. Sometimes, demand (kW) charges

Customer charge: $16.00/ month
Energy charge:
On-peak energy 10.857¢/kWh
Off-peak energy 0.580¢/kWh

On-peak hours:
November through March:
Monday through Friday  6:00 a.m. to 10:00 a.m.
6:00 p.m. to 10:00 p.m.

April through October:
Monday through Friday 12:00 noon to 9:00 p.m.
Off-peak hours: All other hours

Figure 3-6. Sample time-of-day electric rate.
(Courtesy Florida Power Corporation, St. Petersburg, FL)
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Customer charge:  $9.00/ month

Energy charge: First 1000 kWh @ $0.0825/kWh
Over 1000 kWh @ $0.0930/ kWh

Load management credit per month: Credit will be applied to the
bill of all customers with load management switches who use 500
kWh or more per month as follows:

Electric water heater controlled January-December  $4.00
Electric central heating controlled October-March

for 5 to 7.5 minutes of each 25-minute period ~ $3.00
Electric central air conditioner controlled

April-September for 5 to 7.5 minutes of each

25-minute period $3.00

Electric central heating controlled October-March
for 12.5 minutes of each 25-minute period $8.00
Electric central air conditioner controlled
April-September for 5 to 7.5 minutes of each
25-minute period $8.00

Figure 3-7. Sample load management rate for residential service.
(Courtesy of Clay Electric Cooperative, Keystone Heights, FL)

are used; this requires a demand meter. (See Section 3.1.3 for a more
detailed discussion of demand charges.)

The energy charge for this customer class is often substantially
higher than for residential users for various noneconomic reasons. Some
of these reasons include the fact that many businesses have widely vary-
ing loads depending on the health of the economy, and many businesses
close after only a few months of operation—sometimes leaving large
unpaid bills. In addition, some regulatory agencies feel that residential
customers should have lower rates since they cannot pass on electric costs
to someone else. For example, one rate schedule charges almost 8 cents/
kWh for commercial users during peak season but only a little more than 5
cents/kWh for residential users during the same season.

3.1.6 Small Industrial Rate Schedules
A small industrial rate schedule is usually available for small industrial
users and large commercial users. The service to these customers often
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becomes more complex because of the nature of the equipment used in the
industry, and their consumption tends to be higher. Consequently, the
billing becomes more sophisticated. Usually, the same cost categories
occur as in the simpler schedules, but other categories have been added.
Some of these are outlined below.

3.1.6.1 Voltage level.

One degree of complexity is introduced according to what voltage
level the customer needs. If the customer is willing to accept the electricity
at transmission voltage levels (usually 50,000 volts or higher) and do the
necessary transforming to usable levels on-site, then the utility saves
considerable expense and can charge less. If the customer needs the ser-
vice at a lower voltage, then the utility must install transformers and
maintain them. In that case, the cost of service goes up and so does the bill.

The voltage level charge can be handled in the rate schedule in
several ways. One is for the utility to offer a percentage discount on the
electric bill if the customer owns its own primary transformer and accepts
service at a higher voltage than it needs to run its equipment. Another is to
increase the energy charge as the voltage level decreases. (This method is
shown in the example in Figure 3-8.) Installing their own transformers is
often a significant cost-cutting opportunity for industrial users and
should be explored. Maintaining transformers is a relatively simple
(though potentially dangerous) task, but the customer may also need to
install standby transformers to avoid costly shutdowns.

3.1.6.2 Demand billing.
Understanding industrial rate structures means understanding the

concept of demand billing. Consider Figure 3-8 where energy demands on a
utility are plotted against time for two hypothetical companies. Since the
instantaneous demand (kW) is plotted over time, the integration of this
curve (i.e., the area under the curve) is the total energy (kWh) consumed
(see shaded area). Company B and Company A have the same average
demand, so the total energy consumed by B equals that of A. Company B’s
peak demand and its average demand are the same, but Company A has a
seasonal peak that is twice as high as its average demand. Because the
kWh consumed by each are equal, their bills for consumption will be
equal, but this seems unfair. Company B has a very flat demand structure
so the utility can gear up for that level of service with high-efficiency
equipment. Company A, however, requires the utility to supply about
twice the capacity that company B needs but only for one short period of
time during the year. This means the utility must maintain and gear up
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equipment which will only be needed for a short period of time. This is
quite expensive, and some mechanism must be used by the utility to
recover these additional costs.

Co. A Co.B

Peak demand

Peak demand

N\

Time

Kilowatt demand
Kilowatt demand

Figure 3-8. Demand profiles for two hypothetical industrial firms.

To properly charge for this disproportionate use of facilities and to
encourage company A to reduce its peak demand, an electric utility will
usually charge industrial users for the peak demand incurred during a
billing cycle, normally a month. Often a customer can achieve substantial
cost reductions simply by reducing peak demand and still consuming the
same amount of electricity. A good example of this would be to move the
use of an electric furnace from peaking times to nonpeaking times (maybe
second or third shifts). This means the same energy could be used at less
cost since the demand is reduced. A peak shaving (demand control)
example will be discussed in section 3-7.

3.1.6.3 Ratchet clause

Many utility rate structures have a ratchet clause associated with
their demand rate. To understand the purpose of the ratchet clauses, one
must realize that if the utility must supply power to meet a peak load in
July, it must keep that equipment on hand and maintain it for the next
peak load which may not occur for another year. To charge for this cost,
and to encourage customers to level their demand over the remaining
months, many utilities have a ratchet clause.

A ratchet clause usually says that the billed demand for any month is
a percentage (usually greater than 50%) of the highest maximum demand
of the previous 11 months or the actual demand, whichever is greater. The
demand is normally corrected for the power factor. For a company with a
large seasonal peaking nature, this can be a real problem. A peak can be
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set in July during a heavy air conditioning period that the company in
effect pays for a full year. The impact of ratchet clauses can be significant,
but often a company never realizes this has occurred.

3.1.6.4 Power factor.

Power factor is a complex subject to explain, but it can be a vitally
important element in a company’s electrical bill. One company the au-
thors worked with had a power factor of 51 percent. With their billing
schedule, this meant they were paying a penalty of 56.9 percent on de-
mand billing. With the addition of power factor correction capacitors, this
penalty could have been avoided or minimized.

The power factor is important because it imposes costs on a utility
that are not recovered with demand and energy charges. Industrial cus-
tomers are more likely to be charged for a poor power factor. They create
greater power factor problems for a utility because of the equipment they
use. They are also more likely to be able to correct the problem.

To understand the power factor, you must understand electric cur-
rents. The current required by induction motors, transformers, fluorescent
lights, induction heating furnaces, resistance welders, etc., is made up of
three types of current:

1. Power-producing current (working current or current producing real
power). This is the current which is converted by the equipment into
useful work, such as turning a lathe, making a weld, or pumping
water. The unit of measurement of the real power produced from
working current is the kilowatt (kW).

2. Magnetizing current (wattless or reactive current). This is the current
which is required to produce the flux necessary for the operation of
induction devices. Without magnetizing current, energy could not
flow through the core of a transformer or across the air gap of an
induction motor. The unit of measurement of the reactive power
associated with magnetizing current is the kilovar (kVAR) or kilovolt-
amperes reactive.

3. Total current (current producing apparent power or total power). This
is the current that is read on an ammeter in the circuit. It is made up of
the vector sum of the magnetizing current and the power-producing
current. The unit of measurement of apparent power associated with
this total current is the kilovoltampere (kVA). Most alternating cur-
rent (ac) powered loads require both kilowatts and kilovars to per-
form useful work.
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Power factor is the ratio of actual (real) power being used in a circuit,
expressed in watts or kilowatts, to the apparent power drawn from the
power line, expressed in voltamperes or kilovolt-amperes. The relation-
ship of kW, kVAR, and kVA in an electrical system can be illustrated by
scaling vectors to represent the magnitude of each quantity, with the
vector for kVAR at a right angle to that for kW (Figure 3-9). When these
components are added vectorially, the resultant is the kVA vector. The
angle between the kW and kVA vectors is known as the phase angle. The
cosine of this angle is the power factor and equals kW /kVA.

kW (working current)

o)

KVA (total current) kVAR (reactive current)

Lagging
0 = phase angle = measure of net amount of inductive reactance in circuit

cos 0 = PF = ratio of real power to apparent power

kva= KW K /(kw)+ (kVAR)’

Figure 3-9. Diagram of ac component vectors

Unless some way of billing for a low power factor is incorporated
into a rate schedule, a company with a low power factor would be billed
the same as a company with a high power factor. Most utilities do build in
a power factor penalty for industrial users. However, the way of billing
varies widely. Some of the more common ways include:

e Billing demand is measured in kVA instead of kW. A look at the
triangle in Figure 3-9 shows that as the power factor is improved, kVA
is reduced, providing a motivation for power factor improvement.

¢ Billing demand is modified by a measure of the power factor. Some
utilities will increase billed demand one percent for each one percent
the power factor is below a designated base. Others will modify
demand as follows:
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. _ Base Power Factor
Billed Demand = Actual Demand x Actual Power Factor

This way, if the actual power factor is lower than the base power
factor, the billed demand is increased. If the actual power factor is
higher than the base power factor, some utilities will allow the frac-
tion to stay, thereby providing a reward instead of a penalty. Some
will run the calculation only if actual power factor is below base
power factor.

* The demand or consumption billing schedule is changed according to
the power factor. Some utilities will change the schedule for both
demand and consumption according to the power factor.

e A charge per kVAR is used. Some companies will charge for each
kVAR used above a set minimum. This is direct billing for the power
factor.

In addition, since a regular kW meter does not recognize the reactive
power, some other measuring instrument must be used to determine the
reactive power or the power factor. A kVA meter can be supplied by the
utility, or the utility might decide to only periodically check the power
factor at a facility. In this case a utility would send a crew to the facility to
measure the power factor for a short period of time, and then remove the
test meter.

3.1.6.5 The rate schedule.

The previous few sections were necessary in order to be able to
present a rate schedule itself in understandable terms. All these complex
terms and relationships make it difficult for many managers to under-
stand their bills. You, however, are now ready to analyze a typical rate
schedule. Consider Figure 3-10.
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Effective in: All territories served

Availability: Power and light service. Alternating current. Service will be
rendered at one location at one voltage. No resale, breakdown, auxiliary,
or supplementary service permitted.

Rate:

A. Transmission service (service level 1):
Customer charge: $637.00/bill / month

Demand charge applicable to all kW /month of
billing demand:

On-peak season:  $10.59/kW

Off-peak season:  $3.84/kW

Energy charge:
First two million kWh 3.257¢/kWh

All kWh over two million 2.915¢/kWh

B. Distribution service (service level 2):
Customer charge: $637.00/bill / month

Demand charge applicable to all kW /month of
billing demand:

On-peak season:  $11.99/kW

Off-peak season: $4.36/kW

Energy charge:
First two million kWh 3.297¢/kWh

All kWh over two million 2.951¢/kWh

C. Distribution service (service levels 3 and 4):
Customer charge: $269.00/bill / month

Demand charge applicable to all kW /month of
billing demand:

On-peak season: ~ $12.22/kW

Off-peak season: ~ $4.45/kW

Figure 3-10. Typical small industrial rate schedule.
(Courtesy of Oklahoma Gas and Electric Company)
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Energy charge:
First two million kWh 3.431¢/kWh

All kWh over two million 3.010¢/kWh

D. Secondary service (service level 5):
Customer charge: $151.00/bill/ month

Demand charge applicable to all kW /month of

billing demand:
On-peak season:  $13.27 /kW

Off-peak season: $4.82/kW

Energy charge:
First two million kWh 3.528¢/kWh

All kWh over two million 3.113¢/kWh

Definition of season:
On-peak season: ~ Revenue months of June-October of any year.
Off-peak season: ~ Revenue months of November of any year
through May of the succeeding year.

Late payment charge: A late payment charge in an amount equal to one
and one-half percent (1-1/2%) of the total balance for services and charges
remaining unpaid on the due date stated on the bill shall be added to the
amount due. The due date shall be twenty (20) days after the bill is mailed.

Minimum bill: The minimum monthly bill shall be the Customer Charge
plus the applicable Capacity Charge as computed under the above sched-
ule. The Company shall specify a larger minimum monthly bill, calculated
in accordance with the Company’s Allowable Expenditure Formula in its
Terms and Conditions of Service on file with and approved by the Com-
mission, when necessary to justify the investment required to provide
service.

Determination of maximum demand: The consumer’s Maximum Demand
shall be the maximum rate at which energy is used for any period of
fifteen (15) consecutive minutes of the month for which the bill is ren-
dered as shown by the Company’s demand meter. In the event a con-
sumer taking service under this rate has a demand meter with an interval

Figure 3-10. (Continued)



Understanding Energy Bills 107

greater than 15 minutes, the company shall have a reasonable time to
change the metering device.

Determination of billing demand: The Billing Demand upon which the
demand charge is based shall be the Maximum Demand as determined
above corrected for the power factor, as set forth under the Power Factor
Clause, provided that no billing demand shall be considered as less than
65% of the highest on-peak season maximum demand corrected for the
power factor previously determined during the 12 months ending with
the current month.

Power factor clause: The consumer shall at all times take and use power in
such manner that the power factor shall be as nearly 100% as possible, but
when the average power factor as determined by continuous measure-
ment of lagging reactive kilovoltampere hours is less than 80%, the Billing
Demand shall be determined by multiplying the Maximum Demand,
shown by the demand meter for the billing period, by 80 and dividing the
product thus obtained by the actual average power factor expressed in per
cent. The company mayi, at its option, use for adjustment the power factor
as determined by tests during periods of normal operation of the
consumer’s equipment instead of the average power factor.

Fuel cost adjustment: The rate as stated above is based on an average cost
of $1.60/million Btu for the cost of fuel burned at the company’s thermal
generating plants. The monthly bill as calculated under the above rate
shall be increased or decreased for each kWh consumed by an amount
computed in accordance with the following formula:

FA-a*BO-D P, OC_y

10° S OS
where
F.A. = fuel cost adjustment factor (expressed in $/kWh) to be ap-
plied per kWh consumed
A = weighted average Btu/kWh for net generation from the

company’s thermal plants during the second calendar
month preceding the end of the billing period for which the
kWh usage is billed

Figure 3-10. (Continued)
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ocC

(O

amount by which the average cost of fuel per million Btu
during the second calendar month preceding the end of the
billing period for which the kWh usage is billed exceeds or is
less than $1.60/million Btu; any credits, refunds, or allow-
ances on previously purchased fuel, received by the com-
pany from any source, shall be deducted from the cost of
fuel before calculating B each month

ratio (expressed decimally) of the total net generation from
all the company’s thermal plants during the second calendar
month preceding the end of the billing period for which the
kWh usage is billed to the total net generation from all the
company’s plants including hydro generation owned by the
company, or kW produced by hydro generation and pur-
chased by the company during the same period

the amount of fuel cost per million Btu embedded in the
base rate is $2.30

the capacity and energy cost of electricity purchased by the
Company, excluding any cost associated with “OC,” during
the second calendar month preceding the current billing
month, excluding any capacity purchased in said month and
recovered pursuant to Standard Rate Schedule PCR-1.

total kWh generated by the company plus total kWh pur-
chased by the company which are associated with the cost
included in “P” during the second calendar month preced-
ing the end of the billing period for which kWh use is billed

the difference between the cost of cogenerated power and
company-generated power (Note that this factor has been
simplified for purposes of this book.)

the company’s appropriate Oklahoma retail kWh sales dur-
ing the twelfth billing month preceding the current billing
month

a factor (expressed in $/kWh) to reflect 90% of the margin
(profits) from the non-firm off-system sales of electricity to
other utilities during the 2nd calendar month preceding the
end of the billing period for which the kWh usage is billed.

Figure 3-10. (Continued)
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Franchise payment: Pursuant to Order Number 110730 and Rule 54(a) of
Order Number 104932 of the Corporation Commission of Oklahoma,
franchise taxes or payments (based on a percent of gross revenue) in
excess of 2% required by a franchise or other ordinance approved by the
qualified electors of a municipality, to be paid by the company to the
municipality, will be added pro rata as a percentage of charges for electric
service, as a separate item, to the bills of all consumers receiving service
from the company within the corporate limits of the municipality exacting
the said tax or payment.

Transmission, distribution, or secondary service: For purposes of this rate,
the following shall apply:

Transmission service (service level 1), shall mean service at any nominal
standard voltage of the company above 50 kV where service is rendered
through a direct tap to a company’s transmission source.

Distribution service (service levels 2,3, and 4), shall mean service at any
nominal standard voltage of the company between 2,000 volts and 50 kV,
both inclusive, where service is rendered through a direct tap to a
company’s distribution line or through a company numbered substation.

Secondary service (service level 5), shall mean service at any nominal
standard voltage of the company less than 2,000 volts or at voltages from 2
to 50 kV where service is rendered through a company-owned line trans-
former. If the company chooses to install its metering equipment on the
load side of the consumer’s transformers, the kWh billed shall be in-
creased by the amount of the transformer losses calculated as follows:

1% of the total kVA rating of the consumer’s transformers * 730 hours

Term: Contracts under this schedule shall be for not less than 1 year, but
longer contracts subject also to special minimum guarantees may be nec-
essary in cases warranted by special circumstances or unusually large
investments by the company. Such special minimum guarantees shall be
calculated in accordance with the company’s allowable expenditure for-
mula and its terms and conditions of service on file with and approved by
the commission.

Figure 3-10. (Concluded)
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Let's examine the different components in this rate structure of
Figure 3-10.

e Voltage level. This utility has chosen to encourage company-owned
primary transformers by offering a cheaper rate for both demand and
consumption if the company accepts service at a higher voltage level.
To analyze what it could save from primary transformer ownership, a
company only needs to calculate the dollar savings from accepting
service at a higher voltage level and compare that savings to the cost
of the necessary transformers and annual maintenance thereof. Trans-
former losses must be absorbed by the company, and the company
must provide a standby transformer or make other arrangements in
case of a breakdown.

®  Demand billing. This utility has chosen to emphasize demand leveling
by assessing a rather heavy charge for demand.” Furthermore, the
utility has emphasized demand leveling during its summer peaking
season.

e Consumption. This utility uses a declining block rate for very large
users, but this essentially amounts to a flat charge per kilowatt-hour
for most consumption levels.

e Power factor. The utility has chosen to charge for the power factor by
modifying the demand charge. They have decided all customers
should aim for a power factor of at least 80 percent and should be
penalized for power factors of less than 80 percent. To do this, the
peak demand is multiplied by a ratio of the base power factor (80%) to
the actual power factor if the actual power factor is below 80%; there
is no charge or reward if the power factor is above 80%:

: _ Base Power Factor
Billed Demand = Actual Demand x Actual Power Factor

where the base power factor = .80.

e Ratchet clause. The utility has a ratchet clause which says that the
billed demand for any month is “65% of the highest on-peak season
maximum demand corrected for the power factor” of the previous 12
months or the actual demand corrected for power factor whichever is
greater.

*Actually, charges are regional. For the Southwest, this is a rather large demand charge. For
the Northwest, it would be cheap.
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e Miscellaneous. Other items appearing in the rate schedule include fuel
cost adjustment, late payment charge, and minimum bill. The fuel cost
adjustment is based on a formula and can be quite significant. Any-
time the cost of energy is calculated, the fuel cost adjustment should
be included.

e Sales tax. One item not mentioned in the sample schedule is sales tax.
Many localities have sales taxes of 6-8% or more, so this can be a
significant cost factor. The cost of electrical service should include this
charge. One item of interest: Some states have laws stating that energy
used directly in production should not have sales tax charged to it. This is
important to any industry in such a state with energy going to pro-
duction. Some submetering may be necessary, but the cost savings
often justifies this. For example, electricity used in a process furnace
should not be taxed, but electricity running the air conditioners would
be taxed.

Example 3-1. As an example of rate schedule calculations, let’s use the
schedule in Figure 3-10 to calculate the September bill for the company
whose electric use is shown below:

Month: September 1996

Actual demand: 250 kW

Consumption: 54,000 kWh

Previous high billed demand: 500 kW (July 1996)

Power factor: 75%

Service level: Secondary (PLS, service level 5)

Sales tax: 6%

Fuel adjustment: 1.15¢/kWh (This value is calculated by the utility
company according to the formula given in the
rate schedule.)

As a first step, the demand should be calculated:
Power factor correction:
billed demand = (actual demand) * (.80/PF)

=250 kW * (.80/.75)
=266.7 kW



112 Guide to Energy Management

minimum billed demand (ratchet clause)
= (500 kW) * (.65)

=325 kW
billed demand =max. (266.7 kW, 325 kW)
billed demand =325 kW

demand charge (on-peak season)
= (325 kW) ($13.27/ kW)

=$4312.75
Consumption charge:
(54,000 kWh)($.03528 / kWh) =$1905.12
(54,000 kWh)($.0115/ kWh)(fuel adjustment) =$621.00
total consumption charge = $2526.12

Customer charge:
$151.00
Total charge before sales tax:
$4312.75 + $2526.12 + $151.00 = $6989.87
Sales tax:
$6989.87 x (.06) = $ 419.39
Total™:

$6989.87 + $ 419.39 = $7409.26

3.1.7 Large Industrial Rate Schedules

Most utilities have very few customers that would qualify for or
desire to be on a large industrial rate schedule. Sometimes, however, one
or two large industries will utilize a significant portion of a utility’s total
generating capacity. Their size makes the billing more complex; therefore,

*Ignoring franchise payment and late charges.
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a well-conceived and well-designed rate schedule is necessary.

Typically a large industrial schedule will include the same compo-
nents as a small industrial schedule. The difference occurs in the amount
charged for each category. The customer charge, if there is one, tends to be
higher. The minimum kW of demand tends to be much higher in cost/
kW, but all additional kW may be somewhat lower (per kW) than on small
industrial schedules. Similarly, the charge per kWh for consumption can
be somewhat less. The reason for this is economy of scale; it is cheaper for
a utility to deliver a given amount of electrical energy to one large cus-
tomer than the same amount of energy to many smaller customers.

Figure 3-11 is an example of a large industrial schedule.

STANDARD RATE SCHEDULE Rate Code No. 530

Large Power and Light (LPL)
(TITLE AND/OR NUMBER)

Availability: Available on an annual basis by written contract to any retail
customer. This schedule is not available for resale, standby, breakdown,
auxiliary, or supplemental service. It is optional with the customer
whether service will be supplied under this rate or any other rate for
which he is eligible. Once a rate is selected, however, service will continue
to be supplied under that rate for a period of 12 months unless a material
and permanent change in the customer’s load occurs.

Service will be supplied from an existing transmission facility oper-
ating at a standard transmission voltage of 69 kV or higher by means of
not more than one transformation to a standard distribution voltage of not
less than 2.4 kV. Such transformation may be owned by the company or
customer. Service may be supplied by means of an existing primary
distribution facility of at least 24 kV when such facilities have sufficient
capacity.

Service will be furnished in accordance with the company’s rules,
regulations, and conditions of service and the rules and regulations of the
Oklahoma Corporation Commission.

Net rate: Capacity charge:
$13,750.00: net per month for the first 2500 kilowatts (kW) or less of

billing demand

Figure 3-11. Large industrial rate schedule.
(Courtesy of Oklahoma Gas and Electric Co.)
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$4.20: net per month per kilowatt (kW) required in excess of
2500 kW of billing demand
$.50: net per month for each reactive kilovoltampere (kVAR)
required above 60% of the billing demand

Plus an energy charge:
2.700¢: net per kilowatt-hour (kWh) for the first 1 million kWh

used per month
2.570¢: net per kilowatt-hour (kWh) for all additional use per
month

Determination of monthly billing demand: The monthly billing demand
shall be the greater of (a) 2500 kW, (b) the monthly maximum kilowatt

(kW) requirement, or (c) eighty percent (80%) of the highest monthly
maximum kilowatt (kW) requirement established during the previous 11
billing months. The monthly maximum reactive kilovoltampere (kVAR)
required are based on 30-min integration periods as measured by appro-
priate demand indicating or recording meters.

Determination of minimum monthly bill: The minimum monthly bill shall
consist of the capacity charge. The monthly minimum bill shall be ad-
justed according to adjustments to billing and kVAR charges. If the
customer’s load is highly fluctuating to the extent that it causes interfer-
ence with standard quality service to other loads, the minimum monthly
bill will be increased $.50/kVA of transformer capacity necessary to cor-
rect such interference.

Terms of payment: Payment is due within 10 days of the date of mailing
the bill. The due date will be shown on all bills. A late payment charge will
be assessed for bills not paid by the due date. The late payment charge
shall be computed at 1-1/2 % on the amount past due per billing period.

Adjustments to billing:

1. Fuel cost adjustment: The rate as stated above is based on an average
cost of $2.00/million Btu for the cost of fuel burned at the company’s
thermal generating plants. The monthly bill as calculated under the
above rate shall be increased or decreased for each kWh consumed by
an amount computed in accordance with the following formula:

Figure 3-11. (Continued)
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where FA=
A=
B=
C=
2.

FA=AXL6XC
10

fuel cost adjustment factor (expressed in dollars per kWh)
to be applied per kWh consumed

weighted average Btu/kWh for net generation from the
company’s thermal plants during the second calendar
month preceding the end of the billing period for which
the kWh usage is billed

amount by which the average cost of fuel per million Btu
during the second calendar month preceding the end of the
billing period for which the kWh usage is billed exceeds or
is less than $2.00/million Btu; any credits, refunds, or al-
lowances on previously purchased fuel received by the
company from any source shall be deducted from the cost
of fuel before calculating B each month

ratio (expressed decimally) of the total net generation from
all the company’s thermal plants during the second calen-
dar month preceding the end of the billing period for
which the kWh usage is billed to the total net generation
from all the company’s plants including hydrogeneration
owned by the company, or kWh produced by
hydrogeneration and purchased by the company, during
the same period

Tax adjustment: If there shall be imposed after the effective date of
this rate schedule, by federal, state, or other governmental authority,
any tax, other than income tax, payable by the company upon gross
revenue, or upon the production, transmission, or sale of electric
energy, a proportionate share of such additional tax or taxes shall be
added to the monthly bills payable by the customer to reimburse the
company for furnishing electric energy to the customer under this rate
schedule. Reduction likewise shall be made in bills payable by the
customer for any decrease in any such taxes.

Additionally, any occupation taxes, license taxes, franchise taxes,

Figure 3-11. (Continued)
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and operating permit fees required for engaging in business with any
municipality, or for use of its streets and ways, in excess of two
percent (2%) of gross revenues from utility business done within such
municipality, shall be added to the billing of customers residing
within such municipality when voted by the people at a regularly
called franchise election. Such adjustment to billing shall be stated as a
separate item on the customer’s bill.

Figure 3-11. (Concluded)

3.1.8 Cogeneration and Buy-Back Rates

Since enactment of the Public Utility Regulatory Policy Act of 1978
(PURPA), there has been significant renewed interest in on-site-generated
power. This can be from cogeneration (on-site generation of thermal heat
with concurrent, sequential generation of electricity), windmills, solar
thermal, solar photovoltaics, or other sources. Generation of this energy
for use only on site is often not cost effective due to variability of loads.
Resale of excess electricity (when it is available) to the local utility, how-
ever, often makes a non-utility electric generation project economically
feasible.

PURPA specified that cogenerators that met certain minimum con-
ditions would be designated as Qualifying Facilities (QFs) and would be
paid Avoided Costs by the purchasing utilities. To comply with these
requirements of PURPA, utilities have developed buy-back rates for this
excess electricity. Since the value of this energy may be either less than or
greater than the cost to the utility of generating it, buy-back usually
requires a separate meter and a separate rate schedule.*

Cogeneration can be an attractive energy cost-saving alternative for
facilities that need both electric power and large amounts of steam or hot
water. The combined production of electricity and thermal energy can
result in fuel savings of 10-30 percent over the separate generation costs.
Cogeneration will be discussed again in a later chapter.

3.1.9 Others

Many other rate schedules are being developed as the needs dictate.
For example, some utilities have a rate schedule involving interruptible
and curtailable loads. An interruptible load is one that can be turned off at

*Remember, the time when the industry generates an excess of electricity is probably not a
peak time, so the utility really does not need the power as badly.
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certain times of the day or year. A utility offers a lower rate as an incentive
to companies willing to help decrease the system demand during peaking
times of the day or year.

A curtailable load is one that the company may be willing to turn off
if given sufficient notice. For example, the utility may hear of a weather
forecast for extreme heat or extreme cold which would result in a severe
peaking condition. It may then call its curtailable customers and ask that
all the curtailable loads be turned off. Of course, the utility is willing to
compensate the customers for this privilege too.

In both cases, the utility compensates its customers for these loads
by offering a reduction in the bill. In the case of curtailable loads, the rate
reduction occurs every month during the peaking season whether or not
the utility actually calls for the turnoff. In the case of interruptible loads,
the basic rate is much lower to start with.

3.2 NATURAL GAS

Natural gas rate schedules are similar in structure to electric rate
schedules, but they are often much simpler. Natural gas companies also
experience a peaking problem. Theirs is likely to occur on very cold winter
days and/or when supply disruptions exist. Due to the unpredictable
nature of these peak problems, gas utilities normally do not charge for
peak demand. Instead, customers are placed into interruptible priority
classes.

A customer with a high priority will not be curtailed or interrupted
unless absolutely necessary. A customer with the lowest priority, how-
ever, will be curtailed or interrupted whenever a shortage exists. Nor-
mally some gas is supplied to keep customer’s pipes from freezing and
pilot lights burning. To encourage use of the low-priority schedules, utili-
ties charge significantly less for this gas rate. Most gas utilities have three
or four priority levels. Some utilities allow customers to choose their own
rate schedule, while others strictly limit the choice.

Figure 3-12 presents a sample rate schedule for four priority levels.
Here the industrial customer is limited in choice to priorities 3 and 4.

Some points are demonstrated in this collection of schedules. First,
the energy costs decrease as the priority goes down, but the probability of
a curtailment or interruption dramatically increases. Second, the winter
residential rate has an increasing block component on the block of gas use
over 10 Mcf/month. Only very large residential consumers would ap-
proach this block, so its intent is to discourage wanton utilization. Like
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Residential Commercial
Priority 1 Priority 2
Winter Winter
First 1 ccf/mo $5.12 First 1 ccf/mo $6.79
Next 2.9 Mcf/mo $5.347 / Mcf Next 2.9 Mcf/mo $5.734 / Mcf
Next 7 Mcf/mo $3.530/Mcf Next 7 Mcf/mo $5.386/Mcf
Over 10 Mcf/mo $3.725/Mcf Next 90 Mcf/mo $4.372 / Mcf
Next 1900 Mcf/mo $4.127 / Mcf
Summer Next 6000 Mcf/mo $3.808 / Mcf
First 1 ccf $5.12/Mcf Over 8000 Mcf/mo $3.762 / Mcf
Next 2.9 Mcf/mo $5.347 / Mcf
Over 3 Mcf/mo $3.633/Mcf
Summer
First 1 ccf $6.79
Next 2.9 Mcf/mo $5.734 / Mcf
Next 7 Mcf/mo $5.386/Mcf
Next 90 Mcf/mo $4.372 / Mcf
Next 100 Mcf/mo $4.127 / Mcf
Next 7800 Mcf/mo $3.445 / Mcf
Over 8000 Mcf/mo $3.399 / Mcf
Industrial Industrial
Priority 3 Priority 4
(Second Interruptible) (First Interruptible)
First 1 ccf $19.04 First 4000 Mcf/mo or
Next 2.9 Mcf/mo $5.490 / Mcf fraction thereof $12,814.00
Next 7 Mcf/mo $5.386/Mcf Next 4000 Mcf/mo $3.168 / Mcf
Next 90 Mcf/mo $4.372 / Mcf Over 8000 Mcf/mo $3.122 /Mcf
Next 100 Mcf/mo $4.127 / Mcf
Next 7800 Mcf/mo $3.445 / Mcf
Over 8000 Mcf/mo $3.399 / Mcf

Summer periods include the months from May through October.
Winter periods include the months from November through April.

Figure 3-12. Gas schedules for one utility.
(Courtesy Oklahoma Natural Gas Company)

electric rates, fuel cost adjustments do exist in gas rates. Sales taxes also
apply to natural gas bills. Again, some states do not charge sales tax on gas

used directly in production.

Natural gas rates differ significantly in different parts of the country.
Gas is relatively cheap in the producing areas of Oklahoma, Texas and
Louisiana. It is much more expensive in other areas where it must be
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transported over long distances through transmission pipes. For example,
in Florida, gas is almost twice as expensive as shown in the rate structure
of Figure 3-12. Gas supplied by Gainesville Regional Utilities (Gainesville,
FL) is priced under a flat rate structure (i.e. it does not drop in price with
increased use). It costs around $6.00/Mcf for residential use, and almost
$5.00/Mcf for commercial use. Interruptible gas service for larger users
costs about $4.00/ Mcf.

3.3 FUEL OIL AND COAL

Fuel oils are a very popular fuel source in some parts of the country,
but they are rarely used in others. Natural gas and fuel oil can generally be
used for the same purpose so the availability and price of each generally
determines which is used.

Fuel oils are classified as distillates or residuals. This classification
refers to the refining or distillation process. Fuel oils Number 1 and 2 are
distillates. No. 1 oil can be used as a domestic heating oil and diesel fuel.
No. 2 oil is used by industry and in the home. The distillates are easier to
handle and require no heat to maintain a low viscosity; therefore, they can
be pumped or poured with ease.

Residual fuel oils include Nos. 4, 5 and 6. Optimum combustion is
more difficult to maintain with these oils due to variations in their charac-
teristics that result from different crude oil origins and refining processes.
No. 6 or residual bunker C is a very heavy residue left after the other oils
have been refined. It has a very high viscosity and must be heated in cold
environments to maintain a pour point (usually somewhere around 55°F).

The sulfur content of fuel oil normally ranges from .3 to 3.0 percent.
Distillates have lower percentages than residuals unless the crude oil has
a very high sulfur level. Sulfur content can be very important in meeting
environmental standards and thus should be watched carefully.

Billing schedules for fuel oils vary widely among geographical areas
of the country. The prices are set by market conditions (supply vs. de-
mand), but within any geographical area they are fairly consistent. Within
each fuel oil grade, there is a large number of sulfur grades, so shopping
around can sometimes pay off. Basically, the price is simply a flat charge
per gallon, so the total cost is the number of gallons used times the price
per gallon.

Like fuel oil, coal comes in varying grades and varying sulfur con-
tent. It is, in general, less expensive than fuel oil per Btu, but it does
require higher capital investments for pollution control, coal receiving



120 Guide to Energy Management

and handling equipment, storage, and preparation. Coal is priced on a per
ton basis with provisions for or consideration of sulfur content and per-
cent moisture.

Finally, coal does not burn as completely as other fuels. If combus-
tion air is properly controlled, natural gas has almost no unburned com-
bustibles, while fuel oil has only a small amount. Coal, however, is much
more difficult to fully combust.

34 STEAM AND CHILLED WATER

In some areas of the country, customers can purchase steam and
chilled water directly instead of buying the fuel and generating their own.
This can occur where there are large-scale cogeneration plants (steam),
refuse-fueled plants (steam), or simple economics of scale (steam and/or
chilled water). In the case of both steam and chilled water, it is normal to
charge for the energy itself (pounds of steam or ton-hours of chilled
water) and the demand (pounds of steam per hour or tons of chilled
water). A sample hypothetical rate schedule is shown in Figure 3-13.

These rates are often competitive with costs of self-generated steam
and chilled water. Purchasing steam and chilled water conserves consid-
erable amounts of capital and maintenance monies. In general, when
steam or chilled water is already available, it is worthy of consideration.
The primary disadvantage is that the user does not have control of the
generating unit. However, that same disadvantage is also true of electric-
ity for most facilities.

3.5 WATER AND WASTEWATER

The energy analyst also frequently looks at water and wastewater
use and costs as part of the overall energy management task. These costs
are often related to the energy costs at a facility, and are also amenable to
cost control. Water use should be examined, and monthly bills should be
analyzed similarly to energy bills to see if unusual patterns of consump-
tion are occurring. Water treatment and re-use may be cost effective in
areas where water costs are high.

Wastewater charges are usually based on some proportion of the
metered water use since the wastewater solids are difficult to meter. This
can needlessly result in substantial increases in the utility bill for pro-
cesses which do not contribute to the wastewater stream (e.g., makeup
water for cooling towers and other evaporative devices, irrigation, etc.). A
water meter can be installed at the service main to measure the loads not
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Steam
Steam demand charge:
$1500.00/ month for the first 2000 Ib/h of demand or any portion
thereof
$550.00/ month /1000 Ib/h for the next 8000 1b/h of demand
$475.00/ month /1000 1b/h for all over 10,000 Ib/h of demand

Steam Consumption Charge:
$3.50/1000 Ib for the first 100,000 Ib of steam per month

$3.00/1000 Ib for the next 400,000 b of steam per month
$2.75/1000 Ib for the next 500,000 Ib of steam per month
$2.00/1000 Ib for the next 1 million 1b of steam per month

Negotiable for all over 2 million Ib of steam per month

Chilled water
Chilled water demand charge:
$2500.00/month for the first 100 tons of demand or any portion
thereof
$15.00/ month/ton for the next 400 tons of demand
$12.00/month/ton for the next 500 tons of demand
$10.00/ month/ton for the next 500 tons of demand
$9.00/ month /ton for all over 1500 tons of demand

(One ton is defined as 12,000 Btu /h, and an hour is defined as any 60
consecutive min.)

Chilled water consumption charge:
$.069/ton e h for the first 10,000 ton ® h/month

$.06/ton e h for the next 40,000 ton ® h/month
$.055/ton e h for the next 50,000 ton ® h/month
$.053/ton  h for the next 100,000 ton ® h/month
$.051/ton e h for the next 100,000 ton ® h/month
$.049/ton e h for the next 200,000 ton ® h/month
$.046/ton e h for the next 500,000 ton ® h/month

Base rates: Consumption rates subject only to escalation of charges
listed in conditions of service and customer instructions

Figure 3-13. Hypothetical steam and chilled water rate schedule.



122 Guide to Energy Management

returning water to the sewer system. This can reduce the wastewater
charges by up to two-thirds.

3.6 MONTHLY ENERGY BILL ANALYSIS

Once the energy rate structures have been examined, management
should now understand how the company is being charged for the energy
it uses each month. This is an important piece of the overall process of
energy management at a facility. The next step in the examination of
energy costs should be to review the bills and determine the average, peak
and off-peak costs of energy used during at least the past twelve months.

Energy bills should be broken down into components that can be
controlled by the facility. These cost components can be listed individu-
ally in tables and then plotted. For example, electricity bills should be
categorized by demand costs per kW per month, and energy costs per
kWh. The following example illustrates this analysis for an industry in
Florida.

Example 3-2. A company in central Florida that fabricates metal products
receives electricity from its electric utility at the following general service
demand rate structure.

Rate structure:
(Minimum demand of 20 kW /month to qualify for rate)

Customer cost = $21.00 per month

Energy cost = $0.04 per kWh

Demand cost = $6.50 per kW per month

Taxes = Total of 8%

Fuel adjustment = A variable amount per kWh each month (which may
be a cost or a credit depending on actual fuel costs to
the utility).

The electric energy use and costs for that company for a year are summa-
rized below.

The energy analyst must be sure to account for all the taxes, the fuel
adjustment costs, the fixed charges, and any other costs so that the true
cost of the controllable energy cost components can be determined. In the
electric rate structure described above, the quoted costs for a kW of
demand and a kWh of energy are not complete until all these additional



Understanding Energy Bills 123

costs are added. Although the rate structure says that there is a basic
charge of $6.50 per kW per month, the actual cost including all taxes is
$7.02 per kW per month. The average cost per kWh is most easily obtained
by taking the data for the 12-month period and calculating the cost over
that period of time. Using the numbers from the table, one can see that this
company has an average energy cost of ($42,628.51)/(569,360 kWh) =
$0.075 per kWh.

Summary of Energy Usage and Costs

Month kWh Used kWh Cost($) Demand Demand Total

(kWh) (kW) Cost ($) Cost ($)
Mar 44960 1581.35 213 1495.26 3076.61
Apr 47920 1859.68 213 1495.26 3354.94
May 56000 2318.11 231 1621.62 3939.73
Jun 56320 2423.28 222 1558.44 3981.72
Jul 45120 1908.16 222 1558.44 3466.60
Aug 54240 2410.49 231 1621.62 4032.11
Sept 50720 2260.88 222 1558.44 3819.32
Oct 52080 2312.19 231 1621.62 3933.81
Nov 44480 1954.01 213 1495.26 3449.27
Dec 38640 1715.60 213 1495.26 3210.86
Jan 36000 1591.01 204 1432.08 3023.09
Feb 42880 1908.37 204 1432.08 3340.45
Totals 569,360 $24,243.13 2,619 $18,385.38  $42,628.51
Monthly
Averages 47,447 $2,020.26 218 $1,532.12 $3,552.38

The utility cost data are used initially to analyze potential Energy
Management Opportunities (EMOs) and will ultimately influence which
EMOs are recommended. For the example above, an EMO that reduces
peak demand would save the company $7.02 per kW per month. There-
fore, the energy analyst should consider EMOs that would involve using
certain equipment during the night shift when the peak load is signifi-
cantly lower than the first shift peak load. EMOs that save both energy
and demand on the first shift would save costs at a rate of $0.075 per kWh.
Finally, EMOs that save electrical energy during the off-peak shift should
be examined too, but they may not be as advantageous; they would only
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save at the rate of $0.043 per kWh because they are already using off-peak
energy and there would not be any additional demand cost savings.

The energy consumption should be plotted as well as tabulated to
show the patterns of consumption pictorially. The graphs often display
some unusual feature of energy use, and may thus help highlight periods
of very high use. These high-use periods can be further examined to
determine whether some piece of equipment or some process was being
used much more than normal. The energy auditor should make sure that
any discrepancies in energy use are accounted for. Billing errors can also
show up on these plots, although such errors are rare in the authors’
experience.

Figures 3-14 and 3-15 show graphs of the annual kilowatt-hour and
kilowatt billing for the data from the preceding example. An energy
auditor examining these graphs should ask a number of questions. Be-
cause the months of May through October are warm months in Florida,
the kilowatt-hour use during these months would be expected to be
higher than during the winter months. However, July shows unexpect-
edly low usage. In this case the company took a one-week vacation during
July, and the plant energy consumption dropped accordingly. In other
cases, this kind of discrepancy should be investigated, and the cause
determined. The variations between December, January and February
again bear some checking. In this example, the plant also experienced
shutdowns in December and January. Otherwise, the facility’s kilowatt-
hour use seems to have a fairly consistent pattern over the twelve-month
period.

Kilowatt use also needs some examination. The 18 kW jump from
April to May is probably the result of increased air-conditioning use.
However, the 9 kW drop from May to June seems odd especially since
kilowatt-hour use actually increased over that period. One might expect
demand to drop in July commensurate with the drop in energy use, but as
long as the plant operated at normal capacity on any day during the
month of July, it would be likely to establish about the same peak demand
as it did in June. Other causes of large variations for some facilities can be
related to meter reading errors, equipment and control system malfunc-
tions, and operational problems.

3.7 ACTIONS TO REDUCE ELECTRIC UTILITY COSTS

Typical actions to reduce kWh consumption involve replacing exist-
ing lights with more efficient types; replacing electric heating and cooling
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equipment with more efficient models; adding insulation to walls and
ceilings; replacing motors with high efficiency models and using variable
speed drives; recovering heat from air compressors, refrigeration units, or
production processes to heat water for direct use or to pre-heat water for
steam production; and replacing manufacturing or process equipment by
more energy efficient models or processes.

Most of these actions will also result in demand reductions and
produce savings through lower kW charges. Other actions that specifi-
cally reduce demand involve controlling and scheduling existing loads to
reduce the peak kW value recorded on the demand meter. An energy
management computer that controls demand is usually better than
manual control or time-clock control. If several large motors, chillers,
pumps, fans, furnaces or other high kW loads are in use at a facility, then
electric costs can almost always be saved through demand limiting or
control. All of these areas for savings will be examined in detail in the
subsequent chapters.

Example 3-3. As an example of the savings that can be obtained by
demand control, consider the use of four large machines at a production
facility where each machine has a demand of 200 kW. The machines could
be controlled by a computer which would limit the total demand to 400
kW at any one time. This company has chosen to limit the use of the
machines by operational policy which states that no more than two ma-
chines should be turned on at any given time.

One morning at 8:00 am a new employee came in and turned on the two
idle machines. At 8:30 am the plant foreman noticed that too many ma-
chines were running and quickly shut down the extra two machines.
What did this employee’s mistake cost the facility?

The immediate cost on the month’s electric bill has two components.
Using the demand rate from Example 3.2, the immediate cost is calculated
as:

Demand cost increase =400 kW * $7.02/kW
= $2808

Energy costincrease =400 kW * 0.5 hr * $.043/kWh
= $8.60 for the energy.

If the utility rate structure includes a 70% demand ratchet, there would be
an additional demand for the next 11 months of (.70 * 800 kW) — 400 kW =
160 kW. This would further increase the cost of the mistake as follows:
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Ratchet cost increase =11 mo * $7.02/kW mo * 160 kW
=$12,355.20.

Total cost of mistake = $2808 + $8.60 + $12,355.20
=$15,171.80

Under certain conditions a customer may be able to save money by
shifting to another rate category [2]. Consider the example of a manufac-
turing facility which has a meter for the plant area and a separate meter
for the office area. The plant is on a demand rate, but the office area is on a
non-demand rate since it has a typical demand of around 19 kW for any
month. Under the demand rate structure in section 3.6 customers are
billed on the demand rate for one full year starting from any month in
which their demand exceeds 20 kW for any 30 minute time window. If the
office area could establish a very short peak demand of 20 kW or greater
for one month it would automatically be shifted to the demand rate, and
could likely benefit from the lower cost per kWh on that rate.

3.8 UTILITY INCENTIVES AND REBATES

Many utility rate structures include incentives and rebates for custom-
ers to replace old, energy inefficient equipment with newer, more energy
efficient models. Utilities offer such incentives and rebates because it is
cheaper for them to save the energy and capacity for new customers than
it is to build new power plants or new gas pipelines to supply that
additional load. In addition, stringent environmental standards in some
areas makes it almost impossible for electric utilities to build and operate
new facilities—particularly those burning coal. Helping customers install
more energy efficient electrical and gas equipment allows utilities to delay
the need for new facilities, and to reduce the emissions and fuel purchases
for the units they do operate.

Direct incentives may be in the form of low interest loans that can be
paid back monthly with energy savings resulting from the more efficient
equipment. Incentives may also be in the form of lower rates for the
electricity used to run higher efficiency lights and appliances, and more
efficient process equipment. Other incentives include free audits from the
utilities and free technical assistance in identifying and installing these
energy efficiency improvements.

Indirect incentives also exist, and are often in the form of a special rate
for service at a time when the utility is short of capacity, such as a time of
day rate or an interruptible rate. The time of day rate offers a lower cost of
electricity during the off-peak times, and often also during the off-season



128 Guide to Energy Management

times. Interruptible rates allow large use customers to purchase electricity
at very low rates with the restriction that their service can be interrupted
on short notice. (See Section 3.1.9 for a discussion of interruptible and
curtailable loads.)

Rebates are probably the most common method that utilities use to
encourage customers to install high efficiency appliances and process
equipment. Utilities sometimes offer a rebate tied to the physical device—
such as $1.00 for each low-wattage fluorescent lamp used or $10.00 per
horsepower for an efficient electric motor. Other rebates are offered for
reductions in demand—such as $250 for each kW of demand that is
eliminated. Metering or other verification techniques may be needed to
insure that the proper kW reduction credit is given to the customer. The
load management rate structure shown in Figure 3-7 is a form of rebate for
residential customers.

Incentives or rebates can substantially improve the cost effectiveness
of customer projects to replace old devices with new, high efficiency
equipment. In some cases, the incentives or rebates may be great enough
to completely pay for the difference in cost in putting in a high efficiency
piece of equipment instead of the standard efficiency model. Subsequent
chapters provide additional discussion and examples of utility incentives
and rebates, and how they affect equipment replacement decisions.

3.9 ELECTRIC UTILITY COMPETITION AND DEREGULATION

Within a short time of the passage of the national Energy Policy Act
of 1992 (EPACT), electric utility interest in DSM programs and levels of
rebates and incentives began to decline. EPACT contained a provision
that mandated open transmission access—that is, requiring competing
utilities to open up their transmission systems to wholesale transactions
and wholesale wheeling of power between utilities. EPACT left the issue
of retail access—or retail wheeling—in the hands of individual state regu-
latory agencies. However, EPACT left no doubt that utility deregulation
and competition was coming. Within two years of the passage of EPACT,
a dozen or more states were actively pursuing retail wheeling experi-
ments or retail wheeling legislation.

Utilities quickly began to restructure their businesses, and began
massive cost reductions. The utilities were preparing for becoming the
“lowest cost supplier” to their customers, and they feared that some other
utility might have lower costs and could eventually capture many of their
largest and most lucrative customers. DSM programs were scaled back by
most utilities, and were eliminated by others. Rebates and incentives were
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reduced or eliminated by many utilities, as these were perceived as unnec-
essary costs and activities in the face of the coming deregulation and retail
wheeling. A number of utilities have kept their rebates or incentives, so
some of these are still available.

Utility restructuring initially proceeded at a fast pace in those states
with high electricity prices, and at a much slower pace in states with low
prices. California, New York and Massachusetts had some of the most
advanced restructuring plans as of early 1997. California had a restruc-
tured competitive market by March 1, 1998. New York had wholesale
competition in early 1997 and retail access in early 1998. Massachusetts
had retail choice in January 1998. Vermont was not far behind.

However, events of 2000 and 2001 greatly dampened the enthusiasm
for restructuring or deregulation, when western state energy price spikes
and shortages occurred. Several energy supply companies were found to
have created artificial shortages and supply restrictions. As a result, many
states delayed, suspended or repealed their legislation and rules on cus-
tomer choice of their electric supplier. In September 2001, California sus-
pended its retail access policy, and is not expected to have a replacement
policy until the time frame of 2006-2008. Even talk of federal "re-regula-
tion" has been common.

However, eventually, many of the same marketing features avail-
able for years in deregulated natural gas purchasing will become available
for purchasers of electric power. These include the use of brokers, power
marketers and risk managers. The brokers will arrange for the purchase of
power for customers and the purchase and sale of power for customers
who are self-generators. Power marketers will purchase the rights to
certain amounts of electric power and will then re-sell it to other purchas-
ers. Risk managers will basically sell futures contracts to help purchasers
achieve stable longer-term prices.

This eventual move to deregulation and retail wheeling will have a
significant effect on future electricity prices for all large customers. Prices
will decline for all large customers, and will decline significantly for many
larger facilities. Instead of projecting higher electric costs in the future,
these customers should be projecting lower costs. Medium-sized custom-
ers should also see cost reductions. The impact on small customers—
particularly residential customers—is still unknown in most cases. Some
will also see lower prices, but some are likely to actually experience price
increases.

In the near term, some energy managers for larger and medium-
sized organizations may find themselves more involved with utility pro-
grams to provide lower cost electricity than with programs to save energy
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and demand. Some energy efficiency projects may even have to wait for
approval until the final economic analysis can be calculated with the new
cost of electricity. However, when the pricing of electricity settles down to
its final range in the near future, energy managers will find themselves
back in the previous business of finding ways to implement new equip-
ment and processes to save energy and demand.

3.10 SUMMARY

In this chapter we analyzed rate schedules and costs for electricity in
detail. We also examined rates and costs for natural gas, coal, fuel oil,
steam, and chilled water. A complete understanding of all the rate sched-
ules is vital for an active and successful energy management program.

In the past, few managers have understood all of the components of
these rate schedules, and very few have even seen their own rate sched-
ules. The future successful manager will not only be familiar with the
terms and the schedules themselves, but he or she will also likely work
with utilities and rate commissions toward fair rate-setting policies.
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Chapter 4

Economic Analysis and
Life Cycle Costing*

4.1 INTRODUCTION

Once an energy management opportunity (EMO) has been identi-
fied, the energy manager must determine the cost-effectiveness of the
EMO in order to recommend it to management for implementation, and
to justify any capital expenditure for the project. If a group of EMOs have
been identified, then they should be ranked on some economic basis, with
the most cost-effective ones to be implemented first. There are many
measures of cost-effectiveness, and sometimes businesses and industries
use their own methods or procedures to make the final decisions. The
basic elements of cost-effectiveness analysis are discussed in this chapter
and some of the common techniques or measures of cost-effectiveness are
presented. The emphasis in this chapter is on techniques which use the
time value of money, and which calculate the life cycle cost (LCC) of the
project, which in our case is the total cost of purchasing and operating a
piece of energy consuming equipment or process over its entire lifespan.

The chapter begins by discussing the various types of costs that a
project can incur. Section 4.2 discusses “simple” economic analysis meth-
ods. Sections 4.3-4.7 develop and discuss material fundamental to the
concept of the time value of money and discounted cash flow analysis.
Section 4.8 presents decision making based on the time value of money.
Sections 4.9 and 4.10 present fundamental life cycle cost concepts, and
demonstrate the ease with which they can be applied in evaluating capital
investments for energy-related projects. Incorporating taxes and inflation
into an economic analysis is discussed in sections 4.11 and 4.12, and
potential sources of capital are discussed in section 4.13. A final section on
the use of computer software to aid in decision making concludes the
chapter.

*This chapter was substantially revised and updated by Dr. Camille DeYong, Department of
Industrial Engineering and Management, Oklahoma State University.
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42 COSTS

Organizations incur various types of costs. These are generally clas-
sified into two broad categories: expenses, and capital investments. Ex-
penses are the routine, ongoing costs that are necessary for conducting
business or operations. Capital investments have four important charac-
teristics. First, they are relatively large, ranging from several thousand to
several million dollars, depending on the size of the organization. Second,
the benefits of a capital investment are returned over the lifetime of the
investment, which is typically several years. Third, capital investments
are relatively irreversible. After the initial investment has been made,
altering the project significantly, or terminating the project, has substan-
tial (usually negative) implications. Fourth, capital investments can have
significant tax implications, depending on the choice of financing meth-
ods [1].

4.2.1 Categories of Costs for Capital Investments

The costs incurred for a capital investment can almost always be
placed in one of the following categories: acquisition, utilization, and
disposal. Acquisition costs are the initial, or first, costs which are neces-
sary to prepare the investment for service. These costs include the pur-
chase price, installation costs, training costs, and charges for engineering
work that must be done, permits that must be obtained, or renovations
that must be made before the project can be started.

Methods for estimating acquisition costs range from using past ex-
perience, to obtaining more precise estimates from vendors, catalogs and
databases. The desired accuracy of the estimate depends on where the
data will be used. If the data is being collected for determining the feasibil-
ity of the project, approximations may be sufficient. If the data is being
collected to obtain financing, the estimates must be as accurate as possible.

Utilization costs are those required on a routine basis for operating
and maintaining the investment. These include energy, maintenance and
repair. Utilization costs can be direct or indirect. Direct costs include labor
and materials for routine repair and maintenance. Indirect costs are the
costs not directly attributable to the project but necessary for conducting
business. Energy costs are usually included in this category. Indirect costs
are also often referred to as “overhead.” Examples of indirect costs in-
clude salaries for staff personnel, janitorial costs, and cleaning supplies.
Estimates for utilization costs can be obtained from databases or profes-
sional experience.

Our primary interest is in finding energy related costs and perform-



Economic Evaluation 133

ing the economic analysis for evaluating which energy projects represent
good investments, and should be implemented. So far we have looked at
the general process for conducting an energy audit to determine the
energy sources and costs at our facility. It is necessary to have all of the
energy bills and to know the rate structure for understanding how our
facility is charged for use of those energy sources. Finally, we must have
some degree of knowledge of new equipment, processes and technologies
that can replace existing ones to save energy and reduce energy costs. The
techniques in the following chapters present this information for lighting,
air conditioning, motors, boilers and steam systems, insulation and con-
trol systems. Using this information the energy manager can determine
potential EMOs and can perform the energy analysis to come up with the
energy costs and savings of the various alternatives.

Disposal costs are those incurred (or recovered) when the project has
reached the end of its useful life. These are costs required to retire or
remove the asset. These costs are often referred to as the salvage value if
the project has a positive worth at the end of its lifetime. The actual
salvage value may depend on many factors, including how well the asset
was maintained and the market for used equipment. Estimates for dis-
posal costs/benefits are often obtained from experienced judgments and
current values of such used equipment.

4.2.2 Cash Flow Diagrams and Tables

It is often helpful to present costs visually. This can be accomplished
with a tool called a cash flow diagram. Alternatively a cash flow table
could be used. A cash flow diagram is a pictorial display of the costs and
revenues associated with a project. An interest rate or discount rate can
also be shown. Costs are represented by arrows pointing down, while
revenues are represented by arrows pointing up. The time periods for the
costs dictate the horizontal scale for the diagram. Although some costs
occur at different points in time, most of the time, an end-of-year ap-
proach is sufficient. This chapter will use end-of-year cash flows for all
analyses.

Figure 4-1 is a cash flow diagram to look at the costs and benefits of
purchasing a heat pump. The costs/benefits associated with the heat
pump are:

e The heat pump costs $10,000 initially

*  The heat pump saves $2,500 per year in energy costs for 20 years
e The maintenance costs are $500 per year for 20 years

*  The estimated salvage value is $500 at the end of 20 years.
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Figure 4-1. Cash Flow Diagram
Costs can also be listed in a tabular format as illustrated in Table 4-1.

Table 4-1. Cash flow in tabular form

End of Year (EQY) Cash Flow
0 —$10,000
1-19 $2,500 — $500 = $2,000
20 $2,500 — $500 + $500 = $2,500

4.3 SIMPLE PAYBACK PERIOD COST ANALYSIS

One the most commonly used cost analysis methodologies is the
Simple payback Period (SPP) analysis. Also called the Payback Period
(PBP) analysis, the SPP determines the number of years required to re-
cover an initial investment through project returns. The formula is:

SPP = (Initial cost)/ (Annual savings) (4-1)

Example 4.1

The heat pump discussed above has an initial cost of $10,000, an
energy savings of $2,500 per year, and a maintenance cost of $500 per year.
Thus, the net annual savings is $2,000. Therefore, its SPP would be
($10,000)/($2,000/yr) = 5 years.
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The advantage of the SPP is its simplicity, and it is easily understood
by workers and management. It does provide a rough measure of the
worth of a project. The primary disadvantages are: 1) the methodology
does not consider the time value of money; and 2) the methodology does
not consider any of the costs or benefits of the investment following the
payback period. No specific lifetime estimate of the project is required, but
it is assumed that the lifetime is longer than the SPP. These limitations
mean the SPP tends to favor shorter-lived projects, a bias that is often
economically unjustified. However, using the SPP in conjunction with one
of the discounted cash flow methodologies discussed later in this chapter
can provide a better understanding of an investment’s worth.

44 ECONOMIC ANALYSIS USING THE TIME VALUE
OF MONEY: DISCOUNTED CASH FLOW ANALYSIS

4.4.1 Introduction

Most people understand that money changes value over time. If a
person is offered $1,000 today, or $1,000 in one year, almost everyone
would choose the $1,000 today. The decision-maker clearly places higher
value on money today. This decision occurs for a variety of reasons,
including how much the person needs the money, but a primary factor is
the recognition that $1,000 today is worth more than $1,000 will be worth
in one year.

The change in worth is due to two primary factors: interest (opportu-
nity cost) and inflation. Interest is the return earned on money when
someone else uses it. If $1,000 were deposited in a bank or invested in a
financial instrument (stock, mutual fund, bond, etc.), then in one year, an
amount greater than $1,000 would be available for withdrawal. Inflation
is a decrease in the purchasing power of money. In other words, $1,000
will buy more at a store today than it will in one year. Inflation is dis-
cussed in greater detail in Section 4.12 and will not be incorporated into
our economic analyses until that time. The effects of both interest and
inflation are important to consider in a full economic analysis of energy
projects.

Energy management expenditures are typically justified in terms of
avoided energy costs. Expenses come at the beginning of a project, while
savings/benefits occur later. The sums of money for costs and revenues
that need to be compared are paid or received at different points in time.
Because money changes value over time, these sums of money, or cash
flows, should not be directly added together unless they occur at the same point



136 Guide to Energy Management

in time. In order to correctly add these cash flows at different times, we
need to reduce them to a common basis through the use of the interest
rate, also called the discount rate. This method of treatment is called
discounted cash flow analysis, and first requires us to understand the
mathematics of interest and discounting.

4.4.2 The Mathematics of Interest and Discounting
Two factors affect the calculation of interest: the amount and the
timing of the cash flows. The basic formula for calculating interest is:

F,=P+1, (4-2)
where: F, = afuture cash flow of money at the end of the nth year

P = apresent cash flow of money

I, = theinterest accumulated over n years

n = the number of years between P and F

Interest is stated as a percentage rate that is to be paid for the use of
the money for a time period, usually years. Although interest rates can
have other compounding periods, this chapter will be limited to yearly
interest, and end of year cash flows, for simplicity. A good discussion of
interest and cash flows occurring more frequently is available in Thuesen
[2]. The term “discount rate” is used to reflect the fact that future sums of
money must be discounted by the interest rate to find their initial starting
values, or present values. The discount rate is often company-specific. It
must be supplied by the company accounting department or corporate
accounting level, and is usually known for evaluating investments in new
product lines or new facilities. This interest rate is often referred to as the
Minimum Attractive Rate of Return (MARR).

4.4.3 Simple Interest

There are two primary types of interest: simple and compound.
Simple interest is earned (charged) only on the original principal amount,
and paid once, at the end of the time period. The formula is:

I = Pxnxi, where

I = the interest accumulated over n years

P = the original principal amount

n = the number of interest periods (often measured in years)
i = the interest rate per period

The general formula for the total amount owed or due at the end of a
loan (investment) period of n years when using simple interest is:
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F, = P+1
= P+Pxnxi
=P(+nxi) (4-3)
Example 4.2

The ABC Corporation wants to borrow $10,000 for 5 years at a
simple interest rate of 18% /year. How much interest would be owed on
the loan?

I =Pxnxi
($10,000)(5 years)(.18/ year)
= $9,000

The total amount owed at the end of the 5 years would be the principal,
$10,000 plus the interest, $9,000, for a total of $19,000.

4.4.4 Compound interest

Interest which is earned (charged) on the accumulated interest as
well as the original principal amount is said to be compounded. In other
words, the interest which accumulates at the end of the first interest
period is added to the original principal amount to form a new principal
amount due at the end of the next period. The power (or penalty) of
compound interest is illustrated in Table 4-2.

Table 4-2. Compound interest

A B=ixA C=A+B
Amount owed at | Interest owed at Total amount
Year | the beginning of | the end of the year owed at the end of
the year the year
1 p P xi P+Pxi
$10,000 $10,000 x.18 = $1,800 | $11,800
2 P+Pxi (P + P xi) xi
$11,800 $11,800 x.18 = $13,924
$2,124
3 $13,924 $13,924 x.18 = $16,430
$2506
4 $16,430 $2957 $19,387
5 $19,387 $3490 $22,877
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The effect of compound interest is pronounced. When using simple
interest, the amount owed at the end of the loan period for the principal
amount of $10,000 was $19,000. With compound interest, the amount
owed at the end of the same loan period is $22,877. Clearly, a borrower
would prefer simple interest, but a lender would prefer compound inter-
est. Since compound interest is used far more commonly in practice than
simple interest, the remainder of this chapter uses compound interest.

Formulas for calculating compound interest have been derived for
several patterns of cash flows. These formulas are discussed later in this
chapter.

4.5 DISCOUNTED CASH FLOWS:
BASICS AND SINGLE SUM ANALYSES

Once we understand the effects of interest or discounting from Sec-
tion 4.4, we can proceed with our goal of finding a method which correctly
allows the addition of two cash flows occurring at different points in time.
The general approach used is to reduce cash flows occurring at different
times to a common basis through the use of the interest rate or discount
rate. This method of treatment is called discounted cash flow analysis, and
it is a fundamental approach that is necessary to use to correctly account for
energy costs and savings in different years.

This section presents the formulas and compound interest factors
used to convert a sum of money from its value in one time period to its
corresponding value in another time period. In this chapter, interest is
assumed to be compounded annually, and cash flows are assumed to
occur at the end of the year. The following notation will be used:

i = Annual interest rate (or discount rate. Also known as the
minimum attractive rate of return or MARR)

n = The number of annual interest periods (in our case, the
number of years)

P = A present value (or present worth)

A = Asingle payment in a series of n equal annual payments

F = A future value (or future worth)

As stated in Thuesen [2], four important points apply in the use of
discounted cash flow analysis:

1)  The end of one year is the beginning of the next.
2)  Pisatthe beginning of a year at a time regarded as being the present.
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3) Fis at the end of the nth year from a time regarded as being the
present.

4)  An A occurs at the end of each year of the period under consider-
ation.
When P and A are involved, the first A of the series occurs one year
after P.
When F and A are involved, the last A of the series occurs simulta-
neously with F.

4.5.1 Single sum, future worth

The first task is to determine how to convert a single sum of money
from a present amount to a future amount. This is similar to asking the
question “If I borrow $5,000 at 10% interest for five years, how much will I
owe at the end of the five years?” In this problem, the present amount, P,
and the interest rate are known. The unknown is the future amount, F. The
formula for finding F is:

F = P(1+i)" (4-4)

The term (1+i)" is one of the six compound interest factors that are
commonly used and tabulated. It is known as the single sum, future
worth factor, or the single payment, future worth factor. The term is also
known as the factor (F/P;,), which is read: find F, given P, at i% for n
periods (years in our case). It is also often referred to as the “F given P”
factor. Both formulas and the compound interest factors will be presented
in this chapter, although the factors will be used for most computations.

All compound interest factors are in the same format: (a/b,),
where:

= unknown quantity—read as “Find a”

known quantity—read as “Given b”

= known interest rate—read as “Ati”

= known number of time periods (usually years)—read as
“For n periods of time”

S5 o
Il

See Table 4-3 for a summary of the formulas, factors, and sample cash
flows for various combinations of finding P, F and A.

Although we are only discussing yearly interest and yearly time
periods in this chapter, it is important to note that other interest periods
can occur, such as quarterly. If this is the case, the interest period and the time
period must match.
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Since the compound interest factors are used extensively in Dis-
counted Cash Flow analysis, numerical tables have been developed for
various combinations of i and n. See Table 4-4 for an illustration of the
table for i = 10%, with n ranging from 1 to 20 years. This table will be used
in the examples in this section. Appendix A contains tables for interest
rates other than 10%. Also, any engineering economic analysis text will
have tables for a wider range of interest rates.

Table 4-3. Formulas and Factors for P, F, and A

Single Payment Compound Amount:

To Find F
oy Given P (F/P,in) F=P1 + )"
l) Present Worth:
To Find P
Given F (P/E,in) P=F(1+i)™
””Z"’Z‘ S‘Z "‘*SA ., To Find F (14i)-1
T T T T /|~ Given A (F/A,in) F=A le
To Find A 4
. . A=F 1
Given F (A/Fin) 7(1 R i)n 1
A A A A A - .
To Find A . N
l T T T T T Given P (A/Pin) A=P m
+i)" -
P To Find P 11+,)n .
Given A (PlAin) P-4 ((11;
i(1+1

Example 4.3

If $5,000 was deposited in an account that paid 10% interest annu-
ally, how much would be in the account at the end of five years?

For this problem,

P = $5,000
i = 10%
n = byears
F =7
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Using Equation 4.4,
F =5,000(1 + .10)° = $8,053
or using the F/P factor and Table 4-4, withi=10% and n =5,
F = 5,000(F/P10,5) = 5,000(1.611) = $8,055
The difference in the two answers is due to the rounding of the (F/P)
factor in the tables, and is usually not significant.

4.5.2 Single sum, present worth

Using the formula for future worth (equation 4.4), the formula for
finding the present worth of a single sum is found by solving for P. Thus,
the single sum, present worth formula, or single payment, present worth
formula, is:

P =F(1 +i)™ (4.5)

The term (1 + i)™ is called the present worth factor, (P/F; ), which is
read: find P, given F, at i% for n periods (years).

Example 4.4

An energy manager expects a boiler to last 7 years, and he thinks it
will cost about $150,000 to replace at that time. How much money should
the company deposit today in an account paying 10% per year in order to
have $150,000 available in 7 years?

For this problem:

F = $150,000
i=10%
n =7 years
P=7
Using Equation 4.5,
P = $150,000(1.1)~7 = $76,974
Using the present worth factor (P/Fyg7) and Table 4-4,
P= $150,000(P/F10/7) =$150,000(0.5132) = $76,980

4.6 DISCOUNTED CASH FLOWS: UNIFORM SERIES

The next type of cash flow pattern to understand is a uniform series
of costs or savings. A uniform series is a cash flow pattern with cash flows
that are of the same magnitude, occurring at the end of several consecu-
tive periods. We will be using years for our periods. Examples of uniform
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Table 4-4. Interest Factors fori=10%

Single Sums Uniform Series Gradient Series

ToFindF  ToFindP ToFindF ToFind A ToFindP ToFindA ToFindP ToFind A
Given P Given F Given A Given F Given A Given P Given G Given G

n (FIP,i%n) (PIFi%n) (FIAi%n) (AlIFi%mn) (PI1Ai%n) (AIPi%n) (PIGi%mn) (AlG,i%n)
1 1.1000 0.9091 1.0000 1.0000 0.9091 1.1000 0.0000 0.0000
2 1.2100 0.8264 2.1000 0.4762 1.7355 0.5762 0.8264 0.4762
3 1.3310 0.7513 3.3100 0.3021 2.4869 0.4021 2.3291 0.9366
4 1.4641 0.6830 4.6410 0.2155 3.1699 0.3155 4.3781 1.3812
5 1.6105 0.6209 6.1051 0.1638 3.7908 0.2638 6.8618 1.8101
6 1.7716 0.5645 7.7156 0.1296 4.3553 0.2296 9.6842 2.2236
7 1.9487 0.5132 9.4872 0.1054 4.8684 0.2054 12.7631 2.6216
8 2.1436 0.4665 11.4359 0.0874 5.3349 0.1874 16.0287 3.0045
9 2.3579 0.4241 13.5795 0.0736 5.7590 0.1736 19.4215 3.3724

10 2.5937 0.3855 15.9374 0.0627 6.1446 0.1627 22.8913 3.7255
11 2.8531 0.3505 18.5312 0.0540 5.4951 0.1540 26.3963 4.0641
12 3.1384 0.3186 21.3843 0.0468 6.8137 0.1468 29.9012 4.3884
13 3.4523 0.2897 24.5227 0.0408 7.1034 0.1408 33.3772 4.6988
14 3.7975 0.2633 27.9750 0.0357 7.3667 0.1357 36.8005 4.9955
15 41772 0.2394 31.7725 0.0315 7.6061 0.1315 40.1520 5.2789
16 4.5950 0.2176 35.9497 0.0278 7.8237 0.1278 43.4164 5.5493
17 5.0545 0.1978 40.5447 0.0247 8.0216 0.1247 46.5819 5.8071
18 5.5599 0.1799 45.5992 0.0219 8.2014 0.1219 49.6395 6.0526
19 6.1159 0.1635 51.1591 0.0195 8.3649 0.1195 52.5827 6.2861

20 6.7275 0.1486 57.2750 0.0175 8.5136 0.1175 55.4069 6.5081

21 7.4002 0.1351 64.0025 0.0156 8.6487 0.1156 58.1095 6.7189

22 8.1403 0.1228 71.4027 0.0140 8.7715 0.1140 60.6893 6.9189

23 8.9543 0.1117 79.5430 0.0126 8.8832 0.1126 63.1462 7.1085

24 9.8497 0.1015 88.4973 0.0113 8.9847 0.1113 65.4813 7.2881

25 10.8347 0.0923 98.3471 0.0102 9.0770 0.1102 67.6964 7.4580

26 11.9182 0.0839 109.1818  9.159E-03 9.1609 0.1092 69.7940 7.6186

27 13.1100 0.0763 121.0999  8.258E-03 9.2372 0.1083 71.7773 7.7704

28 14.4210 0.0693 134.2099  7.451E-03 9.3066 0.1075 73.6495 7.9137

29 15.8831 0.0630 148.6309  6.728E-03 9.3696 0.1067 75.4146 8.0489

30 17.4494 0.0573 164.4940  6.079E-03 9.4269 0.1061 77.0766 8.1762

36 30.9127 0.0323 299.1268  3.343E-03 9.6765 0.1033 85.1194 8.7965

42 54.7637 0.0183 537.6370 1.860E-03 9.8174 0.1019 90.5047 9.2188

48 97.0172 0.0103 960.1723 1.041E-03 9.8969 0.1010 94.0217 9.5001

54 171.8719  5.818E-03  1.709E+03  5.852E-04 9.9418 0.1006 96.2763 9.6840

60 304.4816  3.284E-03  3.035E+03  3.295E-04 9.9672 0.1003 97.7010 9.8023

66 539.4078 1.854E-03  5.384E+03 1.857E-04 9.9815 0.1002 98.5910 9.8774

72 955.5938  1.046E-03  9.546E+03  1.048E-04 9.9895 0.1001 99.1419 9.9246

120 9.271E+04  1.079E-05 9.271E+05  1.079E-06 9.9999 0.1000 99.9860 9.9987

180 2.823E+07  3.543E-08  2.823E+08  3.543E-09 10.0000 0.1000 99.9999 10.0000

360 7968E+14  1.255E-15 7.968E+15  1.255E-16 10.0000 0.1000 100.0000 10.0000

series of costs are car payments, house payments, or any other type of

regular payment. Most of our energy management projects, or EMOs,

produce a uniform series of savings in future energy costs.
Four types of “conversions” will be addressed:

1)  Given a present amount, find the equivalent uniform series. This is
known as find A, given P, and is denoted by the factor (A/P; ).

2)  Given a future amount, find the equivalent uniform series. This is
known as find A, given F, and is denoted by the factor (A/F; ).

3) Given a uniform series, find the equivalent present worth. This is
known as find P, given A, and is denoted by the factor (P/A; ;).
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4)  Given a uniform series, find the equivalent future worth. This is
known as find F, given A, and is denoted by the factor (F/ A ;).

Formulas for all series conversions are given in Table 4-3. Additional
compound interest factors will be used in the examples, since the series
formulas are more complex than earlier formulas. Examples of each type
of series conversion follow.

Example 4.5

An energy manager has $5,000 available today to purchase a high
efficiency air conditioner with a life of six years. She would like to know
what energy cost savings would be needed each year to justify this project
if the company MARR is 10%.

P = $5,000
i =10%
n==o6
A =7
This problem is the first type of conversion: find A, given P. Therefore:
A = $5,000(A/Pyoe)
= $5,000(.2296)
— 61,148

Thus, if the air conditioner produces annual energy cost savings of $1148
or greater, the company will earn its MARR at the least. If the savings is
greater than $1148, the actual rate of return will be greater than 10%.

Example 4.6

A heat pump is expected to produce energy cost savings of $1,500
per year over a lifetime of 20 years. What is the equivalent present sum or
present worth for this series of cash flows, if the company MARR is 10%?

A = $1,500
i=10%
n = 20
P=27

This is the find P, given A problem.
P =$1,500(P/ A 10, 20) = $1,500(8.5136) = $12,770

This $12,770 is the worth in today’s dollars of the series of annual savings
over 20 years. It could also be considered as the incremental cost that
could be paid for the heat pump compared to an electric resistance heater,
and still produce a rate of return of 10% on the investment.
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Example 4.7

A company needs to begin saving money for the new boiler in
example 4.4. The company will make a deposit each year for 7 years to a
savings account paying 10% annually. How large should the annual de-
posits be if they want to have $150,000 in the bank in 7 years?

F = $150,000
i = 10%
n=>7
A =7
This problem is characterized as a find A, given F problem.
A = $150,000(A/Fyg7)
= $150,000(.1054)
= $15,810
Example 4.8

A high efficiency lighting project for a company is saving $10,000 a
year in energy costs. If that $10,000 a year is deposited into an energy
management savings account paying 10%, how much money will be
available in 5 years to use to replace an old chiller with a new, high
efficiency model?

A = $10,000
i=10%
n=>5
F="7?

This is the find F, given A problem.

F = $10,000 (F/A10,5)
$10,000 (6.105)
$61,050
By placing the $10,000 a year energy cost savings into an account that
earns 10% interest, the company will have $61,050 to spend on the next
project in five years.

4.7 A COST ANALYSIS METHODOLOGY
USING DISCOUNTED CASH FLOWS

It is important to have a methodology to follow when performing a
discounted cash flow analysis. This chapter recommends the following
methodology for performing economic analyses using discounted cash
flows:

1.  Define the alternatives. State the problem, and list all feasible solu-
tions or alternatives which have been selected for economic analysis.
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2. Estimate the relevant costs. Each alternative from step 1 is defined
in terms of its cash flows. Vital information includes the amount,
timing, and direction (benefit or cost) of each cash flow.

3. Analyze the alternatives. Identify the most cost-effective alternative
by analyzing each alternative using the discounted cash flow meth-
odologies described later in this chapter.

4. Perform sensitivity analyses. Since the analysis above is generally
based on estimated costs, these costs can be varied, depending on
the uncertainty of the estimates, to see if the uncertainties have a
pronounced effect.

The three pieces of data needed for the above methodology are 1) an
estimate of the cash flows, 2) an estimate of the interest rate or discount
rate, and 3) an estimate of the life of the project.

4.7.1 Estimation of cash flows

Sources of data for estimates of the cash flows of acquisition costs,
utilization costs and disposal costs were discussed in section 4.2.1. Pur-
chase cost estimates are generally obtained from sales personnel, or they
can also be based on past experience. Operating and maintenance cost
(and savings) estimates can also be based on past experience, from analy-
ses performed by the energy manager, or they can be obtained from
vendors, although these are not always accurate. If the costs involve
building-related repair and maintenance, the Unit Price Standards Hand-
book of the U.S. Department of Defense is a good source [3]. This book
gives labor-hour estimates by craft, and specifies materials and special
equipment needed for each task. Another source for this information is
Sack [4]. Salvage value estimates are often based on experience, and
communication with vendors.

4.7.2 Interest rate

The interest rate, or discount rate, is a company-specific or organiza-
tion-specific value. It must be supplied by the company, or corporate,
accounting department, and is usually the value the company uses for
evaluating investments. The magnitude of the discount rate depends on
the source of capital which will be used to finance the project. If money
must be borrowed (debt capital), the discount rate is likely to be higher
than if company funds (equity capital) are to be used. The discount rate is
often known as the Minimum Attractive Rate of Return (MARR).

4.7.3 Lifetime
Estimates for the lifetime of projects are often difficult to obtain, but
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can usually be found by contacting vendors, or using estimates based on
experience. Lifetimes for energy-using equipment can often be found in
the ASHRAE Fundamentals Handbook [5]. The lifetime of a project is also
referred as the “study period” in economic analysis.

4.7.4 Equivalence of cash flows

Once the concept of converting money from one time period to
another is understood, then a method is needed to compare sums of
money which are paid or received at different points in time. To accom-
plish this, cash flows are “moved around” in time using a discount rate, or
MARR, and then compared. If two cash flows have the same present
value, future value, or annual worth, they are said to be equivalent. In
economic analysis, “equivalence” means “the state of being equal in
value.” Normally, the concept of equivalence is applied to two or more
cash flows. The choice of time period is arbitrary. In other words, if two
sums of money with the same MARR are found to be equivalent at one
point in time, they will be equivalent at any other.

Example 4.9

Is the sum $1000 today equivalent to $1331 three years from today at
10% interest?
Solution:
Compare the values at t = 0 (using present value or present worth):

PV(1) = $1,000

PV(2) = $1331 (P/Fyg3) = $1331(.7513) = $1,000
Therefore, they are equivalent at 10%.

Making decisions between cash flow profiles for different projects
where the cash flows occur at different times requires using the equiva-
lence of cash flows to make comparisons.

4.8 COST EFFECTIVENESS MEASURES USING
DISCOUNTED CASH FLOWS

The goal of this section is to present methods that help energy
managers, or other decision makers, determine whether a project is eco-
nomically feasible or cost effective. Multiple methodologies exist for de-
ciding whether a project is worth pursuing. Section 4.3 discussed the
simple payback period. Because this method does not consider the time
value of money, SPP should be used in combination with a method that
explicitly considers the time value of money.
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We cover five economic decision making methods which consider
the time value of money in this section: present worth, future worth,
annual worth, benefit/ cost ratio or savings to investment ratio, and inter-
nal rate of return. We present a single example throughout this section so
the reader can see the consistency of decisions which are made using these
methodologies.

Example 4.10

A single zone heating unit is being used in a small office building. A
variable air volume system retrofit can be purchased and installed for a
cost of $100,000. The retrofit system is estimated to save 450,000 kilowatt
hours per year for its economic life of 10 years. The company uses a
MARR of 10%. If the company pays $0.06 per kWh for electricity, and the
system will have a salvage value of $500 at the end of its life, should the
new system be purchased?

The cash flow table for this example is shown below, in tabular form.

EOY Cash flow
0 —$100,000
1 450,000 kWh ($0.06 / kWh = $27,000
2 $27,000
3 $27,000
4 $27,000
5 $27,000
6 $27,000
7 $27,000
8 $27,000
9 $27,000
10 $27,000 + 500 = $27,500

4.8.1 Present Worth, Future Worth, and Annual Worth

A present worth comparison converts all the cash flows to a present
worth value; a future worth comparison converts all the cash flows to a
future value at a common future time (usually at the end of the study
period, in this case End Of Year 10); and an annual worth analysis con-
verts all the cash flows to a uniform annual series over the study period
(in this case, 10 years).

There are three different cash flow patterns in example 4.10: the
initial cost, the annual savings, and the salvage value. Each of these is
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converted using the compound interest factors discussed earlier. Costs
carry a negative sign, while benefits carry a positive sign.

The decision rules for present worth, future worth, and annual
worth are the same: a positive PW, FW or AW indicates the project is
economically feasible and cost effective for a given MARR. It is important
to note that the three measures are economically equivalent. This means
that if the AW value were converted to either FW or PW, the same
numerical value for FW or PW would be obtained. The reader is encour-
aged to verify this statement using the factors. The ultimate result is that
only one of these three measures needs to be calculated. However, differ-
ent organizations and different people have their own preferences for
which of these methods to use. Since all three are in fairly common use,
the authors have chosen to discuss each of the three methods.

The first method finds the present worth of the project using the P/ A
factor to find the equivalent cash flow of a series of $27,000 annual savings
for 10 years with a 10% MARR, and the P/F factor to discount the $500
salvage value in year 10 to the present—the start of year 1. The project cost
of $100,000 is a present value since it must be paid at the start of the
project.

PW = —$100,000 + $27,000(P/A10, 10) + $500(P/F10[10)
=-$100,000 +$27,000(6.1446) + $500(0.3856)
=$66,097

Since the present value of the benefits of the project exceed the present
value of the cost by $66,097, this is a highly cost-effective project.

The second method finds the future worth by calculating the equiva-
lent cash flows at the end of year 10. The F/P factor is used to move the
$100,000 cost to a value at the end of year 10, and the F/ A factor is used to
find the equivalent future value of the series of $27,000 annual savings
over the project’s 10-year life. The $500 salvage value is already based at
the end of year 10, so it can be added in directly.

FW = —$100,000(F/P10/10) + $27,000(F/A10,10) + $500
=-$100,000(2.594) + $27,000(15.937) +$500
=$171,399

The positive future worth of the project also confirms that it is a cost-
effective EMO.

The third method reduces the initial cost and the salvage value to
equivalent uniform annual amounts over the life of the project. The A/P
factor is used for the cost and the A /F factor is used for the salvage value.
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AW = -$100,000(A /P19 10) + $27,000 + $500(A / F1910)
=-$100,000(0.1628) + $27,000 + $500(0.0628)
=$10,751

Even after discounting the savings at a 10% MARR, there is still a net
savings of $10,751 per year from implementing this new VAV system.

Since the PW, FW, and AW are all positive, this indicates the project
should be pursued, from an economic standpoint.

4.8.2 Benefit/Cost Ratio, or Savings/Investment Ratio

A benefit/cost ratio (BCR), also known as a savings/investment
ratio (SIR), calculates the present worth of all benefits, then calculates the
present worth of all costs, and takes the ratio of the two sums. The BCR or
SIR is another alternative economic decision-making criterion. It is fa-
vored by some organizations including parts of the U.S. Government and
Military—especially the Army Corps of Engineers. A careful definition of
“benefits” and “costs” is important. Benefits are defined to mean all the
advantages, less any disadvantages, to the users. Costs are defined to
mean all costs, less any savings, that will be incurred by the sponsor. With
these definitions, a salvage value would reduce the costs for the sponsor,
rather than increase the benefits for the user. (For a complete discussion of
Benefit/Cost in the public sector, see Thuesen [2]).

BC(i) = Equivalent benefits / Equivalent costs (4.6)

A benefit/ cost ratio greater than one is necessary for the project to be
cost-effective. For our example, the only cost is the initial cost, which
already occurs at the start of the project, so it is already a present worth.
The salvage value of $500 would serve to reduce the costs. One “benefit”
occurs, the annual savings. Note that the ratio is explicitly defined as
benefits divided by costs, so the sign on both values in the benefit/cost
ratio will be positive.

The calculations required for this example are:

PW of Annual savings = $27,000(P/ A1g,10) = $27,000(6.1446)
=$165,900
PW of salvage value = $500(P/Fyq10) = $500(0.3856) = $193

PW of total benefits
PW of total costs
Benefit/cost ratio

$165,900
$100,000 — $193 = $99,807
$165,900/$99,807 = 1.66

Since the benefit/ cost ratio is greater than one, the project is economically
attractive. Some organizations set a low value of the discount rate or



150 Guide to Energy Management

MARR, and then require a minimum BCR or SIR of 1.25 to 1.5 to identify a
project as cost effective.

4.8.3 Internal Rate of Return

A final method in this section is to base a project decision on the
Internal Rate of Return or IRR of the project. IRR is defined to be that value
of the interest rate or discount rate that makes the present worth of the
costs of a project equal to the present worth of the benefits of the project. If
the computed IRR is greater than the MARR for an organization, the
project is cost effective. Many private organizations prefer the IRR
method since it produces a rate of return to compare to their MARR that
they have already established.

Continuing with the data in Example 4.10, the equation to solve for
IRR in this case is:

$100,000 = $27,000 (P/ A; 10) + $500 (P /F; 10)
The value of I which makes this equation balance is called the IRR, and
can be found using a financial calculator, a computer program, or by trial
and error with our standard tables. Since the present worth of the salvage
value is going to be quite small, we can start by solving;:

$100,000 = $27,000 (P/ A; 10)

(P/ Ay 10) = 100,000 (27,000) = 3.7037

The next step is to look through the tables of P/ A factors with n=10 to find
the value of the P/ A factor closest to 3.7037. For i=25%, the P/ A factor is
3.5705; for i=20%, the P/ A factor is 4.1925. Thus, the value of I, or IRR, is
around 24%. This is quite close to the correct answer.

The actual solution for IRR is found using an economic analysis
computer program, and is 23.8%. Since the company has a MARR of 10%,
the 23.8% rate of return indicates this project is an excellent investment.

4.9 LIFE CYCLE COSTING

The life cycle cost (LCC) for a project or a piece of equipment is its
total cost of purchase and operation over its entire service life. This total
cost includes the costs of acquisition, operation including energy costs,
maintenance and disposal. Most of these costs occur at some future time
beyond the purchase date, and must be analyzed using the time value of
money. Thus, the discounted cash flow analysis presented in sections 4.4
to 4.8 form a fundamental part of the LCC analysis.
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Many businesses and organizations still use economic analysis
methods that do not include all costs, and do not use the time value of
money. The Simple Payback Period, or SPP, method is commonly used by
businesses and other organizations, but it is not a life cycle cost analysis
method. Some organizations still make purchase decisions based on low-
est initial costs and do not consider the operating and maintenance costs
at all. Costs that occur after the project or equipment are purchased and
installed are ignored. This omission can create a very inaccurate view of
the economic viability of a project in many cases. Use of LCC can lead to
more rational purchase decisions, and can often lead businesses to higher
profits.

For all federal facilities—and many state government facilities—the
direction is very clear. Congress and the President, through executive
order, have mandated energy conservation goals for federal buildings,
and required that these goals be met using cost-effective measures. The
primary criterion mandated for assessing the effectiveness of energy con-
servation investments in federal buildings is the minimization of life cycle
costs. Thus, it is important for all energy managers or energy analysts who
deal with federal and state facility projects to understand life cycle cost-
ing.

4.10 LCC DECISION MAKING
AMONG MULTIPLE ALTERNATIVES

Most life cycle analyses involve choosing between more than one
alternative. Therefore, a simple methodology for making valid economic
comparisons between alternatives is necessary. This section uses the
present worth method for this comparison. Several other methodologies
exist, including future worth, annual worth, internal rate of return, and
benefit/ cost. Future worth and annual worth are economically equivalent
to present worth, and can be interchanged if desired. Internal rate of
return and benefit/cost methods require an “incremental” approach to
make valid comparisons between projects. See White, Agee and Case for
additional information [6]. In addition, multiple solutions for the value of
IRR can occur depending on the form of the cash flow. Since present
worth is considered the standard against which other methods are
judged, present worth is recommended.

The Federal Energy Management Program (FEMP) prescribes the
use of a present value based measure of worth in performing LCC analy-
ses. All cash flows must be brought to a single, present-day baseline. In
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addition, the maximum study period for federal energy conservation
projects is 25 years from the date of occupancy. Therefore, the study
period should be the lesser of 25 years, the life of the building, or the life of
the system. In any case, the study period must be the same for all alterna-
tives under consideration.

The LCC method using present worth, when applied properly, al-
lows the analyst to compare projects with different cash flows occurring at
different times. The present worth of the total costs of each alternative is
calculated, and the alternative with the lowest LCC is selected. If multiple
projects can be selected, then the projects can be ranked by LCC and the
project with the next lowest LCC can also be selected.

The present worth analysis in life cycle costing has two important
requirements. First, when comparing multiple alternatives, different
pieces of equipment may have different lifetimes. In this case, a common
“study period” must be chosen so that all alternatives are considered over
the same time line. There are four choices for this common time line. They
are: shortest life, longest life, least common multiple of the two lives, and
an arbitrary choice.

If shortest life is used, a salvage value must be estimated for the
longer lived alternatives. If longest life is used, shorter lived alternatives
are assumed to be repeatable. If the least common multiple life is used,
projects with lives of 3 years and 5 years would be compared over a 15-
year study period. Both projects would have to be repeatable. An arbitrary
choice results in possibly having to assume both repeatability, and a
salvage value. The critical point is that all projects must be compared over
the same time horizon.

The second important requirement of the analysis is that the interest
rate used (MARR) must be the same for all alternatives.

Example 4.11

An energy efficient air compressor is proposed by a vendor. The
compressor will cost $30,000 installed, and will require $1,000 worth of
maintenance each year for its life of 10 years. Energy costs will be $6,000
per year. A standard air compressor will cost $25,000 and will require
$500 worth of maintenance each year. Its energy costs will be $10,000 per
year. If your company uses a MARR of 10%, would you invest in the
energy efficient air compressor?

Alternative 1: Energy efficient air compressor
Alternative 2: Standard air compressor
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Cash flows:

EOY Alternative 1 Alternative 2
0 $30,000 $25,000
1 $1,000 + $6,000 = $7,000 $500 + $10,000 = $10,500
2 $7,000 $10,500
3 $7,000 $10,500
4 $7,000 $10,500
5 $7,000 $10,500
6 $7,000 $10,500
7 $7,000 $10,500
8 $7,000 $10,500
9 $7,000 $10,500

10 $7,000 $10,500

(Note: In a Life Cycle Cost Analysis, all cash flows are costs, and the signs
are ignored.)

Analysis:

LCC(Alt 1) = $30,000 +$7,000(P/A10,10)
=$30,000 + $7,000(6.1446)
=$73,012

LCC(AIt2) = $25,000 + $10,500(P/ A1g,10)
= $25,000 + $10,500(6.1446)
— $89,518

The decision rule for LCC analysis is to choose the alternative with the
lowest LCC. Since Alternative 1 has the lowest LCC, it should be chosen.

4.11 TAXES AND DEPRECIATION

Depreciation and taxes can have a significant effect on the life cycle
analysis of energy projects, and should be considered for all large-scale
projects for organizations that pay taxes. Depreciation is not a “cash
flow,” but it is considered a business expense by the government, and
therefore, lowers taxable income. The effect is that taxes are reduced, and
taxes are a cash flow.

Tax laws and regulations are complex and intricate. A detailed treat-
ment of tax considerations as they apply to life cycle analysis is beyond
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the scope of this chapter, and generally requires the assistance of a tax
professional. A high level summary of important considerations follows.
The focus is on Federal corporate income taxes, since they apply to most
decisions in the U.S., and have general application. The reader is encour-
aged to consult a tax accountant, or tax lawyer, for specific advice. It
should be noted that the principles discussed can apply to tax consider-
ations in other countries, as well.

4.11.1 Depreciation

Depreciation is a recognition that assets decrease in value over time.
Depreciation deductions are an attempt to account for this reduction in
value. These deductions are called depreciation allowances. To be depre-
ciable, an asset must meet three primary conditions: 1) it must be held by
the business for the purpose of producing income, 2) it must wear out, or
be consumed in the course of its use, and 3) it must have a life longer than
one year.

Multiple methods for calculating depreciation have been allowed in
the past. These include straight line, sum of the years digits, declining
balance, and the Accelerated Cost Recovery System (ACRS). The depre-
ciation method used depends on when an asset was placed in service.
Assets placed in service before 1981 use straight line, sum of the year’s
digits, or declining balance. Assets placed in service between 1981 and
1986 use the Accelerated Cost Recovery System (ACRS). Assets placed in
service after 1986 use the Modified Accelerated Cost Recovery System
(MACRS). This chapter will discuss the current (MACRS) depreciation
methodology.

MACRS depreciation allowances are a function of 1) the asset’s
“property class” (a life defined by the government), and 2) the asset’s
“cost basis” (purchase price plus any costs required to place the asset into
service). Note that the salvage value is not used when calculating depre-
ciation using MACRS. Also, the property class “life” may have little
relationship to the actual anticipated life of the asset.

Eight property classes are defined for assets which are depreciable
under MACRS. Table 4-5 shows the eight classes, and gives some ex-
amples of property that falls into each class. Professional tax guidance is
recommended to determine the MACRS property class for a specific asset.

Tables for calculating the MACRS allowances are published by the
government. These percentages are based on declining balance, switching
to straight line, for most property classes. The real property classes are
depreciated using straight line. The depreciation percentages for 3-year, 5-
year, and 7-year property are shown in Table 4-6.
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Table 4-5. MACRS property classes

Property class Example assets

3-year property Special material handling devices and spe-
cial tools for manufacturing

5-year property Automobiles; light and heavy trucks; com-
puters, copiers.

7-year property Office furniture, fixtures, property that does
not fall in other classes

10-year property Petroleum refining assets, assets used in
manufacturing of certain food products

15-year property Telephone distribution equipment; munici-
pal water and sewage treatment plants

20-year property Municipal sewers, utility transmission lines
and poles
27.5-year residential Apartment buildings and rental houses
rental property

31.5-year non-residential | Business buildings
real property

Table 4-6. MACRS percentages for 3-, 5-, and 7-year property

Year 3-year 5-year 7-year
1 33.33% 20% 14.29%
2 44.45% 32% 24.49%
3 14.81% 19.2% 17.49%
4 7.41% 11.52% 12.49%
5 11.52% 8.93%
6 5.76% 8.93%
7 8.93%
8 4.46%
Example 4.12

Calculate the depreciation allowance in year 4 for an asset which is
5-year MACRS property, and has a cost basis of $10,000.
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Depreciation = Cost Basis x MACRS %
=$10,000 x .1152 = $1,152

4.11.2 Federal Income Taxes

Federal taxes are determined based on a tax rate multiplied by a
taxable income. The tax rate depends on the corporation’s income range,
and varies from 15% to 39% of taxable income (as of December 1996).
Taxable income is calculated by subtracting allowable deductions from
gross income. Allowable deductions include salaries and wages, materi-
als, interest payments, and depreciation, as well as other “costs of doing
business.”

The recommended analysis in this chapter is to use After Tax Cash
Flows (ATCF) when comparing alternatives. The calculation of taxes
owed, and the ATCF, requires knowledge of:

e Before Tax Cash Flows (BTCF), the net project cash flows before tax
considerations.

e  Total loan payments incurred by the project, including a breakdown
of principal and interest components of the payments.

e  Total bond payments incurred by the project, including a break-
down of the redemption and interest components of the payments;
and

e Depreciation deductions attributable to the project.

Once the above information has been determined, the ATCF is calculated
in the following way:

Taxable income = BTCF-Loan interest-Bond interest-Depreciation
Taxes = Taxable income (Tax Rate
ATCF = BTCF-Total loan payments-Total bond payments-Income taxes

All economic evaluation procedures are then applied to the After Tax
Cash Flow.

4.12 INFLATION

One of the fundamental principles supporting a life cycle cost analy-
sis is the recognition that dollars change value over time. There are two
primary reasons for this. First is the “opportunity cost,” or the interest loss
that is incurred when dollars are not invested. The second reason is
inflation. Inflation is the term for the loss in purchasing power of a dollar
over time, and should be accounted for in any life cycle analysis.
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4.12.1 Terminology

Several additional terms must be defined before the term inflation
can be explained clearly. They are:
Constant dollars—Constant dollars reflect the purchasing power (not
face value) of the cash flow. These dollars are generally stated in relation
to purchasing power at some base year, for example, 1990 dollars.
Current dollars—These are the out-of-pocket dollars that will actually
change hands at any point in time. In other words, if a person visits a store
in ten years, current dollars will be the amount a check is written for.
However, the value of the items in the cart if purchased today (1997
dollars) would be the constant dollar amount.
Inflation rate (f)—Rate published by the government; based on the Con-
sumer Price Index.
Real interest rate (j)—The amount of real growth in the earning power of
money. This is also known as the inflation-free interest rate.
Market interest rate (i)—Opportunity to earn as reflected by the rates of
interest available in finance and business. This rate contains both the
inflation effect and the real earning power effect. This is the interest rate
quoted by banks and other financial institutions.

The mathematical relationship between market interest rate, the
inflation rate, and the real interest rate is:

i=f+j+fxj (4.7)

The key to proper analysis under inflation is to match the type of
cash flow with the proper interest rate. If cash flows are estimated in
current dollars, there are two effects contained in the cash flows: inflation,
and real earning power. Therefore, the market interest rate, which in-
cludes both effects, is used to discount the cash flows. If cash flows are
estimated in constant dollars, they do not contain inflation effects, and the
real (inflation-free) interest rate should be used.

Type of Dollars Interest rate to use
Current (actual) i = combined (market) interest rate
Constant worth j = inflation-free interest rate

A current cash flow can be converted to a constant worth cash flow
by removing the inflation effect. This is the same principle as discounting
any cash flow, and finding the present worth. The equation to be used is:

Constant $ = (Current $) /(1 + f)» (4.8)
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where f is the inflation rate and n is the number of years between the “base
year” (usually the present), and the time the money is to be spent. In the
same way, constant dollars can be converted to current dollars by multi-
plying the constant dollars by the inflation effect.

Current $ = (Constant $) ((1 + )" (4.9)

It should be noted that most energy commodities, such as electricity,
inflate at a different rate than the overall inflation rate quoted by the
government. This rate is called the escalation rate, k. In this case, equa-
tions 4.7, 4.8 and 4.9 can still be used, with k substituted for the inflation
rate, f. Energy escalation rates are quoted by region, end-use sector, and

fuel type.

Example 4.14
A company has energy costs of $25,000 a year for the next three
years. The cost of energy is subject to escalation, and the energy cost
escalation rate is 25%. The company’s real discount rate is 4%. Find the
present worth (PW) of the energy costs using a) constant dollars and b)
current (actual) dollars.
a) Constant dollar analysis
The constant dollar cash flow is $25,000/ yr for 3 years. Using the real
interest rate of 4% to discount the constant dollar cash flow, we obtain:
PW(constant $) = $25,000(P/F, ;) + $25,000(P/Fy ) + $25,000(P/F, 3)
= $25,000(1.04)! + $25,00(1.04)2 + $25,000(1.04)3
=$24,038 + $23,114 + $22,225
=$69,377
b) Current (actual) dollar analysis
Two quantities must be calculated before the current (actual) dollar
analysis can be performed, 1) the current (actual) dollar cash flow, and 2)
the combined interest rate which will be used to discount the current
(actual) dollar cash flow.

Current (actual) dollars Constant dollars (1 + escalation rate)®

Current (actual) $ (yr1) = $25,000(1.25)! =$31,250

Current (actual) $ (yr2) = $25,000(1.25)? =$39,063

Current (actual) $ (yr3) = $25,000(1.25)3 = $48,828

Combined interest rate = .04 + .25 + (.04)(.25) = .30 or 30%

PW (current/actual $) = $31,250(P/F30,1) + $39,063(P/F30,)
+ $48,828(P/F30/3)

$31,250(1.30)1 + $39,063(1.30)-2
+ $48,828(1.30)3

=$24,038 + $23,114 + $22,225
=$69,377
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Note that the PW obtained using either method is the same. This will
always be true if the method is properly applied. Thus, it does not matter
whether a constant dollar, or current (actual) dollar analysis is used.

4.13 ENERGY FINANCING OPTIONS

Once an energy management opportunity is found to be economi-
cally attractive, the next step is to obtain financing to implement the
project. Many facilities find it difficult to obtain this financing. In fact, lack
of financing is a primary reason EMOs are not implemented. There are,
however, a number of methods available for paying for the energy effi-
ciency improvements, and the energy manager should be prepared to
present these at the same time he/she presents the EMO. The following is
a brief description of some of these options, and their costs.

4.13.1 In-house Capital

Historically, in-house capital, or internal financing, has been the
most common way companies finance their EMOs. With this method, the
company uses funds available within the organization to finance the
project. The cost of using these funds is the return rate that could have
been obtained if these funds had been invested elsewhere. If a company
does not have sufficient in-house capital available, they may choose to use
another financing option.

4.13.2 Utility Rebates/Incentives

Some utility companies offer rebates or other incentives to help their
customers reduce the initial cost of an EMO. Typical offerings include:

Rebates—The rebate is the most common utility incentive. The util-
ity reimburses the company for a portion of the cost of implementing an
EMO. Rebates may be based on load reduction ($/kW), or based on a
fixed dollar amount for each energy-efficient product purchased ($/item).

Recently, many utilities have canceled or reduced their rebate pro-
grams. However, due to the newly competitive electricity market, dis-
counts from utilities may become common again.

Direct Utility Assistance—Some utilities pay the installing contrac-
tor part or all of the cost of the EMO. Other utilities provide the energy
efficiency products or services directly to the customer through utility
personnel or through contractors selected by the utility.

Low Interest Loans—Some utilities offer low-interest financing for
EMOs. The loan payments may be added to the customer’s utility bill.
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4.13.3 Debt Financing/Loans

Commercial lending institutions: If internal funds are not available,
or are limited to funding only a small percentage of the EMOs, commer-
cial lending is another option. Often, loan payments are less than the
monthly savings generated from the EMO. The cost of the financing
method is the interest rate the bank charges for lending the money, and
must be included in the implementation cost analysis.

Government loans/Bonds: Some states make loans and bonds avail-
able to small businesses to help them reduce their energy consumption.
For example, the state of Florida has a loan program called the Florida
Energy Loan Program (FELP). To qualify for a FELP loan, the company
must have 200 employees, or less, and must have made a profit for the last
two consecutive years.

4.13.4 Leases

Leasing is a very popular financing option. In 1995, leasing ac-
counted for almost one-third of all equipment utilization. In energy
project financing, the monthly lease payment will usually be less than the
monthly avoided energy cost, or energy savings; this will result in a
positive cash flow.

Capital leases are essentially installment purchases. Little or no
initial capital outlay is required to purchase the equipment. The company
is considered the owner of the equipment and may take deductions for
depreciation and for the interest portion of payments to the lessor. Capital
leases are offered by banks, leasing companies, installation contractors,
suppliers, and some utilities.

Operating leases are slightly different. In this case, the lessor owns
the equipment and leases it to the company for a monthly fee during the
contract period. The lessor claims the tax benefits associated with the
depreciation of the equipment. At the end of the contract term the com-
pany can elect to purchase the equipment at fair market value (or for some
pre-determined amount), renegotiate the lease, or have the equipment
removed.

4.13.5 Performance Contracts
(Shared Savings, ESCO, Guaranteed Savings)

For companies who do not have funds available in-house, this en-
ergy financing option can be quite attractive. The basis for this type of
financing is quite simple: the avoided energy cost resulting from the
increased energy efficiency of the new equipment pays for the equipment.
However, the company must be sure the economic analysis has been done
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correctly, and must monitor the new equipment to see that it is being used
properly.

Performance contracting can be simple if the project involves some-
thing like a straight-forward lighting retrofit, where the cost savings can
be accurately estimated. In most cases, the cost and risk of the project is
largely taken by the contractor, but the user must relinquish a certain
amount of control. Also, there are many factors to be considered which
will require in-house expertise. Nevertheless, performance contracting is
an option that should be considered carefully because of the benefits it can
bring if done right.

Shared savings: Shared savings financing offers many of the advan-
tages of operating leases. This option is particularly useful to businesses
that do not have the capital to pursue needed energy projects. Like all
energy financing options, shared savings is based on using the energy cost
savings in the existing energy budget to pay for the project. The shared
savings company is usually responsible for the engineering study, energy
and economic evaluation, purchase and installation, and maintenance.
The customer pays a percentage (50%) of the savings to the shared savings
company for a specified period of time (5-10 years).

Performance contract for energy services: This is a variation of a
shared savings program. The energy service company (ESCO) contracts
with the customer to provide certain energy services, such as providing
specific levels of heating, cooling, illumination, and use of equipment for
other purposes. The ESCO then takes over the payment of the utility bills
that are directly related to the energy services provided.

Insurance guarantee of energy savings: This approach is promoted
by some equipment manufacturers and contractors. It consists of an
agreement to ensure that the periodic energy cost savings from the en-
ergy-efficient equipment will exceed an established minimum dollar
value. Often, the minimum guaranteed savings value is set equal to the
financing payment value for the same period in order to ensure a positive
cash flow during the financing term. The company’s risk is minimized
with this option, but the cost increases because it includes the cost of an
indirect insurance premium.

4.14 LIFE CYCLE COSTING SOFTWARE

The advent of the computer age has significantly helped the practi-
tioner performing life cycle cost analysis. Spreadsheets, such as Microsoft
Excel, Lotus 1-2-3, or Quattro Pro, have built in functions which calculates
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economic values automatically. Users should read the definition of any
built-in-function carefully, in order to make certain it is performing the
desired calculation.

A common life cycle costing software program is “Building Life
Cycle Cost” (BLCC), which is distributed through the National Institute of
Standards and Technology. This package was written for governmental
agencies who must perform life cycle cost analyses that conform to gov-
ernment standards.

BLCC was designed to provide an economic analysis of capital in-
vestments that reduce future costs. It focuses on energy conservation in
buildings. Potential users include federal, state, and local governments, as
well as private sector users.

BLCC is menu-driven. Data requirements fall under three catego-
ries: general assumptions, capital investment data, and operation-related
data.

General Capital Operation-
Assumptions Investment Data related Data
Analysis type | Initial cost Annual recurring operating

and maintenance costs

Base data Capital replacements Non-annual recurring oper-
ation and maintenance costs

Service data Residual values Energy consumption & cost
data
Study period Escalation rates Discount rate

BLCC provides two report types, one for individual project alterna-
tives, and another for comparative analysis. The individual project report
provides an input data listing, a LCC analysis, both detailed and sum-
mary, and a yearly cash flow analysis. The comparative analysis provides
a listing of all LCCs for all alternatives, with the lowest LCC flagged, as
well as comparative economic measures.

The software provides an efficient and effective method to perform
the last step in the analysis methodology, a sensitivity analysis. Sensitivity
analysis refers to determining how “sensitive” a solution is to changes in
the inputs. Since many of the cash flows and interest rates are based on
estimates, these estimates can be varied easily to see if minor changes
affect the solution.
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For more information about software, contact:

BLAST—Blast Support Office, University of Illinois, Dept. of Mechanical
and Industrial Engineering, 140 Mechanical Engineering Building, 1206
W. Green Street, Urbana, IL 61801; (800)UI-BLAST or (217)333-3977
ASEAM—ASEAM Coordinator, ACEC Research & Management Foun-
dation, 1015 15th St., NW, Suite 802, Washington, D.C. 20005
BLCC—National Institute of Standards & Technology, Washington, D.C.

4.15 CONCLUSION

This chapter has discussed the fundamental methods needed to
perform basic economic evaluations and Life Cycle Cost assessments of
capital investment projects. Although the focus was on energy-related
projects, the concepts can be applied to any investment. Life Cycle Cost
methodology provides a sound basis to analyze projects and make cost-
effective decisions.
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APPENDIX 4-A: COMPOUND INTEREST FACTORS

Time Value of Money Factors—Discrete Compounding
i=10%

Single Sums Uniform Series Gradient Series

ToFindF  ToFindP ToFindF ToFindA ToFindP ToFindA ToFindP  ToFind A
Given P Given F Given A Given F Given A Given P Given G Given G

n (FIP,i%mm) (PIF,i%mn) (FIA,i%mn) (AlFi%mn) (PlA,i%mn) (AlPi%mn) (PIGi%mn) (AlG,i%mn)
1 1.1000 0.9091 1.0000 1.0000 0.9091 1.1000 0.0000 0.0000
2 1.2100 0.8264 2.1000 0.4762 1.7355 0.5762 0.8264 0.4762
3 1.3310 0.7513 3.3100 0.3021 2.4869 0.4021 2.3291 0.9366
4 1.4641 0.6830 4.6410 0.2155 3.1699 0.3155 4.3781 1.3812
5 1.6105 0.6209 6.1051 0.1638 3.7908 0.2638 6.8618 1.8101
6 1.7716 0.5645 7.7156 0.1296 4.3553 0.2296 9.6842 2.2236
7 1.9487 05132 9.4872 0.1054 4.8684 0.2054 12.7631 2.6216
8 2.1436 0.4665 11.4359 0.0874 5.3349 0.1874 16.0287 3.0045
9 2.3579 0.4241 13.5795 0.0736 5.7590 0.1736 19.4215 3.3724

10 2.5937 0.3855 15.9374 0.0627 6.1446 0.1627 22.8913 3.7255
11 2.8531 0.3505 18.5312 0.0540 5.4951 0.1540 26.3963 4.0641
12 3.1384 0.3186 21.3843 0.0468 6.8137 0.1468 29.9012 4.3884
13 3.4523 0.2897 24.5227 0.0408 7.1034 0.1408 33.3772 4.6988
14 3.7975 0.2633 27.9750 0.0357 7.3667 0.1357 36.8005 4.9955
15 4.1772 0.2394 31.7725 0.0315 7.6061 0.1315 40.1520 5.2789
16 45950 0.2176 35.9497 0.0278 7.8237 0.1278 43.4164 5.5493
17 5.0545 0.1978 40.5447 0.0247 8.0216 0.1247 46.5819 5.8071
18 5.5599 0.1799 45.5992 0.0219 8.2014 0.1219 49.6395 6.0526
19 6.1159 0.1635 51.1591 0.0195 8.3649 0.1195 52.5827 6.2861
20 6.7275 0.1486 57.2750 0.0175 8.5136 0.1175 55.4069 6.5081
21 7.4002 0.1351 64.0025 0.0156 8.6487 0.1156 58.1095 6.7189
22 8.1403 0.1228 71.4027 0.0140 8.7715 0.1140 60.6893 6.9189
23 8.9543 0.1117 79.5430 0.0126 8.8832 0.1126 63.1462 7.1085
24 9.8497 0.1015 88.4973 0.0113 8.9847 0.1113 65.4813 7.2881
25 10.8347 0.0923 98.3471 0.0102 9.0770 0.1102 67.6964 7.4580
26 11.9182 0.0839 109.1818  9.159E-03 9.1609 0.1092 69.7940 7.6186
27 13.1100 0.0763 121.0999 8.258E-03 9.2372 0.1083 71.7773 7.7704
28 14.4210 0.0693 1342099  7.451E-03 9.3066 0.1075 73.6495 7.9137
29 15.8831 0.0630 148.6309 6.728E-03 9.3696 0.1067 75.4146 8.0489
30 17.4494 0.0573 164.4940  6.079E-03 9.4269 0.1061 77.0766 8.1762
36 30.9127 0.0323 299.1268 3.343E-03 9.6765 0.1033 85.1194 8.7965
42 54.7637 0.0183 537.6370  1.860E-03 9.8174 0.1019 90.5047 9.2188
48 97.0172 0.0103 960.1723 1.041E-03 9.8969 0.1010 94.0217 9.5001
54 171.8719  5.818E-03  1.709E+03  5.852E-04 9.9418 0.1006 96.2763 9.6840
60 304.4816 3.284E-03  3.035E+03 3.295E-04 9.9672 0.1003 97.7010 9.8023
66 539.4078 1.854E-03  5.384E+03 1.857E-04 9.9815 0.1002 98.5910 9.8774
72 955.5938  1.046E-03  9.546E+03  1.048E-04 9.9895 0.1001 99.1419 9.9246
120 9.271E+04 1.079E-05  9.271E+05 1.079E-06 9.9999 0.1000 99.9860 9.9987
180 2.823E+07  3.543E-08  2.823E+08  3.543E-09 10.0000 0.1000 99.9999 10.0000

360 7.968E+14  1.255E-15  7.968E+15 1.255E-16 10.0000 0.1000 100.0000 10.0000
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Time Value of Money Factors—Discrete Compounding
i=12%
Single Sums Uniform Series Gradient Series
ToFindF  ToFindP ToFindF ToFind A ToFindP ToFindA ToFindP  ToFind A
Given P Given F Given A Given F Given A Given P Given G Given G

(FIP,i%,n)

(P1F,i%,n)

(F1A,i%mn)

(A1F,i%,n)

(P1A,i%,n)

(AIP,i%m)

(P1Gi%,n)

(A1G,i%,n)

1 1.1200 0.8929 1.0000 1.0000 0.8929 1.1200 0.0000 0.0000
2 1.2544 0.7972 2.1200 0.4717 1.6901 0.5917 0.7972 0.4717
3 1.4049 0.7118 3.3744 0.2963 2.4018 0.4163 2.2208 0.9246
4 1.5735 0.6355 4.7793 0.2092 3.0373 0.3292 4.1273 1.3589
5 1.7623 0.5674 6.3528 0.1574 3.6048 0.2774 6.3970 1.7746
6 1.9738 0.5066 8.1152 0.1232 4.1114 0.2432 8.9302 2.1720
7 2.2107 0.4523 10.0890 0.0991 4.5638 0.2191 11.6443 2.5515
8 2.4760 0.4039 12.2997 0.0813 4.9676 0.2013 14.4714 2.9131
9 2.7731 0.3606 14.7757 0.0677 5.3282 0.1877 17.3563 3.2574
10 3.1058 0.3220 17.5487 0.0570 5.6502 0.1770 20.2541 3.5647
11 3.4785 0.2875 20.6546 0.0484 5.9377 0.1684 23.1288 3.8953
12 3.8960 0.2567 24.1331 0.0414 6.1944 0.1614 25.9523 4.1897
13 4.3635 0.2292 28.0291 0.0357 6.4235 0.1557 28.7024 4.4683
14 4.8871 0.2046 32.3926 0.0309 6.6282 0.1509 31.3624 4.7317
15 5.4736 0.1827 37.2797 0.0268 6.8109 0.1468 33.9202 4.9803
16 6.1304 0.1631 42.7533 0.0234 1.1740 0.1434 36.3670 5.2147
17 6.8660 0.1456 48.8837 0.0205 7.1196 0.1405 38.6973 5.4353
18 7.6900 0.1300 55.7497 0.0179 7.2497 0.1379 40.9080 5.6427
19 8.6128 0.1161 63.4397 0.0158 7.3658 0.1358 42.9979 5.8375
20 9.6463 0.1037 72.0524 0.0139 7.4694 0.1339 44.9676 6.0202
21 10.8038 0.0926 81.6987 0.0122 7.5620 0.1322 46.8188 6.1913
22 12.1003 0.0826 92.5026 0.0108 7.6446 0.1308 48.5543 6.3514
23 13.5523 0.0738 104.6029  9.560E-03 7.7184 0.1296 50.1776 6.5010
24 15.1786 0.0659 118.1552  8.463E-03 7.7843 0.1285 51.6929 6.6406
25 17.0001 0.0588 133.3339  7.500E-03 7.8431 0.1275 53.1046 6.7708
26 19.0401 0.0525 150.3339  6.652E-03 7.8957 0.1267 54.4177 6.8921
27 21.3249 0.0469 169.3740  5.904E-03 7.9426 0.1259 55.6369 7.0049
28 23.8839 0.0419 190.6989  5.244E-03 7.9844 0.1252 56.7674 7.1098
29 26.7499 0.0374 214.5828  4.660E-03 8.0218 0.1247 57.8141 7.2071
30 29.9599 0.0334 2413327  4.144E-03 8.0552 0.1241 58.7821 7.2974
36 59.1356 0.0169 484.4631 2.064E-03 8.1924 0.1221 63.1970 7.7141
42 116.7231  8.567E-03 964.3595  1.037E-03 8.2619 0.1210 65.8509 7.9704
48 230.3908  4.340E-03  1.912E+03  5.231E-04 8.2972 0.1205 67.4068 8.1241
54 454.7505 2199E-03  3.781E+03  2.645E-04 8.3150 0.1203 68.3022 8.2143
60 897.5969 1114E-03  7.472E+03  1.338E-04 8.3240 0.1201 68.8100 8.2664
66 1.772E+03  5.644E-04  1476E+04  6.777E-05 8.3286 0.1201 69.0948 8.2961
72 3.497E+03  2.860E-04 2.913E+04  3.432E-05 8.3310 0.1200 69.2530 8.3127
120 8.057E+05  1.241E-06  6.714E+06  1.489E-07 8.3333 0.1200 69.4431 8.3332
180 7.232E+08  1.383E-09  6.026E+09  1.859E-10 8.3333 0.1200 69.4444 8.3333
360 5230E+17  1.912E-18 4.358E+18  2.295E-19 8.3333 0.1200 69.4444 8.3333
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Time Value of Money Factors—Discrete Compounding
i=15%

Single Sums Uniform Series Gradient Series

ToFindF  ToFindP ToFindF ToFind A ToFindP ToFindA ToFindP  ToFind A
Given P Given F Given A Given F Given A Given P Given G Given G

n (FIP,i%mn) (PIFi%m) (FIA,i%mn) (AlFi%mn) (PIA,i%mn) (AlPi%mn) (P1G,i%m) (A1G,i%mn)
1 1.1500 0.8696 1.0000 1.0000 0.8696 1.1500 0.0000 0.0000
2 1.3225 0.7561 2.1500 0.4651 1.6257 0.6151 0.7561 0.4651
3 1.5209 0.6575 3.4725 0.2880 2.2832 0.4380 2.0712 0.9071
4 1.7490 0.5718 4.9934 0.2003 2.8550 0.3503 3.7864 1.3263
5 2.0114 0.4972 6.7424 0.1483 3.3522 0.2983 5.7751 1.7228
6 2.3131 0.4323 8.7537 0.1142 3.7845 0.2642 7.9368 2.0972
7 2.6600 0.3759 11.0668 0.0904 4.1604 0.2404 10.1924 2.4498
8 3.0590 0.3269 13.7268 0.0729 4.4873 0.2229 12.4807 2.7813
9 3.5179 0.2843 16.7858 0.0596 4.7716 0.2096 14.7548 3.0922

10 4.0456 0.2472 20.3037 0.0493 5.0188 0.1993 16.9795 3.3832
11 4.6524 0.2149 24.3493 0.0411 5.2337 0.1911 19.1289 3.6549
12 5.3503 0.1869 29.0017 0.0345 5.4206 0.1845 21.1849 3.9082
13 6.1528 0.1625 34.3519 0.0291 5.5831 0.1791 23.1352 4.1438
14 7.0757 0.1413 40.5047 0.0247 5.7245 0.1747 24.9725 4.3624
15 8.1371 0.1229 47.5804 0.0210 5.8474 0.1710 26.6930 4.5650
16 9.3576 0.1069 55.7175 0.0179 5.9542 0.1679 28.2960 4.7522
17 10.7613 0.0929 65.0751 0.0154 6.0472 0.1654 29.7828 4.9251
18 12.3755 0.0808 75.8364 0.0132 6.1280 0.1632 31.1565 5.0843
19 14.2318 0.0703 88.2118 0.0113 6.1982 0.1613 324213 5.2307
20 16.3665 0.0611 102.4436  9.761E-03 6.2593 0.1598 33.5822 5.3651
21 18.8215 0.0531 118.8101  8.417E-03 6.3125 0.1584 34.6448 5.4883
22 21.6447 0.0462 137.6316  7.266E-03 6.3587 0.1573 35.6150 5.6010
23 24.8915 0.0402 159.2764  6.275E-03 6.3988 0.1563 36.4988 5.7040
24 28.6252 0.0349 184.1678  5.430E-03 6.4338 0.1554 37.3023 5.7979
25 32.9190 0.0304 212.7930  4.699E-03 6.4641 0.1547 38.0314 5.8834
26 37.8568 0.0264 2457120 4.070E-03 6.4906 0.1541 38.6918 5.9612
27 43.5353 0.0230 283.5688  3.526E-03 6.5135 0.1535 39.2890 6.0319
28 50.0656 0.0200 327.1041  3.057E-03 6.5335 0.1531 39.8283 6.0960
29 57.5755 0.0174 377.1697  2.651E-03 6.5509 0.1527 40.3146 6.1541
30 66.2118 0.0151 434.7451  2.300E-03 6.5660 0.1523 40.7526 6.2066
36 153.1519  6.529E-03  1.014E+03  9.859E-04 6.6231 0.1510 42.5872 6.4301
42 354.2495 2.823E.03  2.355E+03  4.246E-04 6.6478 0.1504 43.5286 6.5478
48 819.4007  1.220E-03  5.456E+03  1.833E-04 6.6585 0.1502 43.9997 6.6080
54 1.895E+03 5.276E.04 1263E+04  7.918E-05 6.6631 0.1501 44.2311 6.6382
60 4.384E+03  2.281E-04 2922E+04  3.422E-05 6.6651 0.1500 44.3431 6.6530
66 1.014E+04  9.851E-05 6.760E+04  1.479E-05 6.6660 0.1500 44.3967 6.6602
72 2.346E+04  4.263E-05  1.564E+05  6.395E-06 6.6664 0.1500 44.4221 6.6636
120 1.922E+07  5.203E-08  1.281E+08  7.805E-09 6.6667 0.1500 44.4444 6.6667
180 8.426E+10  1.187E-11  5.617E+11  1.780E-12 6.6667 0.1500 44.4444 6.6667

360 7.099E+21  1.409E-22  4.733E+22  2.113E-23 6.6667 0.1500 44.4444 6.6667
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Time Value of Money Factors—Discrete Compounding
i=20%
Single Sums Uniform Series Gradient Series
ToFindF  ToFindP ToFindF ToFind A ToFindP ToFindA ToFindP  ToFind A
Given P Given F Given A Given F Given A Given P Given G Given G

n

(FIP,i%,n)

(P1F,i%,n)

(F1A,i%mn)

(A1F,i%,n)

(P1Ai%m)

(AIP,i%m)

(P1Gi%,n)

(A1G,i%,n)

1 1.2000 0.8333 1.0000 1.0000 0.8333 1.2000 0.0000 0.0000
2 1.4400 0.6944 2.2000 0.4545 1.5278 0.6545 0.6944 0.4545
3 1.7280 0.5787 3.6400 0.2747 2.1065 0.4747 1.8519 0.8791
4 2.0736 0.4823 5.3680 0.1863 2.5887 0.3863 3.2986 1.2742
5 2.4883 0.4019 7.4416 0.1344 2.9906 0.3344 4.9061 1.6405
6 2.9860 0.3349 9.9299 0.1007 3.3255 0.3007 6.5806 1.9788
7 3.5832 0.2791 12.9159 0.0774 3.6046 0.2774 8.2551 2.2902
8 4.2998 0.2326 16.4991 0.0606 3.8372 0.2606 9.8831 2.5756
9 5.1598 0.1938 20.7989 0.0481 4.0310 0.2481 11.4335 2.8364
10 6.1917 0.1615 25.9587 0.0385 4.1925 0.2385 12.8871 3.0739
11 7.4301 0.1346 32.1504 0.0311 4.3271 0.2311 14.2330 3.2893
12 8.9161 0.1122 39.5805 0.0253 4.4392 0.2253 15.4667 3.4841
13 10.6993 0.0935 48.4966 0.0206 4.5327 0.2206 16.5883 3.6597
14 12.8392 0.0779 59.1959 0.0169 4.6106 0.2169 17.6008 3.8175
15 15.4070 0.0649 72.0351 0.0139 4.6755 0.2139 18.5095 3.9588
16 18.4884 0.0541 87.4421 0.0114 4.7296 0.2114 19.3208 4.0851
17 22.1861 0.0451 105.9306  9.440E-03 4.7746 0.2094 20.0419 4.1976
15 26.6233 0.0376 128.1167  7.805E-03 4.8122 0.2078 20.6805 4.2975
19 31.9480 0.0313 154.7400  6.462E-03 4.8435 0.2065 21.2439 4.3861
20 38.3376 0.0261 186.6880  5.357E-03 4.8696 0.2054 21.7395 4.4643
21 46.0051 0.0217 225.0256  4.444E-03 4.8913 0.2044 221742 4.5334
22 55.2061 0.0181 271.0307  3.690E-03 4.9094 0.2037 22.5546 4.5941
23 66.2474 0.0151 326.2369  3.065E-03 4.9245 0.2031 22.8867 4.6475
24 79.4968 0.0126 3924842  2.548E-03 4.9371 0.2025 23.1760 4.6943
25 95.3962 0.0105 471.9811 2.119E-03 4.9476 0.2021 23.4276 4.7352
26 114.4755 8.735E.03 567.3773  1.762E-03 4.9563 0.2018 23.6460 4.7709
27 137.3706 7.280E.03 681.8528  1.467E-03 4.9636 0.2015 23.8353 4.8020
28 164.8447  6.066E-03 819.2233  1.221E-03 4.9697 0.2012 23.9991 4.8291
29 1978136  5.055E-03 984.0680  1.016E-03 4.9747 0.2010 24-1406 4.8527
30 237.3763 ~ 4.213E-03  1.182E+03  8.461E-04 4.9789 0.2008 24.2628 4.8731
36 708.8019  1.411E-03  3.539E+03  2.826E-04 4.9929 0.2003 24.7108 4.9491
42 2.116E+03 ~ 4.725E-04  1.058E+04  9.454E-05 4.9976 0.2001 24.8890 4.9801
48 6.320E+03  1.582E-04  3.159E+04  3.165E-05 4.9992 0.2000 24.9581 4.9924
54 1.887E+04  5.299E-05  9.435E+04  1.060E-05 4.9997 0.2000 24.9844 4.9971
60 5.635E+04  1.775E-05 2.817E+05  3.549E-06 4.9999 0.2000 24.9942 4.9989
66 1.683E+05  5.943E-06 ~ 8.413E+05  1.189E-06 5.0000 0.2000 24.9979 4.9996
72 5.024E+05  1.990E-06  2.512E+06  3.951E-07 5.0000 0.2000 24.9992 4.9999
120 3.175E+09  3.150E-10 ~ 1.588E+10  6.299E-11 5.0000 0.2000 25.0000 5.0000
180 1.789E+14  5.590E-15 8.945E+14  1.118E-15 5.0000 0.2000 25.0000 5.0000
360 3.201E+28  3.124E-29  1.600E+29  6.249E-30 5.0000 0.2000 25.0000 5.0000
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Time Value of Money Factors—Discrete Compounding
i=25%

Single Sums Uniform Series Gradient Series

ToFindF  ToFindP ToFindF ToFind A ToFindP ToFindA ToFindP  ToFind A
Given P Given F Given A Given F Given A Given P Given G Given G

n (FIP,i%mn) (PIFi%m) (FIA,i%mn) (AlFi%mn) (PIA,i%mn) (AlPi%mn) (P1G,i%m) (A1G,i%mn)
1 1.2500 0.8000 1.0000 1.0000 0.8000 1.2500 0.0000 0.0000
2 1.5625 0.6400 2.2500 0.4444 1.4400 0.6944 0.6400 0.4444
3 1.9531 0.5120 3.8125 0.2623 1.9520 0.5123 1.6640 0.8525
4 2.4414 0.4096 5.7656 0.1734 2.3616 0.4234 2.8928 1.2249
5 3.0518 0.3277 8.2070 0.1218 2.6893 0.3718 4.2035 1.5631
6 3.8147 0.2621 11.2588 0.0888 2.9514 0-3388 5.5142 1.8683
7 4.7684 0.2097 15.0735 0.0663 3.1611 0.3163 6.7725 2.1424
8 5.9605 0.1678 19.8419 0.0504 3.3289 0.3004 7.9469 2.3872
9 7.4506 0.1342 25.8023 0.0388 3.4631 0.2888 9.0207 2.6048

10 9.3132 0.1074 33.2529 0.0301 3.5705 0.2801 9.9870 2.7971
11 11.6415 0.0859 42.5661 0.0235 3.6564 0.2735 10.8460 2.9663
12 14.5519 0.0687 54.2077 0.0184 3.7251 0.2684 11.6020 3.1145
13 18.1899 0.0550 68.7596 0.0145 3.7801 0.2645 12.2617 3.2437
14 22.7374 0.0440 86.9495 0.0115 3.8241 0.2615 12.8334 3.3559
15 28.4217 0.0352 109.6868 0.0091 3.8593 0.2591 13.3260 3.4530
16 35.5271 0.0281 138.1085 0.0072 3.8874 0.2572 13.7482 3.5366
17 44.4089 0.0225 173.6357  5.759E-03 3.9099 0.2558 14.1085 3.6084
18 55.5112 0.0180 218.0446  4.586E-03 3.9279 0.2546 14.4147 3.6698
19 69.3889 0.0144 273.5558  3.656E-03 3.9424 0.2537 14.6741 3.7222
20 86.7362 0.0115 342.9447  2.916E-03 3.9539 0.2529 14.8932 3.7667
21 108.4202 0.0092 429.6809  2.327E-03 3.9631 0.2523 15.0777 3.8045
22 135.5253 0.0074 538.1011 1.858E-03 3.9705 0.2519 15.2326 3.8365
23 169.4066 0.0059 673.6264  1.485E-03 3.9764 0.2515 15.3625 3.8634
24 211.7582 0.0047 843.0329  1.186E-03 3.9811 0.2512 15.4711 3.8861
25 264.6978 0.0038  1054.7912  9.481E-04 3.9849 0.2509 15.5618 3.9052
26 330.8722  3.022E-03  1319.4890  7.579E-04 3.9879 0.2508 15.6373 3.9212
27 413.5903  2.418E-03  1650.3612  6.059E-04 3.9903 0.2506 15.7002 3.9346
28 516.9879  1.934E-03  2063.9515  4.845E-04 3.9923 0.2505 15.7524 3.9457
29 646.2349  1.547E-03  2580.9394  3.875E-04 3.9938 0.2504 15.7957 3.9551
30 807.7936  1.238E-03  3.227E+03  3.099E-04 3.9950 0.2503 15.8316 3.9628
36 3081.4879  3.245E-04  1.232E+04  8.116E-05 3.9987 0.2501 15.9481 3.9883
42 1.175E+04  8.507E-05 4.702E+04  2.127E-05 3.9997 0.2500 15.9843 3.9964
48 4.484E+04  2.230E-05  1.794E+05  5.575E-06 3.9999 0.2500 15.9954 3.9989
54 1.711E+05  5.846E-06 ~ 6.842E+05  1.462E-06 4.0000 0.2500 15.9986 3.9997
60 6.525E+05  1.532E-06  2.610E+06  3.831E-07 4.0000 0.2500 15.9996 3.9999
66 2.489E+06 ~ 4017E-07  9.957E+06  1.004E-07 4.0000 0.2500 15.9999 4.0000
72 9.496E+06 ~ 1.053E-07  3.798E+07  2.633E-08 4.0000 0.2500 18.0000 4.0000
120 4.258E+11  2.349E-12  1.703E+12  5.871E-13 4.0000 0.2500 16.0000 4.0000
180 2.778E+17  3.599E-18  1.111E+18  8.998E-19 4.0000 0.2500 18.0000 4.0000

380 7.720E+34  1.295E-35 3.088E+35  3.238E-38 4.0000 0.2500 16.0000 4.0000
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Time Value of Money Factors—Discrete Compounding
i=30%

Single Sums Uniform Series Gradient Series

ToFindF  ToFindP ToFindF ToFind A ToFindP ToFindA ToFindP  ToFind A
Given P Given F Given A Given F Given A Given P Given G Given G

n (FIP,i%mn) (PIFi%m) (FIA,i%mn) (AlFi%mn) (PIA,i%mn) (AlPi%mn) (P1G,i%m) (A1G,i%mn)
1 1.3000 0.7692 1.0000 1.0000 0.7692 1.3000 0.0000 0.0000
2 1.6900 0.5917 2.3000 0.4348 1.3609 0.7348 0.5917 0.4348
3 2.1970 0.4552 3.9900 0.2506 1.8161 0.5506 1.5020 0.8271
4 2.8561 0.3501 6.1870 0.1616 2.1662 0.4616 2.5524 1.1783
5 3.7129 02693 9.0431 0.1106 2.4356 0.4106 3.6297 1.4903
6 4.8268 0.2072 12.7560 0.0784 2.6427 0.3784 4.6656 1.7654
7 6.2749 0.1594 17.1128 0.0569 2.8021 0.3569 5.6218 2.0063
8 3.1573 0.1226 23.8577 0.0419 2.9247 0.3419 6.4800 2.2156
9 10.6045 0.0943 32.0150 0.0312 3.0190 0.3312 7.2343 2.3963

10 13.7858 0.0725 42.6195 0.0235 3.0915 0.3235 7.8872 2.5512
11 17.9216 0.0558 56.4053 0.0177 3.1473 0.3177 8.4452 2.6833
12 23.2981 0.0429 74.3270 0.0135 3.1903 0.3135 8.9173 2.7952
13 30.2875 0.0330 97.6250 0.0102 3.2233 0.3102 9.3135 2.8895
14 39.3735 0.0254 127.9125 0.0078 3.2487 0.3078 9.6437 2.9685
15 51.1859 0.0195 167.2863 0.0060 3.2682 0.3060 9.9172 3.0344
16 66.5417 0.0150 218.4722 0.0046 3.2832 0.3046 10.1426 3.0892
17 86.5042 0.0116 235.0139  3.509E-03 3.2948 0.3035 10.3276 3.1345
18 112.4554 0.0089 371.5180  2.692E-03 3.3037 0.3027 10.4788 3.1718
19 146.1920 0.0068 483.9734  2.066E-03 3.3105 0.3021 10.6019 3.2025
20 190.0496 0.0053 630.1655  1.587E-03 3.3158 0.3016 10.7019 3.2275
21 247.0645 0.0040 820.2151  1.219E-03 3.3198 0.3012 10.7828 3.2480
22 321.1839 0.0031  1067.2796  9.370E-04 3.3230 0.3009 10.8482 3.2646
23 417.5391 0.024  1388.4635  7.202E-04 3.3254 0.3007 10.9009 3.2781
24 542.8008 0.0018  1806.0026  5.537E-04 3.3272 0.3006 10.9433 3.2890
25 705.6410 0.0014  2348.8033  4.257E-04 3.3286 0.3004 10.9773 3.2979
26 917.3333  1.090E-03  3054.4443  3.274E-04 3.3297 0.3003 11.0045 3.3050
27 11925333  8.386E-04  3971.7776 ~ 2.518E-04 3.3305 0.3003 11.0263 3.3107
28 1550.2933  6.450E-04  5164.3109  1.936E-04 3.3312 0.3002 11.0437 3.3153
29 2015.3813  4.962E-04  6714.6042  1.489E-04 3.3317 0.3001 11.0576 3.3189
30 2619.9956  3.817E-04  8.730E+03  1.145E-04 3.3321 0.3001 11.0687 3.3219
36 12646.2186  7.908E-05  4.215E+04  2.372E-05 3.3331 0.3000 11.1007 3.3305
42 6.104E+04  1.638E-05 2.035E+05  4.915E-06 3.3333 0.3000 11.1086 3.3326
48 2.946E+05  3.394E-06  9.821E+05  1.018E-06 3.3333 0.3000 11.1105 3.3332
54 1.422E+06  7.032E-07  4.740E+06  2.110E-07 3.3333 0.3000 11.1110 3.3333
60 6.864E+06 ~ 1.457E-07  2.288E+07  4.370E-08 3.3333 0.3000 11.1111 3.3333
66 3.313E+07  3.018E-08  1.104E+08  9.054E-09 3.3333 0.3000 11.1111 3.3333
72 1.599E+08  6.253E-09  5.331E+08  1.876E-09 3.3333 0.3000 111111 3.3333
120 4.712E+13  2.122E-14  1.571E+14  6.367E-15 3.3333 0.3000 11.1111 3.3333
180 3.234E+20  3.092E-21  1.078E+21  9.275E-22 3.3333 0.3000 11.1111 3.3333
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1.046E+41  9.559E-42  3.487E+41  2.868E-42 3.3333 0.3000 11.1111 3.3333
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Time Value of Money Factors—Discrete Compounding
i=40%

Single Sums Uniform Series Gradient Series

ToFindF  ToFindP ToFindF ToFind A ToFindP ToFindA ToFindP  ToFind A
Given P Given F Given A Given F Given A Given P Given G Given G

n (FIP,i%mn) (PIFi%m) (FIA,i%mn) (AlFi%mn) (PIA,i%mn) (AlPi%mn) (P1G,i%m) (A1G,i%mn)
1 1.4000 0.7143 1.0000 1.0000 0.7143 1.4000 0.0000 0.0000
2 1.9600 0.5102 2.4000 0.4167 1.2245 0.8167 0.5102 0.4167
3 2.7440 0.3644 4.3600 0.2294 1.5889 0.6294 1.2391 0.7798
4 3.8416 0.2603 7.1040 0.1408 1.8492 0.5408 2.0200 1.0923
5 5.3782 0.1859 10.9456 0.0914 2.0352 0.4914 23637 1.3580
6 7.5295 0.1328 16.3238 0.0613 2.1680 0.4613 3.4278 1.5811
7 10.5414 0.0949 23.8534 0.0419 2.2628 0.4419 3.9970 1.7664
a 14.7579 0.0678 34.3947 0.0291 2.3306 0.4291 4.4713 1.9185
9 20.6610 0.0484 49.1526 0.0203 2.3790 0.4203 4.8585 2.0422

10 28.9255 0.0346 69.8137 0.0143 2.4136 0.4143 5.1696 2.1419
11 40.4957 0.0247 98.7391 0.0101 2.4383 0.4101 5.4166 2.2215
12 56.6939 0.0176 139.2348 0.0072 2.4559 0.4072 5.6106 2.2845
13 79.3715 0.0126 195.9287 0.0051 2.4685 0.4051 5.7618 2.3341
14 111.1201 0.0090 275.3002 0.0036 2.4775 0.4036 5.8788 2.3729
15 155.5681 0.0064 386.4202 0.0026 2.4839 0.4026 5.9688 2.4030
16 217.7953 0.0046 541.9883 0.0018 2.4885 0.4018 6.0376 2.4262
17 304.9135 0.0033 759.7837  1.316E-03 2.4918 0.4013 6.0901 2.4441
18 426.8789 0.0023  1064.6971  9.392E-04 2.4941 0.4009 6.1299 2.4577
19 597.6304 0.0017 14915760  6.704E-04 2.4958 0.4007 6.1601 2.4682
20 836.6826 0.0012  2089.2064  4.787E-04 2.4970 0.4005 6.1828 2.4761
21 1171.3556 0.0009  2925.8889  3.418E-04 2.4979 0.4003 6.1998 2.4821
22 1639.8978 0.0006  4097.2445  2.441E-04 2.4985 0.4002 6.2127 2.4866
23 2295.8569 0.0004  5737.1423  1.743E-04 2.4989 0.4002 6.2222 2.4900
24 3214.1997 0.0003  8032.9993  1.245E-04 2.4992 0.4001 6.2294 2.4925
25 4499.8796 0.0002  11247.1990  8.891E-05 2.4994 0.4001 6.2347 2.4944
26 6299.8314  1.587E-04 15747.0785  6.350E-05 2.4996 0.4001 6.2387 2.4959
27 8819.7640  1.134E-04 22046.9099  4.536E-05 2.4997 0.4000 6.2416 2.4969
28 12347.6696  8.099E-05 30866.6739  3.240E-05 2.4998 0.4000 6.2438 2.4977
29 17288.7374  5.785E-05 43214.3435  2.314E-05 2.4999 0.4000 6.2454 2.4983
30 24201.4324  4.132E-05  6.050E+04  1.653E-05 2.4999 0.4000 6.2466 2.4988
36 1.822E+05  5.488E-06 ~ 4.556E+05  2.195E-06 2.5000 0.4000 6.2495 2.4998
42 1.372E+06  7.288E-07  3.430E+06  2.915E-07 2.5000 0.4000 6.2499 2.5000
48 1.033E+07  9.680E-08  2.583E+07  3.872E-08 2.5000 0.4000 6.2500 2.5000
54 7.779E+07  1.286E-08  1.945E+08  5.142E-09 2.5000 0.4000 8.2500 2.5000
60 5.857E+08  1.707E-09  1.464E+09  6.829E-10 2.5000 0.4000 6.2500 2.5000
66 4.410E+09  2.268E-10  1.103E+10  9.070E-11 2.5000 0.4000 6.2500 2.5000
72 3.321E+10  3.011E-11 ~ 8.302E+10  1.205E-11 2.5000 0.4000 6.2500 2.5000
120 3.431E+17  2.915E-18  8.576E+17  1.166E-18 2.5000 0.4000 6.2500 2.5000
180 2.009E+26 ~ 4.977E-27  5.023E+26  1.991E-27 2.5000 0.4000 6.2500 2.5000
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4.037E+52  2.477E-53  1.009E+53  9.908E-54 2.5000 0.4000 6.2500 2.5000
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Time Value of Money Factors—Discrete Compounding
i=50%

Single Sums Uniform Series Gradient Series

ToFindF  ToFindP ToFindF ToFind A ToFindP ToFindA ToFindP  ToFind A
Given P Given F Given A Given F Given A Given P Given G Given G

n (FIP,i%mn) (PIFi%m) (FIA,i%mn) (AlFi%mn) (PIA,i%mn) (AlPi%mn) (P1G,i%m) (A1G,i%mn)
1 1.5000 0.6667 1.0000 1.0000 0.6667 1.5000 0.0000 0.0000
2 2.2500 0.4444 2.5000 0.4000 11111 0.9000 0.4444 0.4000
3 3.3750 0.2963 4.7500 0.2105 1.4074 0.7105 1.0370 0.7368
4 5.0625 0.1975 8.1250 0.1231 1.6049 0.6231 1.6296 1.0154
5 7.5938 0.1317 13.1875 0.0758 1.7366 0.5758 2.1564 1.2417
6 11.3906 0.0878 20.7813 0.0481 1.8244 0.5481 2.5953 1.4226
7 17.0859 0.0585 32.1719 0.0311 1.8829 0.5311 2.9465 1.5648
8 25.6289 0.0390 49.2578 0.0203 1.9220 0.5203 3.2196 1.6752
9 38.4434 0.0260 74.8867 0.0134 1.9480 0.5134 3.4277 1.7596

10 57.6650 0.0173 113.3301 0.0088 1.9653 0.5088 3.5838 1.8235
11 86.4976 0.0116 170.9951 0.0058 1.9769 0.5058 3.6994 1.8713
12 129.7463 0.0077 257.4927 0.0039 1.9846 0.5039 3.7842 1.9068
13 194.6195 0.0051 387.1390 0.0026 1.9897 0.5026 3.8459 1.9329
14 291.9293 0.0034 581.8585 0.0017 1.9931 0.5017 3.8904 1.9519
15 437.8939 0.0023 873.7878 0.0011 1.9954 0.5011 3.9224 1.9657
16 656.8408 0.0015  1311.6817 0.0008 1.9970 0.5008 3.9452 1.9756
17 985.2613 0.0010  1968.5225  5.080E-04 1.9980 0.5005 3.9614 1.9827
18 1477.8919 0.0007  2953.7838  3.385E-04 1.9986 0.5003 3.9729 1.9878
A 2216.8373 0.0005  4431.6756  2.256E-04 1.9991 0.5002 3.9811 1.9914
20 3325.2567 0.0003 66485135  1.504E-04 1.9994 0.5002 3.9868 1.9940
21 4987.8851 0.0002  9973.7702  1.003E-04 1.9996 0.5001 3.9908 1.9958
22 7481.8276 0.0001  14961.6553  6.684E-05 1.9997 0.5001 3.9936 1.9971
23 11222.7415 0.0001 224434829  4.456E-05 1.9998 0.5000 3.9955 1.9980
24 16834.1122 0.0001 33666.2244  2.970E-05 1.9999 0.5000 3.9969 1.9986
25 252511683. 0.0000 50500.3366  1.980E-05 1.9999 0.5000 3.9979 1.9990
26 37876.7524  2.640E-05 75751.5049  1.320E-05 1.9999 0.5000 3.9985 1.9993
27 56815.1287  1.760E-05 113628.257  8.801E-06 2.0000 0.5000 3.9990 1.9995
28 85222.6930  1.173E-05 170443.386  5.867E-06 2.0000 0.5000 3.9993 1.9997
29 127834.039  7.823E-06  255666.079  3.911E-08 2.0000 0.5000 3.9995 1.9998
30 191751.059  5.215E-06  3.835E+05  2.608E-06 2.0000 0.5000 3.9997 1.9998
36 2184164.41  4.578E-07  4.368E+06  2.289E-07 2.0000 0.5000 4.0000 2.0000
42 2.488E+07  4.019E-08  4.976E+07  2.010E-08 2.0000 0.5000 4.0000 2.0000
48 2.834E+08  3.529E-09  5.668E+08  1.764E-09 2.0000 0.5000 4.0000 2.0000
54 3.228E+09  3.098E-10  6.456E+09  1.549E-10 2.0000 0.5000 4.0000 2.0000
60 3.677E+10  2.720E-11 = 7.354E+10  1.360E-11 2.0000 0.5000 4.0000 2.0000
66 4.188E+11  2.388E-12  8.376E+11  1.194E-12 2.0000 0.5000 4.0000 2.0000
72 4.771E+12  2.096E-13 ~ 9.541E+12  1.048E-13 2.0000 0.5000 4.0000 2.0000
120 1.352E+21  7.397E-22  2.704E+21  3.698E-22 2.0000 0.5000 4.0000 2.0000
180 4971E+31  2.012E-32  9.942E+31  1.006E-32 2.0000 0.5000 4.0000 2.0000
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2.471E+63  4.047E-64  4.942E+63  2.024E-64 2.0000 0.5000 4.0000 2.0000
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Time Value of Money Factors—Discrete Compounding
i=100%

Single Sums Uniform Series Gradient Series

ToFindF  ToFindP ToFindF ToFind A ToFindP ToFindA ToFindP  ToFind A
Given P Given F Given A Given F Given A Given P Given G Given G

n (FIP,i%mn) (PIFi%m) (FIA,i%mn) (AlFi%mn) (PIA,i%mn) (AlPi%mn) (P1G,i%m) (A1G,i%mn)
1 2.0000 0.5000 1.0000 1.0000 0.5000 2.0000 0.0000 0.0000
2 4.0000 0.2500 3.0000 0.3333 0.7500 1.3333 0.2500 0.3333
3 8.0000 0.1250 7.0000 0.1429 0.8750 1.1429 0.5000 0.5714
4 16.0000 0.0625 15.0000 0.0667 0.9375 1.0667 0.6875 0.7333
5 32.0000 0.0313 31.0000 0.0323 0.9688 1.0323 0.8125 0.8387
6 64.0000 0.0156 63.0000 0.0159 0.9844 1.0159 0.8906 0.9048
7 128.0000 0.0078 127.0000 0.0079 0.9922 1.0079 0.9375 0.9449
8 256.0000 0.0039 255.0000 0.0039 0.9961 1.0039 0.9648 0.9686
9 512.0000 0.0020 511.0000 0.0020 0.9980 1.0020 0.9805 0.9824

10 1024.0000 0.0010  1023.0000 0.0010 0.9990 1.0010 0.9893 0.9902
11 2048.0000 0.0005  2047.0000 0.0005 0.9995 1.0005 0.9941 0.9946
12 4096.0000 0.0002  4095.0000 0.0002 0.9998 1.0002 0.9968 0.9971
13 8192.0000 0.0001  8191.0000 0.0001 0.9999 1.0001 0.9983 0.9984
14 16384.0000 0.0001  16383.0000 0.0001 0.9999 1.0001 0.9991 0.9991
15 32768.0000 0.0000  32767.0000 0.0000 1.0000 1.0000 0.9995 0.9995
16 65536.0000 0.0000  65535.0000 0.0000 1.0000 1.0000 0.9997 0.9998
17 131072.000 0.0000 131071.000  7.629E-06 1.0000 1.0000 0.9999 0.9999
18 262144.000 0.0000 262143.000  3.815E-06 1.0000 1.0000 0.9999 0.9999
19 524288.000 0.0000 524287.000  1.907E-06 1.0000 1.0000 1.0000 1.0000
20 1048576.00 0.0000 1048575.00  9.537E-07 1.0000 1.0000 1.0000 1.0000
21 2097152.00 0.0000 2097151.00  4.768E-07 1.0000 1.0000 1.0000 1.0000
22 4194304.00 0.0000 4194303.00  2.384E-07 1.0000 1.0000 1.0000 1.0000
23 8388608.00 0.0000 8388607.00  1.192E-07 1.0000 1.0000 1.0000 1.0000
24 16777216.0 0.0000 16777215.0  5.960E-08 1.0000 1.0000 1.0000 1.0000
25 33554432.0 0.0000 33554431.0  2.980E-08 1.0000 1.0000 1.0000 1.0000
26 67108864.0  1.490E-08 67108863.0  1.490E-08 1.0000 1.0000 1.0000 1.0000
27 134217728  7.451E-09 134217727  7.451E-09 1.0000 1.0000 1.0000 1.0000
28 268435456  3.725E-09 268435455  3.725E-09 1.0000 1.0000 1.0000 1.0000
29 536870912 1.863E-09 536870911 1.883E-09 1.0000 1.0000 1.0000 1.0000
30 1.07E+09  9.313E-10  1.074E+09  9.313E-10 1.0000 1.0000 1.0000 1.0000
36 68.7E+9  1.455E-11  6.872E+10  1.455E-11 1.0000 1.0000 1.0000 1.0000
42 4.398E+12  2.274E-13  4.398E+12  2.274E-13 1.0000 1.0000 1.0000 1.0000
48 2.815E+14  3.553E-15  2.815E+14  3.553E-15 1.0000 1.0000 1.0000 1.0000
54 1.801E+16  5.551E-17  1.801E+16  5.551E-17 1.0000 1.0000 1.000( 1.0000
60 1.153E+18  8.674E-19  1.153E+18  8.674E-19 1.0000 1.0000 1.0000 1.0000
66 7.379E+19  1.355E-20  7.379E+19  1.355E-20 1.0000 1.0000 1.0000 1.0000
72 4.722E+21  2.118E-22  4.722E+21  2.118E-22 1.0000 1.0000 1.0000 1.0000
120 1.329E+36 ~ 7.523E-37  1.329E+36  7.523E-37 1.0000 1.0000 1.0000 1.0000
180 1.532E+54  6.525E-55  1.532E+54  6.525E-55 1.0000 1.0000 1.0000 1.0000

380 2.349E+108  4.255E-109 2.349E+108  4.258E-109 1.0000 1.0000 1.0000 1.0000




Chapter 5
Lighting*

5.0. INTRODUCTION

The lighting system provides many opportunities for cost-effective
energy savings with little or no inconvenience. In many cases, lighting can
be improved and operation costs can be reduced at the same time. Light-
ing improvements are excellent investments in most commercial busi-
nesses because lighting accounts for a large part of the energy bill—
ranging from 30-70% of the total energy cost. Lighting energy use repre-
sents only 5-25% of the total energy in industrial facilities, but it is usually
cost-effective to address because lighting improvements are often easier
to make than many process upgrades.

While there are significant energy-use and power-demand reduc-
tions available from lighting retrofits, the minimum lighting level stan-
dards of the Illuminating Engineering Society (IES) should be followed to
insure worker productivity and safety. Inadequate lighting levels can
decrease productivity, and they can also lead to a perception of poor
indoor air quality.

Used as a starting place for an energy management program, light-
ing can attract immediate employee attention and participation, since
everyone has ideas about lighting. Lighting is also seen as a barometer of
the attitude of top managers toward energy management: if the office of
the president of a company is an example of efficient lighting, then em-
ployees will see that energy management is taken seriously. A lighting
retrofit program can be a win-win proposition for the business owner and
the employees as it can improve morale, safety, and productivity while
reducing life-cycle costs. This chapter provides a brief description of light-
ing systems, their characteristics, and retrofit options.

*This chapter was substantially revised and updated by Mr. Mark Spiller of Gainesville
(Florida) Regional Utilities.
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5.1 COMPONENTS OF THE LIGHTING SYSTEM

A lighting system consists of light sources (lamps), luminaires (or
fixtures), and ballasts. Each component will affect the performance, en-
ergy use and annual operating cost of the lighting system. This section
discusses each of these components, and provides the basic information
on lighting technology needed to successfully accomplish lighting Energy
Management Opportunities (EMOs).

5.1.1 Lamp Characteristics

Lamps are rated a number of different ways and each characteristic
is a factor to consider in the lamp selection process. The basic ratings
include: luminous efficacy (lumens/watt); color temperature (Kelvins);
color rendering index (CRI); cost ($); rated life (operation hours); and
labor required for relamping. Lamps should carry recognizable name
brands and should be purchased from a reputable vendor. Some off-
brand lamps, particularly those from some foreign countries, have low
light output and short lives.

5.1.1.1 Luminous Efficacy
The luminous efficacy of a lamp is an estimate of the light output

(lumens) divided by the electrical power input (watts) under test condi-
tions. Lamps operating outside their design envelope may suffer reduced
efficacy. For example, 34-watt energy-saving fluorescent lamps should
not be used in environments with temperatures below 60°F; at lower
temperatures, they are prone to flickering, their light output is low, and
they have short lives. Table 5.1 presents lamp data on many commonly
used lamps. More data is available from lamp manufacturers and the IES
Lighting Handbook [1].

5.1.1.2 Color Temperature
The color temperature of a lamp describes the appearance of the

light generated compared to the perceived color of a blackbody radiator at
that temperature on the absolute temperature scale (i.e., Kelvin scale). For
example, a daylight fluorescent lamp rated at 6300 Kelvins appears bluish,
while a warm-white fluorescent lamp rated at 3000 Kelvins appears yel-
lowish. Figure 5-1 shows the color temperatures of commonly used fluo-
rescent lamps.

The energy manager should be sensitive to lamp color when recom-
mending lighting changes and should not recommend changing lamp
color unless nearly everyone is in favor of the proposed change. Under-
standing the color needs of the facility is important too. Some merchan-



Table 5.1. Light Source Characteristics [ref 2, Table 13.4]

High-Intensity Discharge

Sunysr]

Incandescent, High-Pressure
Including Tungsten Mercury Vapor Sodium Low-Pressure
Halogen Fluorescent (Self-Ballasted) ~Metal Halide = (Improved Color) Sodium

Wattages 15-1500 15-219 40-1000 175-1000 70-1000 35-180

(lamp only)
Life? (hr) 750-12,000 7500-24,000 16,000-15,000 1500-15,000 24,000 (10,000) 18,000
Efficacy? 15-25 55-100 50-60 80-100 75-140 Up to 180

(lumens/W) lamp only (20-25) (67-112)
Lumen Fair to excellent Fair Very good Good Excellent Excellent

maintenance to excellent (good)
Color rendition Excellent Good Poor to Very good Fair Poor

to excellent excellent (very good)

Light direction Very good to Fair Very good Very good Very good Fair

control excellent
Source size Compact Extended Compact Compact Compact Extended
Relight time Immediate Immediate 3-10 min 10-20 min Less than 1 min Immediate
Comparative fixture Low: simple Moderate Higher than Generally High High

cost fixtures incandescent higher

and fluorescent  than mercury

Comparative operating High: short life and  Lower than Lower than Lower than Lowest of HID Low

cost low efficiency incandescent  incandescent mercury types
Auxiliary equipment Not needed Needed: Needed: high Needed: High Needed: High Needed: high

needed

medium cost

cost

cost

cost

cost

L ife and efficacy ratings subject to revision. Check manufacturers’ data for latest information.
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Figure 5-1. Fluorescent Lamp Color Temperatures [ref 1, Figure 5-17]

dise looks better at a particular color temperature. Example: meat in
grocery store looks more appealing under warm lamps which accentuate
the reds hues. The same meat in a meat-packing facility can be illuminated
with lamps of a higher color temperature because visual appeal is not a
factor.

5.1.1.3 Color Rendering Index
The color rendering index (CRI) is a relative indication of how well

colors can be distinguished under the light produced by a lamp with a
particular color temperature. The index runs from 0 to 1; where a high CRI
indicates good color rendering. Many commonly-used lamps have poor
CRIs (e.g., the CRI of a typical warm-white fluorescent lamp is 0.42, the
CRI of a typical cool white fluorescent lamp is 0.67).

Rare earth elements in the phosphors of high-efficiency lamps in-
crease light conversion efficacy and color rendition. Light sources such as
metal halide lamps have better color rendering abilities than high pressure
sodium lamps. The need for accurate color rendering depends on the
particular task. Matching colors in a garment factory or photo laboratory
will require a much higher CRI lamp than assembling large machine parts.

The color rendering abilities of commonly used lamps are described
in Table 5.2.



Table 5.2 Color Rendition of Various Lamp Types

Incandescent, high-intensity discharge lamps

Clear White Deluxe WhiteP
Filament? Mercury Mercury Mercury Multi-Vaporb Lucalox?
Efficacy Low Medium Medium Medium High High
(Im/w)
Lamp appearance Yellowish Greenish Greenish white Purplish white Greenish white Yellowish
effect on white blue-white
neutral surfaces
Effect on Warm Very cool, Moderately Warm, Moderately Warm,
“atmosphere” greenish cool, greenish purplish cool, greenish yellowish
Colors Red Yellow Yellow Red Yellow Yellow
strengthened Orange Green Green Yellow Green Orange
Yellow Blue Blue Blue Blue Green
Colors grayed Blue Red, orange Red, orange Green Red Red, blue
Effect on com- Ruddiest Greenish Very pale Ruddy Grayed Yellowish
plexions
Remarks Good Very poor Moderate Color Color Color
color color color acceptance acceptance acceptance
rendering rendering rendering similar to similar to approaches
CwW cw that of WW
fluorescent fluorescent fluorescent
(Continued)
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Table 5.2 Color Rendition of Various Lamp Types (Continued)

Fluorescent lamps

CoolP DeluxeP Warm? Deluxe? Soft
White Cool White White Warm White Daylight White White/Natural

Efficacy High Medium High Medium Medium-high High Medium
(Im/w)

Lamp appearance White White Yellowish Yellowish Bluish Pale yellowish  Purplish
effect on white white white white white
neutral surfaces

Effect on Neutral to Neutral to Warm Warm Very cool Moderately Warm
“atmosphere” moderately  moderately warm pinkish

cool cool

Colors Orange All nearly Orange Red Green orange Red
strengthened Yellow equal Yellow Orange Blue Yellow Orange

Blue Yellow
Green

Colors grayed Red None Red, green Blue Red, orange Red, green Green, blue

appreciably  blue blue

Effect on com- Pale pink Most natural ~ Sallow Ruddy Grayed Pale Ruddy pink
plexions

Remarks Blends with ~ Best overall ~ Blends with Good color Usually Usually Tinted source;

natural color rendi-  incandescent  rendition; replaceable replaceable usually
daylight; tion; simu- light; poor simulates with CW with CW or replaceable
good color lates color accept-  incandescent WwW with CWX
acceptance  natural day- ance light or WWX

light

AGreater preference at lower levels.

PGreater preference at higher levels.
Source: General Electric Technical Pamphlet TP-I 19[3]. Reprinted with permission of General Electric Co.
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5.1.2 Lamp Types

Lamps come in a variety of types and have a wide range of charac-
teristics. Choosing the appropriate lamp type depends on the lighting
task. Often, the least expensive lamp to buy is not the least expensive to
operate. The energy manager should be familiar with the different options
available for providing the desired lighting levels.

5.1.2.1 Incandescent Lamps
Incandescent lamps render colors well, are inexpensive to purchase,

easily dimmed, small, and controllable which is useful for product dis-
play. However, they have relatively short lifespans, low efficacy and are
susceptible to failure from heat and vibration. Incandescent lamps rated
for long life or rough service have a correspondingly low efficacy. Some
energy-saving lamps have a poorly supported filament and should not be
used in environments with vibration or other mechanical stresses.

Most incandescent lamps tend to darken with age as tungsten is lost
from the filament and deposited on the lamp walls. Figure 5-2 shows most
of the commonly used lamps.

A Lamps, These lamps are low cost and commonly used in sizes of 20-
1500 Watts. They project light out in all directions. In old industrial plants,
look for large A-lamps in pendant fixtures where the lamps are left on
most of the time. These are good candidates for replacement with HID
lamps.

Reflector (R) Lamps. These lamps are usually more expensive than A-
lamps and offer better control of the direction in which light is cast due to
a reflective paint on the lamp wall. They have a focal point in back of the
lamp, which results in the light from the lamp being dispersed broadly by
the reflective surface of the lamp.

Ellipsoidal Reflector (ER) Lamps. These lamps cost about the same as R-
lamps, but they are longer and have a focal point in front of the lamp. This
location of the focal point results in the light being more concentrated as it
leaves the lamp, and thus the beam is narrower than from an R lamp.

Quartz-Halogen Lamps. These lamps have a short life and low efficacy.
They can be a good choice for areas which need lighting on an irregular
basis. These lamps should not be cleaned.

Halogen Lamps. These lamps have a higher efficacy and cost than the
lamps listed above and are available in many of the same lamp configura-
tions.
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Figure 5-2. Incandescent Bulb Shapes and Designations [ref 1, p. 8-5]
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5.1.2.2 Fluorescent Lamps
Fluorescent lamps have high efficacy, long life, and low surface

luminance; they are cool and are available in a variety of colors. Figure 5-3
shows many of the commonly used fluorescent lamps.

I ¥

2-Pin 4-Pin Quad Ballasted Compact T/C U

Figure 5-3. Fluorescent Lamp Shapes and Designations
[ref 8, Figure 2-14]

Typical Fluorescent Lamps. Fluorescent lamps are available in standard,
high output (HO), and very high output (VHO) configurations. The HO
and VHO lamps are useful for low-temperature environments and areas
where a lot of light is needed with minimal lamp space.

Energy-saving Lamps. Energy-saving fluorescent lamps which can re-
place the standard lamps can reduce power demand and energy use by
about 15%. They will also decrease light levels about 3-10%. These lamps
can only be used with ballasts designed and rated for energy-saving
lamps and should not be used in areas in which the temperature falls
below 60°F. Fixtures subject to direct discharge from air-conditioning
vents are not good candidates for energy-saving fluorescent lamps. Figure
5-4 lists many of the energy-saving lamps available.

T-Measures for Lamps. The T-measure for a fluorescent lamp is the
measure of the diameter of the lamp in eighths of an inch. Thus, a T12
lamp is twelve-eighths of an inch (or 1 1/2 inches) in diameter, while a T10
lampis11 /4 inches in diameter.

T10 Lamps. T10 lamps typically contain phosphors which produce high
efficacy and color rendition. They will operate on most ballasts designed
for T12 lamps.

T8 Lamps with Electronic Ballasts. T8 lamps produce an efficacy of up to
100 lumens/Watt, the highest efficacy of any fluorescent lamp. They will



Figure 5-4. Energy Saving Fluorescent Lamps [ref 1, Figure 8-115]

Lamp Lamp Lamp Lamp Nominal length Nominal lumens?*$
Lamp Lamp watts current volts lifet Base
description watts | replaced (A) (%) (h) (mm) | (in.) | (end caps) 3000K RE70 | 3500K RE70 | 4100K RE70 |3000K RES0 |3500K RE80 [4100K RE80 | 5000K RE80
Rapid start
F17T8 17 — 0.265 70 20,000 610 24 Med. Bipin 1325 1325 1325 1375 1375 1375 —
F25T8 25 — 0.265 100 20,000 914 | 36 Med. Bipin 2125 2125 2125 2200 2200 2200 -
F3278 32 — 0.265 137 20,000 1219 | 48 Med. Bipin 2850 2850 2850 2975 2975 2975 27000
F40T8 40 — 0.265 172 20,000 1524 | 60 Med. Bipin 3600 3600 3600 3725 3725 3725 —
F40T12/U/3 36 40 — — 12,000 610 | 24 Med. Bipin — — - - - - -
F40T12/U/6 34 40 0.45 84 16,000 610 | 24 Med. Bipin 28000 2800P 28000 - - - -
F30T12 25 30 0.453 64 18,000 914 36 Med. Bipin 2090 2090 20902 — — — —
F40TI2 34-36l 40 0.46 73 20,000 1219 | 48 Med. Bipin 2800 2800 2880 2800 2800 2800 -
F48T12/HO 55 60 — — 12,000 1219 | 48 Reces. DC 38507 4075 38507 44000 -
F96T12/1500 95 110 0.83 126 12,000 2438 96 Reces. DC 8430 8430 8430 8620 85002 8600¢ —
F96T12/1500 195 215 1.58 137 12,000 2438 | 96 Reces. DC — — — - - - -
F48PG17 95 110 1.53 64 12,000 1,219 | 48 Reces. DC — — — - - - -
F96PG17 185 215 157 144 12,000 2438 96 Reces. DC — — — — — — —
Preheat start
F40T12 34 40 0.45 84 |15,0000 1219 48 Med. Bipin — — — — — — —
F90T17 86 90 — — 9000 1524 | 60 Mog. Bipin — — - - - - -
Instant start (Slimline)
F48T12 30-32 38-40 — — 9000 1219 | 48 Single pin 2610 2610 2610 27000 - - -
F96T8 40-41 50-51 — — 7500 2438 | 96 Single pin — — — - - - -
F96T8P 56 — 0.26 267 15,000 2438 96 Single pin — — — 5800 5800 5800 —
F96TI2 60 75 044 153 12,000 2438 | 96 Single pin 5675 5675 5675 5850 5850 5850 -

a8l
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Nominal Lumens#§

2990K
4150K 3000K 4180K CRI 70+ 3200K
Lamp CRI 60+ | CRI50+ 3470K 6380K 5000K CRI 80+ Deluxe 4200K CRI 80+ 3570K 7500K 5500K
Lamp Lamp watts Cool Warm | CRI60+ | CRI70+ |CRI90+ | Deluxe warm white CRI 40+ Optima CRI 80+ CRI90+ | CRI90+
description watts* | replaced | white white white | daylight C50 | cool white | (soft white) Lite-white | 32™d Natural C75 Vita-lited
Rapid start
F17T8 17 — — — — — — — — — — — — — _
F25T8 25 — — — — — — — — — — — — — _
F32T8 32 — — — — — — — — — — — — — _
F40T8 40 — — — — — — — — — — — — — _
F40T12/U/3 36 40 23502 24254 — — — — — 25002 — — — — —
F40T12/U/6 34 40 2480 2530 2550 — — — — 2620 — — — — —
F30T12 25 30 1975 2025 — — — — — — — — — — —
F40T12 34-36P 40 2670 2730 2700 2310 2010 1930 1925 2800 2010 — — — —
F48T12HO 55 60 — — — — — — 39002 —
F96T12HO 95 110 8020 8130 8000 6750¢ — 5750 — 8400 — — — 6000P —
F96T12/1500 188 215 13430 — — — — — — 13,880 — — — — —
F48PG17 95 110 57004 — — — — — — — — — — _ _
F96PG17 185 215 | 13,5004 — — — — — 14,100' — — — — —
Preheat start
F40T12 34 40 2700 — — — — — — — — — — — —
Fo0T17 86 90 5765 — — — — — — — — — — _ _
Instant start (Slimline)
F40T12 30.7 40 2475 — — — — — 2525 — — — — — —
F96T8 40 50 34502 — — — — — — — — — — — —
F96T12 60 75 5430 5570 5370 4730 4050 3950 3900 5670 4200 — — 4015 —

*The life and light output ratings of fluorescent lamps are based on their use with ballasts that provide operating characteristics. Ballasts that do not provide proper electrical values may substantially reduce
lamp life, light output or both.

*tRated life under specified test conditions at 3 hours per start. At longer burning intervals per start, longer life can be expected.

#RE” indicates “RARE EARTH” type phosphors. This nomenclature has been developed by NEMA to define a system of color rendering information. RE 70 designates a CRI range of 70-79, RE 80 a range of 80-
89, and RE 90 = 90.

BAt 100 hours. When lamp is made by more than one manufacturer, light output is the average of all manufacturers submitting data.

I Also in 32 watt cathode cutout but with reduced life.

AGeneral Electric,

bSylvania.

¢ Phillip.

dDuro-Test.
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not generally operate on standard ballasts rated for T12 lamps. Because
they are smaller than the T12 lamps, it is more difficult to replace them
with the wrong lamps when they fail. They also use less of the toxic
materials found in larger fluorescent lamps. T12 fixtures can be retrofitted
with T8 lamps by using socket adapters and replacing the old ballasts
with the T8 compatible ballasts.

Compact Fluorescent Lamps (CFLs). These twin-tube (TT) and double
twin-tube (DTT) lamps are designed to replace many frequently used
incandescent bulbs. These lamps can be used to reduce energy use and
power demand by over 70%. For example, a 13-Watt fluorescent TT lamp
can be used to replace a 60-Watt incandescent lamp. The light produced is
similar in appearance to that of an incandescent lamp (i.e., color tempera-
ture of 2700 Kelvins for both). Since these lamps produce less heat, space
cooling costs are also reduced. Many TT lamps/ballasts have a low power
factor of about 0.5-0.6. A high power factor ballast with low harmonic
distortion should be specified if a large number of these lamps is used.

Compact fluorescent lamps can be installed as a screw-in or hard-
wired conversion kit and have a lifetime of at least 10,000 hours. Frequent
cycles of short operation hours will significantly reduce lamp life. One-
piece screw-in compact fluorescent lamps have higher life-cycle costs than
two-piece screw-in models or the hard-wire models because the useful
ballast life ends when the lamp burns out. Using the hard-wire kits will
eliminate the possibility of an uninformed maintenance worker throwing
away a two-piece screw-in conversion kit when the lamp fails. A number
of facilities such as apartment buildings and motels find that screw-in
compact fluorescent lamps are often stolen because they are easy to re-
move and are fairly expensive. Figure 5-5 lists the characteristics of some
of the compact fluorescent lamps available.

5.1.2.3 High Intensity Discharge (HID) Lamps

These lamps are relatively expensive initially but offer low life-cycle
costs due to long life and high efficacy. In general, the larger the HID lamp
the higher the efficacy. The HID lamp efficacy can be affected by the lamp
position, and some of these lamps have a significant color shift and loss of
efficacy near the end of their rated life. Figure 5-6 shows some of the
commonly used HID lamps.

Mercury Vapor Lamps. Mercury vapor lamps were the first HID lamps.
They can offer good color rendering and low-to-moderate efficacy. Self-
ballasted mercury vapor lamps are a direct replacement for large incan-



Figure 5-5. Compact Fluorescent Lamps [ref 1, Figure 8-1171

Rated Maximum overall Lamp Lamp Approx. Lumens Color$

Lamp Bulb lifet length current voltage initial per temperature
Generic designation NEMA watts type Base (h) (mm) (in.) (A) V) lumens* watt and/or CRI
Twin tube 2700K, 3500K, 4100K, 5000K® CRI 80 +
CFT5W/G23 5 T-4 G23 7500 105 4-1/4 0.180 38 250 50 82
CFT7W/G23 7 T-4 G23 10,000 135 5-7/16 0.180 45 400 51 82
CFT9W/G23 9 T-4 G23 10,000 167 6-9/16 0.180 59 600 67 82
CFT13W/GX23 13 T-4 GX23 | 10,000 191 7-1/2 0.285 60 888 68 82
CFT5W /2G7 5 T-4 2G7 10,000 85 3-11/32 | 0.180 35 250 50 82
CFT7W /2G7 7 T-4 2G7 10,000 115 4-17/32 0.180 45 400 57 82
CFT7W/2G7" | 9 T-4 2G7 10,000 145 5-22/32 | 0.180 59 600 67 82
CFT13W/2GX7 13 T-4 2GX7 | 10,000 175 6-29/32 | 0.285 59 900 69 82
FT18W/2G112 18 T-5 2G11 12,000 229 9 0.375 60 1250 69 82
FT18W/2G11RS 18 T-5 2G11 20,000 267 10-1/2 0.250 76 1250 69 82
FT24W/2G11 24-27 T-5 2G11 12,000 328 12-29/32 | 0.340 91 1800 69 82
FT36W/2G11 36-39 T-5 2G11 12,000 422 10-5/8 0.430 111 2900 76 82
FT40W/2G11 40 T-5 2G11 20,000 574 22-19/32 | 0270 169 1350 79 82
FT50W /2G11 50 T-5 2G11 14,000 574 22-19/32 0.43 147 4000 80 —
Quad 2700K, 3500K, 4100K, 5000K; CRI 80 +
CFQIW/G23 9 T-4 | G23-2 | 10,000 111 4-3/8 0.180 15 575 21 82
CFQ13W/GX23 13 T-4 |GX23-2 | 10,000 125 4-29/32 | 0.285 15 860 59 82
CFQ10W /G24d 10 T-4 | G24d-1 | 10,000 118 45 0.140 64 600 60 82
CFQI13W/G24d 13 T-4 | G24d-1 | 10,000 152 6 0.170 91 900 69 82
CFQ18W/G24d 18 T-4 | G24d-2 | 10,000 175 6-29/32 | 0.220 100 1250 69 82
CFQ28W /G24d 26 T-4 | G24d-3 | 10,000 196 7-23/32 | 0315 105 1800 69 82
CFQ15W/GX32d 15 T-5 |GX32d-1| 10,000 140 5-1/2 — 60 900 60 —
CFQ22W/GX32d 20 T-5 |GX32d-2| 10,000 151 5-15/16 — 53 1200 60 —
CFQ26W /GX32d 27 T-5 |GX32d-3| 10,000 173 6-13/16 — 54 1600 59 —
CFQ10W /G24q 10 T-4 | G24g-1 | 10,000 117 4-5/8 0.190 64 600 60 82
CFQ13W/G24q 13 T-4 | G24g-1 | 10,000 152 6 0.170 77 900 69 82
CFQI18W/G24q 18 T-4 | G24g-2 | 10,000 173 6-13/16 | 0.110 80 1250 69 82
CFQ26W /G24q 26 T-4 | G24g-3 | 10,000 194 7-5/8 0.158 80 1800 69 82

(Continued)
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Figure 5-5. Compact Fluorescent Lamps [ref 1, Figure 8-1171 (Continued)

Typical incandescent lamp substitutes (compact fluorescent lamps, internal ballast)*

Approx.
Maximum initial
Incandescent Related overall Lamp | Lamp | lumens® | lumens Color*
Ballast equivalent Lamp Bulb life* length** current| voltage | (Candle- per temperature

Generic designation type W) watts type Base (h) (mm) (in.) (A) V) power) watt and/or CRI
7W? Electronic 25 7 T-4 Med. Screw 10,000 140 5-1/2 0.140 120 400 57 —

11 W2 Electronic 40 11 T-4 Mod. Screw 10,000 140 5-1/2 0.170 120 600 55 —

11 W reflector® Electronic | 50W .R30 11 P-35 Med. Screw 10,000 148 |5-13/16 0.170 120 (315) —

11 W globe® Electronic 30 11 G-32 Med. Screw 10,000 168 6-9/16 0,170 120 450 41 —

15 W23 Electronic 60 15 T-4 Mod. Screw 10,000 172 |6-25/32 0.240 120 900 60 81

15 W reflector® Electronic 75W.R40 15 RSB Med. Screw 10,000 183 7-7/32 0.240 120 (1335) — —

15 W globe® Electronic 50 15 G-38 | Med. Screw 10,000 188 |7-13/32 0.240 120 700 47 —

15 W globe? Magnetic 40-60 18 G-30 Med. Screw 9,000 160 6-5/16 — 120 700 47 82

17 W decorative diffuser’ Electronic 60 17 T-24 Med. Screw 10,000 149 5-7/8 0.265 120 950 57 —

18 W decorative diffuser? Electronic 75 18 T-24 Med. Screw 10,000 183 7-7/32 0.240 120 1100 61 —

18 W reflector Electronic | 75W.R40 18 R-40 Mod. Screw 10,000 142 |5-19/32 0.240 120 800 44 —

18 W4 Electronic 75 18 T-4 Med. Screw 10,000 175 6-7/8 — 120 1100 61 —

20 W23 Electronic 75 20 T-4 Med. Screw 10,000 203 8 0.265* 120 1200 60 —

22 W circular lamp? Magnetic 75 22 T-9 Med. Screw 10,000 130 5-1/8 — 120 1200 54 52

23 W3 Electronic 90 23 T-4 Med. Screw 10,000 176 6-5/16 0.325 120 1550 67 —

26 W2 Electronic 90 26 Y-5 Med. Screw 10,000 203 8 0.430 120 1500 58 —

(Continued)
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Figure 5-5. Compact Fluorescent Lamps [ref 1, Figure 8-1171 (Continued)

Square 2700 K and 3500 K2
Approx.
Maximum initial
Incandescent Related overall Lamp | Lamp | lumens* | lumens Color*

Ballast equivalent Lamp Bulb lifet length** current | voltage | (Candle- per temperature
Generic designation type (W) watts type Base (h) (mm) (in.) A) ) power) watt and/or CRI
F102D/827 /4P 10 2D GR10Q 4PI 8000 94 [3-23/32 0.18 72 650 65 82
F162D/827 /4P 16 2D GR10Q 4PI 8000 140 5-1/2 0.195 103 1050 66 82
F212D/827/4P 21 2D GR10Q 4P1 8000 140 5-1/2 0.26 101 1350 64 82
F282D /827 /4P 28 2D GR10Q 4PI 10,000 203 8 0.32 107 2050 73 82
F382D /827 /4P%8 38 2D | GRI0Q4PI | 10,000 | 203 8 043 | 110 2850 79 82

Note: Many compact fluorescent lamps come equipped with normal (formerly called low) power-factor ballasts, either integral or as auxiliaries To minimize line losses and to maximize energy
savings and lamp efficiency specifiers should require power-factor ballasts and should insist that luminaires, utilizing these lamps, be so equipped.
*These values are the averages of several manufacturers’ data.

tAt 3 hours per start.

$Values for reflector lamps are in beam candlepower.

BNot all color temperatures available from each manufacturer.

||Also available in red, blue, green.

#Screw base adapters with integral ballasts are available for retrofitting twin and quad tube lamps into incandescent fixtures.

**Some lamps are available in shorter MOLs.

++LLDs not yet available for these lamps.

+fLamps are available with higher power factors and lower line currents.

BBAdd 2 watts for cathodes when operating on rapid-start circuits.

|Rapid start life is estimated as 12000 hours @ 3 or more hours per start.

1Philips

2General Electric

30sram

4Sylvania
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ety

Figure 5-6. HID Lamp Shapes and Designations [ref 8, Figure 2-16]

descent lamps but have only 30-50% of the efficacy of typical mercury
vapor lamps. Mercury vapor lamps are good candidates for replacement
with more efficient light sources such as metal halide, high-pressure so-
dium, and low-pressure sodium.

Metal Halide lamps. Many of these lamps produce bright white light.
They are used in applications which require good color rendering and
high lighting levels such as sports facilities. They do not have as long a life
as most other HID lamps. Some metal halide lamps can be installed in
fixtures designed to operate mercury vapor lamps.

High Pressure Sodium (HPS) Lamps. HPS lamps offer high efficacy, long
life, and a relatively small light source which is easily controlled. The light
produced does not render colors well but is useful for tasks in which color
rendering is not critical. These lamps are usually the best choice for
warehouses, factories, exterior floodlighting, and streetlighting.

5.1.2.4 Low-Pressure Sodium (LPS) Lamps

LPS lamps offer the highest efficacy of any light source (i.e., up to
180 lumens/Watt). They have a long life but are fairly large compared to
HID lamps. Their size requires a larger, more complex reflector design to
efficiently utilize the light produced. The color of the light is nearly a
monochromatic yellow under which very little color discrimination is
possible. LPS lamps are common in European street lighting systems.

LPS is useful for interior security lighting. The distinctive yellow
light tells law enforcement personnel that the premises should be unoccu-
pied. Thieves and vandals can be mistaken for employees working late
when better color-rendering light sources such as fluorescent lamps are
used for night-time security.




Lighting 189

5.1.3 Ballasts

Light from discharge-type lamps (e.g., fluorescent, mercury vapor,
metal halide, high-pressure sodium, and low-pressure sodium) is pro-
duced indirectly by a cathode exciting a gas in which an electrical arc
forms which then emits light. In a fluorescent lamp, mercury vapor emits
ultra-violet radiation which strikes the sides of the lamp wall where
phosphors convert it to visible light. A ballast is required to start and
operate all discharge lamps.

Each lamp/ballast combination should have test results which state
the ballast factor (BF). The lumen rating for a lamp is based on a particular
lamp/ ballast combination with a ballast factor of 1.0. The ballast factor
indicates the light output of a particular system relative to a standard test
ballast on which the lamp lumen ratings are based. For example, if a four-
foot F32T8 has a rated lamp light output of 3000 lumens, and it is used
with a ballast which has a ballast factor of 1.1 for the lamp/ballast combi-
nation, the system produces about 3300 lumens.

The ballast label usually gives the electric current drawn for particu-
lar lamp types, states whether the ballast does not contain polychlorinated
biphenyls (PCB), and shows a wiring diagram. Many older ballasts, espe-
cially those manufactured before 1975, utilize PCB oil which contains
some of the most toxic chemicals known. Leaking PCB-laden ballasts
should be handled as a hazardous waste material during disposal. Ballasts
which do not contain PCB can currently be landfilled in most states.

National standards require that all new ballasts have a minimum
efficiency and contain no PCBs. Ballasts are usually labeled low-heat (LH),
very-low heat (VLH), super-low heat (SLH), energy-saving, or electronic.
Not all electronic ballasts on the market will operate at higher efficiency
than magnetic ballasts. Claims of “full light output” can be distracting.
Use the ballast factor to determine the actual efficiency of the ballast.
Many of these new ballasts have much longer operating lives than the
ballasts they replace. Some low-efficiency replacement ballasts are still
available but should not be used.

Unlike magnetic core-and-coil ballasts, some electronic ballasts can
be dimmed, but they also can produce significant levels of harmonic
distortion. When recommending electronic ballasts, specify ballasts with a
total harmonic distortion (THD) less than 20%.

Strobing and flickering lamps strain the ballast. Strobing occurs as
the ballast attempts to restart and operate the lamp(s). The problem is
sometimes due to a loose or corroded connection, but most often the lamp
has come to the end of its useful life. As lamps age, their light output
decreases and they become more difficult to start and operate. If checking
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the connections and lamps does not reveal the cause of the flickering, then
ballast replacement may be necessary.

5.1.4 Luminaires (Fixtures): Lenses, Diffusers, and Reflectors

The luminaire is the complete lighting fixture. It consists of a hous-
ing socket, the light source (lamps) and the components which distribute
the light such as the lens, the diffuser and the reflector.

The coefficient of utilization (CU) of a lighting fixture is the ratio of
the light leaving the fixture to the light produced by the lamps. Light is
absorbed and converted to heat by surfaces, by lamp-to-lamp interactions,
and by the lenses. Tables of common CU values can be found in the IES
Lighting Handbook [1].

5.1.4.1 Types of Fixtures
Some common types of lighting fixtures are listed below. Retrofit
options are noted where appropriate.

Jars and Globes: These fixtures typically have low CU values. Although
they generally use incandescent lamps, compact fluorescent lamps can
also be used in jar and globe fixtures.

Wall Surface-Mounted: These fixtures have moderate CU values.

Pendant: These fixtures utilize a variety of lamp types. They often use
bare lamps, but are sometimes fitted with globes, lenses, or diffusers.
Large incandescent lamps (e.g., 500-1500 Watt) are frequently used, but
more efficient sources are available. These fixtures often hang from the
ceilings of production and warehouse areas. They can sometimes be low-
ered to increase the light levels at the work surfaces if the resulting light
distribution is acceptable.

Track and Recessed: These fixtures (sometimes referred to as downlights)
baffle some light when A-lamps or deeply-recessed R-lamps are used.
Most of the baffled light is converted to heat. Ellipsoidal reflector lamps
(ER) are designed to cast more light out of recessed fixtures. If an adjust-
able-depth can-type fixture without a specular reflector looks bright in-
side, there is potential for using an ER lamp. However, a protruding ER
lamp is not a good application.

Although there are some excellent downlights available which have
been designed for CFLs, in general a compact fluorescent screw-in lamp
should not be used in a track or recessed fixture unless lighting levels can
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be reduced. A CFL casts nearly all of its light out to the sides instead of
downward where it is needed in a downlight.

Area Lights: These fixtures are commonly known as barn lights. They cast
light in nearly all directions. Much of the light is lost to the sky and
overhead trees, or it trespasses off the property. Cutoff luminaires which
use reflectors to direct the light where it is needed can produce the same
light levels for the area of interest with about a third of the power.

Streetlights: Some types such as barnlights and cobraheads cast light
upward and away from the area of interest. Cutoff luminaires offer a good
alternative here too.

Figure 5-7 demonstrates the application of well-controlled lighting
fixtures to reduce outdoor lighting costs an poorly applied fixtures.

Exit Signs: These signs typically use two 20-Watt or two 25-Watt incan-
descent lamps which can be replaced by a 7-Watt compact fluorescent TT
lamp. This will reduce operating costs by more than 75%. These TT lamps
can last up to 20,000 hours when run continuously.

Floodlights: Look for low-efficacy sources such as mercury vapor lamps.
High pressure sodium floodlights offer excellent savings.

5.1.4.2 L enses, Diffusers and Reflectors

Adding lenses or reflectors to a lighting fixture changes the light
distribution pattern (i.e., photometrics). Replacing the lens or diffuser can
be helpful in situations where the system was poorly designed or the use
of the space has changed. For example, many office areas which were
lighted appropriately for traditional paperwork now have glare on video
terminals because people are using computers instead of typewriters or
pens. Polarized lenses can reduce the glare but they also reduce the
amount of light leaving the fixture. Figure 5-8 shows how relationships
can change when the workstation is altered.

Glare from the specular surfaces reduces visibility. This veiling glare
can be reduced with careful fixture positioning and proper selection of
diffusers. Glare on video display terminals can often be alleviated by
tipping the monitor down or putting a wedge under the back. Figure 5-9
shows how glare can reach the eyes of a worker.

Most fixtures have built-in reflectors. A fixture with a baked white
enamel finish has a reflectivity of about 0.88. The practice of removing half
the lamps and adding a reflector to a fixture will reduce the amount of
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The top two illustrations indicate effective ways of achieving desired lighting for
the area involved (indicated by the dotted line). The bottom two approaches waste
energy and the “light trespass” effect of the “spill light” can irritate neighbors.

Figure 5-7. Effective Outdoor Lighting [ref 7, Figure 11]



Lighting 193

Prevailing relationships between workers, their tasks, and their environments are
altered significantly when traditional “white paper tasks” (on left) are changed to
VDT-based tasks (on right).

Figure 5-8. Prevailing Lighting Relationships [ref 7, Figure 7]

R— ! S ——
1Y

3 7 VEILING REFLECTION

| 1/ OFFENDING ZONE
POTENTIAL Y ]

SIS % = /5
arecauane) [ [ E] 1111

il “u =
L o H E]D

Veiling reflections commonly occur when the light source is directly above and in
front of the viewer, in the “offending zone.”

Figure 5-9. Veiling Reflections [ref 7, Figure 3]
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light leaving a fixture. Therefore, this is only practical when the area is
over-lighted.

The performance of lenses, diffusers, and reflectors depends on en-
vironmental factors such as dirt accumulation, oxidation, glare, discolora-
tion due to UV light exposure, and vandalism. Surface finishes react with
airborne chemicals and lose some light transmission capability as they
age. Choosing materials appropriate for the work environment and clean-
ing the fixtures regularly will prolong their useful lives. Outdoor lighting
presents some special problems. Vandals often delight in shooting at
exterior lighting fixtures. Polycarbonate lenses resist damage due to fire-
arms and other projectiles. However, they also discolor from prolonged
exposure to UV light produced by the lamp or the sun. Acrylic lenses
typically last longer than even UV-inhibited polycarbonate lenses. Table
5-3 gives a comparison of the performance of acrylic and polycarbonate
lenses over time.

5.2 DETERMINING LIGHTING NEEDS

A variety of techniques are available for estimating the lighting
levels in a given space. The average illuminance method described in the
Illuminating Engineering Society IES Lighting Handbook [1] incorporates
the major variables affecting light utilization: amount of light produced by
lamps, amount of light exiting the fixture, mounting height and spacing of
fixture, fixture photometrics, lumen dirt depreciation, lamp lumen depre-
ciation, ballast factor, and room surface finish characteristics. A worksheet
to calculate lighting levels is also found in the IES Lighting Handbook.[1]

The IES has developed standards for appropriate lighting levels for
typical applications. Lighting levels are generally expressed in terms of
illuminance, which is measured in footcandles. Table 5.4 shows the illumi-
nance category for a number of commercial and industrial applications.

Once the appropriate illuminance category has been identified,
Table 5.5 can be used to determine the range of illuminance values needed
to achieve desirable lighting levels. In using these tables, the IES recom-
mends that the lower values be used for occupants whose age is under 40
and/or where the room reflectance is greater than 70% and that the higher
values be used for occupants more than 55 years old and/or where the
room reflectance is less than 30%. For occupants between 40 and 55 years
of age and where the reflectance is 30-70% or where a young occupant is
combined with low reflectance or an older person is in a high-reflectance
environment, the intermediate values should be used. In addition, the



Lighting 195

Table 5-3. Comparison of Acrylic and Polycarbonate Lenses
[ref 7, Table 4]

High-Impact
Acrylic Acrylic Polycarbonate

Light Transmission 92% 90% 88%

Aging-Light Stability 10-15 yrs 10-15 yrs 3-4 yrs

Impact Strength 1 10X 30X but degrades
rapidly

Haze Under 3% Under 3% Under 3% but
degrades

Scratch Resistance Very Good  Good Good

Burning Character Slow Slow Self-Ext.

(U.L. Class)

Smoke Generation Slight Slight High

Resistance to Heat 200°F 180°F 250°F

Type Smoke Nontoxic Nontoxic Toxic

Relative Cost 1X 2X 4X

Table 5.4. Lighting Recommendations For Specific Tasks

Illuminance
Area-activity category
Bakeries D
Classrooms DtoE
Conference rooms D
Drafting rooms EtoF
Hotel lobbies CtoD
Home kitchens DtoE
Inspection, simple D
Inspection, difficult F
Inspection, exacting H
Machine shops DtoH
Material handling CtoD
Storage, inactive B
Storage, rough, bulky items C
Storage, small items D
Footcandles

Building entrances 1-5
Bulletin boards, bright surroundings, dark surfaces 100
Bulletin boards, dark surroundings, bright surfaces 20
Boiler areas 2-5

Parking areas 1-2




Table 5.5. Illuminance Categories and Illuminance Values

Ranges of illuminances

Illuminance
Type of activity category Lux Footcandles ~ Reference work plane
Public spaces with dark surroundings A 20-30-50 2-3-5
Simple orientation for short temporary B 50-75-100 5-7.5-10 General lighting
visits throughout spaces
Working spaces where visual tasks are C 100-150-200 10-15-20
only occasionally performed
Performance of visual tasks of high D 200-300-500 20-30-50
contrast or large size
Performance of visual tasks of medium E 500-750-1000 50-75-100 Illuminance on task
contrast or small size
Performance of visual tasks of low F 1000-1500-2000 100-150-200
contrast or very small size
Performance of visual tasks of low G 2000-3000-5000 200-300-500

contrast and very small size over a
prolonged period

Performance of very prolonged and
exacting visual tasks

Performance of very special visual tasks
of extremely low contrast and small size

5000-7500-10000

10000-15000-20000

500-750-1000

1000-1500-2000

Illuminance on task, ob-
tained by a combination of
general and local (supple-
mentary lighting)

961
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need for speed and accuracy influences the amount of light needed, with
higher speed and accuracy demanding more light.

Lighting levels can sometimes be reduced if there is sufficient con-
trast between the work and its surroundings. However, too much contrast
between the work and the ambient environment will fatigue the eyes. For
example, occupants of dark paneled offices who work with pencil on
brightly-illuminated white paper will often experience eye fatigue.

The illuminance values considered acceptable have changed
through the years in response to emerging technology. Recommended
light levels were relatively low in the incandescent lamp era due to restric-
tions resulting from heat production. From 1945-1960 more efficient light
sources were developed and energy costs plummeted, leading to a tri-
pling of the recommended values [3]. Rising energy and power demand
costs in the 1970’s spurred the industry to reduce the recommended
lighting levels to the minimum necessary to provide adequate illumina-
tion.

5.3 MAINTAINING THE LIGHTING SYSTEM

In addition to a proper choice of light sources, ballasts, and lumi-
naires, the efficiency of a lighting system depends on maintenance poli-
cies. Maintenance includes both cleaning and relamping.

5.3.1 Luminaire Maintenance

The performance of lenses, diffusers, and reflectors depends on en-
vironmental factors such as dirt accumulation, oxidation, vandalism, and
degradation due to ultra-violet (UV) light exposure. Typical fluorescent
lamp performance under various temperature conditions is shown in
Figure 5-10.

Lamps, fixtures, reflectors, lenses, and diffusers collect dust and
insects. Dust accumulation on lighting fixtures and on surfaces adjacent to
lighting fixtures reduces light utilization by up to 40 percent and increases
heat production. Periodic cleaning of the fixtures will maintain higher and
more uniform light levels. All lamps should be cool before cleaning.
Gloves should be worn when cleaning any mirror-like reflective part of a
luminaire. Quartz lamps should not be cleaned.

Outdoor lighting has some special maintenance problems. Poorly-
sealed gaskets allow insects to clog the lenses of outdoor lighting fixtures.
Dead insects can completely block out light. Overgrown vegetation can
also reduce lighting levels from outside fixtures. Regular trimming of
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Figure 5-10. Lamp Performance vs. Temperature

shrubs and trees will help to fully utilize these light sources. Small trees
planted under or near lighting fixtures can quickly grow to block the light
source.

5.3.2 Establishing the Lighting System Maintenance Schedule

Establishing a good maintenance schedule for a lighting system
takes three steps. First, you must determine the maintenance characteris-
tics of the luminaires in your facility. Table 5-6 lists the maintenance
categories for a variety of luminaires.

The next step is to determine what dirt conditions the luminaires are
likely to experience. Table 5-7 shows dirt conditions for representative
areas. Once you know both the maintenance category from Table 5-5 and
the appropriate dirt conditions for the facility from Table 5-7, then use the
graphs in Figure 5-11 to set the luminaire maintenance schedule. These
graphs show the effect that dirt accumulation has upon lighting levels
over a period of months.

These graphs are for average conditions. Actual conditions may
warrant a more frequent cleaning schedule than the graphs indicate.
Using open fixtures and diffusers often reduces the potential for light loss
since there are fewer surfaces for settling, and particles and dust can be



Table 5.6. Maintenance Categories for Luminaire Types

Maintenance
category Top enclosure Bottom enclosure
I 1. None 1. None
II 1. None 1. None
2. Transparent with 15% or more uplight through apertures 2. Louvers or baffles
3. Translucent with 15% or more uplight through apertures
4. Opaque with 15% or more uplight through apertures
III 1. Transparent with less than 15% uplight through 1. None
apertures
2. Translucent with less than 15% uplight through
apertures
3. Opaque with less than 15% uplight through apertures
v 1. Transparent unapertured 1. None
2. Translucent unapertured 2. Louvers
3. Opaque unapertured
\Y% 1. Transparent unapertured 1. Transparent unapertured
2. Translucent unapertured 2. Translucent unapertured
3. Opaque unapertured
VI 1. None 1. Transparent unapertured
2. Transparent unapertured 2. Translucent unapertured
3. Translucent unapertured 3. Opaque unapertured
4. Opaque unapertured

Sunysr]
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Table 5-7. Degrees of Dirt Conditions

Very clean Clean Medium Dirty Very dirty
Generated dirt  None Very little Noticeable but not Accumulates rapidly =~ Constant accumulation
heavy

Ambient dirt
Removal or

filtration
Adhesion

Examples

None (or none
enters area)
Excellent

None

High-grade
offices, not
near produc-
tion; labora-
tories; clean
rooms

Some (almost
none enters)
Better than
average
Slight

Offices in older
buildings or
near production;
light assembly;
inspection

Some enters area

Poorer than
average

Enough to be
visible after

some months
Mill offices;
paper processing;
light machining

Large amount enters
area

Only fans or blowers
if any
High—probably due
to oil, humidity,

or static

Heat treating; high-
speed printing;
rubber processing

Almost none excluded
None

High

Similar to “Dirty” but
luminaires within

immediate area of
contamination

Source: Courtesy of the Illuminating Engineering Society of North America.
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more easily removed from these fixtures. However, an environment with
potentially explosive dust; such as flour, corn, coal, etc., has to have sealed
explosion-proof fixtures. Typical lamp lumen depreciation, luminaire dirt
depreciation, and room surface dirt depreciation curves for fluorescent
lamps are shown in Figure 5-12.

100
90
80

70
60
50
40
30
20
10

0

USEFUL LIGHT IN PERCENT

TIME

DIRT ON RCOM SURFACE (RSDD)

LAMP LUMEN DEPRECIATION (LLD)

DIRT ON LAMP AND LUMINAIRE (LDD)

Figure 5-12. Lumen Maintenance Curve
For Fluorescent Lighting Systems [ref 8, Figure 2-20]

5.3.3 Relamping strategies.

The usual strategy for replacing lamps in many facilities is to wait
until a lamp burns out and then replace it (called spot relamping). This
relamping strategy is not necessarily the best one for a facility to follow
because it does not consider such factors as labor costs or lumen deprecia-
tion. It is often more economical to replace all of the fluorescent and HID
lamps in a facility at one time (called group relamping). Spot relamping is
more labor intensive and results in less efficient lighting than group
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relamping. However, spot relamping can be more practical for lamps with
a short life such as incandescent lamps.

The reason that spot relamping results in a loss of lighting efficiency
is that the amount of light that comes from a lamp declines with the age of
the lamp. Performance curves, such as those in Figures 5-13, 5-14, and 5-15
show how the light output is reduced as a function of ordinary usage.
Note that the life of a lamp is measured in hours of use rather than
installed hours. In addition to degraded performance of individual lights,
the total lighting system performance is decreased as individual lamps
burn out. Typical mortality curves, showing the percent of lamps in ser-
vice as a function of time, are given in Figures 5-16, 5-17, and 5-18.

As these figures show, lamp mortality at 85-100% of rated life is
about twenty-five times that of lamps aged 0-70% of rated life. Therefore,
fixtures should be group relamped when lamps are between 70-80% of the
rated lamp life.

The average useful lamp life is shown in Figure 5-19.
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Figure 5-13. Typical lumen maintenance curve for fluorescent lamps.
(From General Electric Technical Pamphlet TP-105.
Courtesy of General Electric Co.)
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Figure 5-14. Typical lumen maintenance curve for filament lamps.
(From General Electric Technical Pamphlet TP-105.
Courtesy of General Electric Co.)
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Figure 5-15. Lumen Maintenance Curve for HID Lamps
(From General Electric Technical Pamphlet TP-105.
Courtesy of General Electric Co.)
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Figure 5-16. Typical mortality curve for fluorescent lamps.
(From General Electric Technical Pamphlet TP-105.
Courtesy of General Electric Co.)
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Figure 5-17. Typical mortality curve for filament lamps.
(From General Electric Technical Pamphlet TP-105.
Courtesy of General Electric Co.)
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Figure 5-18. Typical mortality curve for HID (mercury vapor) lamps.
(From General Electric Technical Pamphlet TP-105.
Courtesy of General Electric Co.)

Since most F40T12 four-foot fluorescent lamps are rated for 20,000
hours, they should be replaced after 16,000 hours of operation. Lamp life
ratings indicate the point at which half of the lamps are likely to have
failed. Fluorescent lamp lifetimes are rated at three hours per start, HID
lamps are rated at five hours per start. Operating the lamps for shorter
periods will reduce lamp life.

Group relamping can:

1. Reduce Labor Costs: Spot relamping can require up to 30 minutes to
move furnishings or equipment, set up, replace the lamp, and put
equipment away (e.g., ladder, lamps, tools). In group relamping, a
fixture can usually be relamped and cleaned in 5 minutes. The loss-of-
use cost of replacing a few lamps before they have burned out is
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Figure 5-19. Lumen Maintenance Curve For Fluorescent Lighting
Systems [ref 8, Figure 2-20]

generally less than the increased cost of the labor to individually
replace burned out lamps.

2. Reduce Lamp Costs: Purchasing a large number of lamps at one time
allows for high volume discounts. Fewer purchases result in less time
spent ordering, receiving, and stocking lamps.

3. Allow Lamp Maintenance to be Scheduled: Relamping can be sched-
uled for slow periods for the maintenance staff. Scheduled relamping
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also allows a regular schedule to be set for regular inspection and
cleaning of lamps and fixtures.

Maintain Higher and More Uniform Lighting Levels: The light out-
put of a lamp decreases with age. Group relamping insures that all
lamps have a high light output. Fewer lamp failures, less flickering,
and reduced swirling and color shift produce a safer, more comfort-
able work environment. If the lighting system was over-designed to
allow for loss of light levels, group relamping may allow for some
delamping.

Reduce Inventory Needs: Fewer lamps must be stored in inventory
since fewer spot failures occur in group relamped fixtures when the
relamping interval is set correctly.

Insure the Correct Lamp Use: Spot relamping often results in the
installation of a variety of lamp types with inconsistent light output
levels, lifespans, and colors. This can occur when the inventory of
spare lamps runs out and the person who purchases a quick replace-
ment either does not know the correct lamp type, cannot locate the
correct type, or does not realize that the cheapest lamp may not be the
best value. Group relamping provides an opportunity to install the
newest energy-efficient lamps.

Extend Ballast Life: Ballasts have to work harder to start and operate
strobing lamps which are near the end of their life.

Reduce Interruptions in Work Area: Group relamping prevents most
of the unplanned lamp replacements.

General Electric [4] has provided the following cost formulas for

determining relamping costs:

Spot Replacement Costs
C=L+S (5-1)
Group Relamping Costs

c_L+G (5-2)
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where:  C = total replacement cost per lamp

L =net price per lamp

S = spot replacement labor cost per lamp
G = group replacement labor cost per lamp
I

= group relamping interval (% of rated lamp life)

Example 5-1: An office building contains a number of small (400 ft?)
rooms, each of which has four two-lamp fluorescent fixtures. Every time a
maintenance person changes lamps, they must bring a ladder into the
room and clear away furniture. It takes the person 15 minutes to replace
one lamp. It takes 25 minutes to replace all the lamps in a room and clean
the luminaires if all the work is done at one time. The lamps cost $0.85
each, and labor costs are $10/hour. The lamps are used about 2000 hours/
year. The average lamp life is 20,000 hours. Determine whether group
relamping with I = 0.8 is preferable to spot relamping for this building.

Solution: Find the cost for spot relamping and group relamping using
equations 5-1 and 5-2, and select the method with lowest cost.

L = $0.85per lamp

S = (time to replace lamp in hours) x (cost of labor per hour)
= 15/60 x $10 = $2.50

G = (time to replace lamp in hours) x (cost of labor per hour)
= 3/60 x $10 = $0.50.

I = 08

and thus

Capot = 0.85 +2.50

=$3.35/lamp
Cgoup = (0.85 +0.50)/0.80

=$1.69/lamp

Therefore, the decision should be made to use group relamping. The
reduced labor cost more than offsets the cost of the lost lamp life; in fact,
the savings from group relamping is almost twice the full cost of each
lamp.
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54 THE LIGHTING SURVEY

To perform an objective evaluation of the lighting system, the energy
auditor must gather the following data: lighting needs/ objectives, hours/
days that lighting is required, lighting levels, type of lamps, age of lamps,
age of the lighting installation, ambient environment of lighting fixtures
(e.g., dust exposure, air temperature, etc.), room surface characteristics,
type of ballasts, condition of fixtures, and relamping practices. Building
plans are not useful unless the facility was built as planned and few
modifications have been made.

Forms are useful for recording the specific lighting data needed.
Chapter Two, Figure 2-5 provided a sample lighting data collection form.
Figure 5-20 shows a sample data collection form for recording the lighting
system condition, while Figure 5-21 illustrates a sample form for record-
ing lighting needs.

Two basic surveys should be conducted to look for savings opportu-
nities: one to see how the facility operates while in production and an-
other to determine the lighting practices when the facility is dormant or
shut down for the night.

5.4.1 Interviews with Employees

Interviews with the managers and workers help the energy auditor
to evaluate the relamping and maintenance practices, determine problems
with the lighting system, ascertain the employees” satisfaction level, find
out when light is needed, and uncover the potential for cost savings. The
first question should be—Are you happy with your lighting? Major retro-
fits such as fixture replacement and color changes affect everyone in the
work environment, so the opinions of all participants should be consid-
ered.

5.4.2 Measuring Light Levels

A light meter is needed to measure illuminance levels. An inexpen-
sive analog light meter is practical and rugged for screening lighting
levels and determining relative values. A self-calibrating digital light
meter (photometer) is very useful to get fast, accurate, and repeatable
measurements. Using a lightmeter, the auditor should record light inten-
sity readings for each area and task of the facility.

Taking notes on the types of tasks performed in each area will help
the auditor select alternative lighting technologies that might be more
energy efficient. Other items to note are the areas that may be infrequently
used and are potential candidates for controlling the lighting with occu-
pancy sensors, or the areas where daylighting may be feasible.
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Lighting level (fc)

*From Table 5-7
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Figure 5-20. Lighting System Condition Form
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Hours when light ~ Importance of ~ Tasklighting  Light levels
Location is needed color rendition possible? required (fc)

Figure 5-21. Lighting needs form.

5.5 REGULATORY/SAFETY ISSUES

The lighting industry is encountering increasing safety and environ-
mental concerns. Some of the materials used in lighting fixtures are, or
will soon be, labeled hazardous for disposal.

For example, older ballasts and capacitors may contain polychlori-
nated biphenyl (PCB) oil which should be sent to a facility certified for
handling hazardous wastes. Federal law 40CFR Part 761 requires proper
disposal of leaking ballasts containing PCB oil. Fluorescent lamps contain
mercury vapor (Hg), antimony (Sb), cadmium (Cd) and other toxic chemi-
cals. The new T8 lamps (e.g., 1" diameter) use less phosphor material and
mercury gas than the conventional T12 lamps (e.g., 1-1/2" diameter).
Using T8 lamps should reduce disposal costs and environmental impacts.

5.5.1 Lighting Safety Issues

Lamps are fragile and break easily. Broken fluorescent lamps are
difficult to transport and recycle. Areas subject to vibration or other me-
chanical stress should be illuminated with durable lamps or with fixtures
which have adequate containment for broken lamps within the fixture
housing. Delamping inexpensive fluorescent lighting fixtures can also be
hazardous if the lamp pins come in contact with the fixture housing.

Insulation placed on top of lighting fixtures recessed in the ceiling
may pose a fire hazard unless the fixture is rated for insulation contact.
The insulation can increase the operating temperature of the lamps and
ballasts of fluorescent or high intensity discharge (HID) fixtures, which



Lighting 213

will reduce the lifespan of all the system components.

High intensity discharge lamps have arc tubes which operate at high
temperatures. Pieces of hot arc tube can fall from the fixture if the lamp
wall is fractured. Some manufacturers recommend using lenses or fixture
housings capable of containing incendiary materials.

5.5.2 Energy Policy Act of 1992

As part of the Federal Energy Policy Act of 1992, Congress placed
restrictions on the production and sale of inefficient fluorescent and in-
candescent lamps [10]. These restrictions will require facility managers to
take a hard look at the emerging high-efficiency lighting technologies
when many of the lamps currently in use become difficult or impossible to
find.

Standard cool-white and warm-white F40T12 lamps, the fluorescent
lamps most often seen in commercial lighting fixtures, are specifically
targeted by the Act. The manufacture and sale of low-efficacy F96T12
lamps and many reflector-type and PAR-type incandescent lamps are also
restricted.

Table 5-8 from the Energy Policy Act of 1992 lists the minimum lamp
efficacy and color rendering index requirements for fluorescent and in-
candescent lamps. Manufacturers must comply with these restrictions
between 18 and 36 months after the date of the Act—which was October
24,1992.

While lamps can be exempted from these restrictions for specialty
applications, this law means that facility managers will be able to reduce
life-cycle operation costs for lighting more easily. Since there are some
gaps in suitable lamp replacements, particularly for incandescent
downlights, the law will also spur research and development of new
lighting technology. The Act will be evaluated and amended, if necessary,
around the year 2000.

5.6 IDENTIFYING POTENTIAL EMOS

Lighting is used primarily for workplace illumination, for safety,
and for decoration. In each of these uses, the same three questions can be
asked: (1) How much light is needed? (2) How must the light be con-
trolled? (3) How can lighting be provided most efficiently? When examin-
ing an existing system of lighting, the answers to these questions can be
used to decrease lighting cost and improve lighting efficiency.

Lighting improvements provide cost savings in a number of ways:
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Table 5-8. Criteria for Manufacturing Lamps

Fluorescent Lamps

Minimum
Nominal Average  Effective
Lamp Type Lamp  Minimum  Lamp Date
Wattage CRI Efficacy  (Months)
(LPW)

4-foot medium bi-pin >35W 69 75.0 36

<35W 45 75.0 36

2-foot U-shaped >35W 69 68.0 36

<35W 45 64.0 36

8-foot slimline >65W 69 80.0 18

<65W 45 80.0 18

8-foot high output >100W 69 80.0 18

<100W 45 80.0 18

Incandescent Reflector Lamps

Minimum
Average Effective
Nominal Lamp Wattage Lamp Date
Efficacy (Months)
(LPW)
40-50 .o 10.5 36
51-66 ..o 11.0 36
07-85 o 12.5 36
86-115 oo 14.0 36
116155 .o, 14.5 36
156-205 .o 15.0 36

reduced energy use and power demand; reduced heat production; lower
life-cycle lamp costs; reduced need for maintenance; and increases in
safety and productivity. In some instances, improving lighting quality
increases worker productivity, and can result in greater profitability for a
facility since the benefits of even a small change in worker productivity
can vastly outweigh the relamping and maintenance costs. Figure 5-22
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presents the results of a study of productivity in an office building when
the lighting levels were first cut in half, then restored.

In examining the lighting system, the energy auditor should ask
three questions: first, whether the light is needed; second, whether the
correct amount of light is being used; and third, what is the most cost-
effective lighting technology to use to supply the correct amount and
quality of light. To locate the energy management opportunities, the
auditor should specifically:

e Identify and characterize the visual tasks, and determine the contrast
of the work to the surrounding surfaces.

e Look for the potential to use daylighting and task-specific lighting to
displace high ambient, artificial lighting levels.

Productivity

At 100fc

At 50fc (a productivity
loss of 28%)

Immediately
after
restoration
of 100 fc

Figure 5-22. Productivity Loss from Light Reduction [ref 6, Figure 2]
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e Determine the appropriate lighting levels and the quality of light
needed.

e Select alternative lighting systems to meet the needs, and analyze the
cost-effectiveness of each alternative.

* Select the best alternative to implement.

The remainder of this section provides some specific recommenda-
tions for areas that can result in cost-effective improvements in lighting
systems. The advice of a qualified lighting consultant should be solicited
before undertaking any major lighting retrofit to ensure the task is com-
pleted with the best available technology and the lowest life-cycle costs.

5.6.1 Delamping

Major savings can be obtained by removing some of the lamps that
are producing excessive levels of illumination. The lighting levels in many
facilities have been over-designed to allow for poor maintenance and
relamping practices. The first place to check for excessive light levels is in
corridors and at work stations. The range of footcandles for each task was
given in Table 5-1. Other places where lighting should be examined care-
fully include warehouses and storage areas.

There is often a good potential for delamping fixtures when planned
group relamping is practiced. For example, a fluorescent light fixture with
four new F40T12 40-watt lamps may provide over twice the actual illumi-
nation specified by IES standards for a particular task. In such a case, half
of the lamps can often be removed while still providing the area with
sufficient light levels and light distribution patterns. Hallways with 4-
lamp fixtures frequently offer a good opportunity for removing half the
lamps while maintaining adequate light levels.

If two lamps are removed from a four-lamp fixture, it is usually
better to remove either the inboard or outboard set. Which set depends on
the fixture design. Measuring the light levels after removing each set of
lamps in turn will reveal which set should be removed. The best light
distribution is typically achieved when the lamps are centered in the
fixture. There are low-cost kits available for repositioning lamps. Al-
though some reflector sales people advertise their product as capable of
maintaining the same fixture light output with half the lamps, much of the
increase in light levels is due to centering the lamps in the fixture.

There is usually one ballast for each two fluorescent lamps. The
ballast for rapid-start lamps will continue to consume some power even
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when the lamps are removed. Disconnecting the ballast and capping the
power leads will eliminate this power draw and provide a readily acces-
sible replacement ballast already mounted in the fixture. The ballasts in
instant-start (IS) fixtures automatically disconnect when the lamps are
removed. Leaving burned-out lamps in IS fixtures reduces ballast life.

Example 5-2: The packing and shipping area in a plastic jar production
facility is lighted with 50 fluorescent fixtures that each have four F40T12
40-Watt lamps. It operates two shifts per day for 250 days a year. Light
level measurements show that the average illumination level is about 110
footcandles. Is delamping warranted, and if so, how much can be saved if
electricity costs 8 cents per kWh?

Solution: The IES illumination level standard (Tables 5-4 and 5-5) for
packing and shipping—which are material handling tasks—is 50 foot-
candles as an upper limit for tasks involving large items. Thus, half of the
lamps can be removed if the resulting light distribution pattern is still
acceptable. Assume that each light fixture has two ballasts, and that each
ballast serves two lamps. The two lamps and ballast removed will save 80
Watts for the two lamps, and an additional 15%—or 12 Watts—for the
ballast. The total energy cost savings from this delamping can be calcu-
lated as follows:

Cost savings = (92 Watts/fixture) x (50 fixtures) x (16 hours/day) x
(250 days/year) x (1 kWh/1000 Wh) x ($.08/kWh)

$1472/ year

5.6.2 Task Lighting

Ambient lighting levels can be reduced when adequate task lighting
is supplied for the work. Ambient lighting levels of 25 footcandles or less
are frequently sufficient if the individual work areas have sufficient light
from task-dedicated lighting fixtures. Figure 5-23 demonstrates the place-
ment of supplementary luminaires.

5.6.3 Relamping

Replacing existing lamps, ballasts and luminaires with newer, more
energy-efficient models offers the potential for significant savings on
lighting system costs in many facilities. Lamp replacement is often a
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Figure 5-23. Supplementary Luminaires [ref 1, Figure 9-11]. Examples of
placement of supplementary luminaires: a. Luminaire located to pre-
vent veiling reflections and reflected glare; reflected light does not
coincide with angle of view. b. Reflected light coincides with angle of
view. c. Low-angle lighting to emphasize surface irregularities. d.
Large-area surface source and pattern are reflected toward the eye. e.
Transillumination from diffuse source.

simple procedure if the new lamp works with the existing ballast and
fixture. For example, replacing existing F40T12 40-watt lamps with
F40T12 34-watt lamps in appropriate areas offers an easy and cost-effec-
tive lighting system improvement. Replacing existing F40T12 40-watt
lamps with F32T8 32-watt lamps is a little more complicated as it requires
a change of ballasts and lamp sockets in addition to the lamp change. This
may still be very cost-effective, but it costs more for equipment and labor,
and must be analyzed to see if it is truly cost-effective for a particular
facility.

As another example, a 2'x4' lighting troffer (fixture) using four
F40T12, 34-watt energy-saving lamps can be retrofitted with three F40T10
40-watt high-efficacy lamps or three F32T8 lamps and an electronic bal-
last. These alternatives will maintain or increase light levels and reduce
energy use by about 14% and 35%, respectively.

There are many potential lamp substitutions possible, and it is im-
portant to know what kind of substitutions are reasonable. Table 5-9
shows some of the lamp substitutions which can produce lower life-cycle
costs. Many other lamps are also suitable for replacing commonly used
lamps.

Table 5-10 shows more possible lamp substitutions including some
compact fluorescent lamps.
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Table 5-9. Lamp Substitutions [ref 5, Table 5.8]

Present lamp Substitute Lightlevel  Energy saved
(W/%)
60-W In 30-W RI 100% 30/50
(1000 h) 50-W RI 200% 10/16
60-W In 50-W RI 200 + % 10/16
(2500 h) 55-W PAR/FL 200 + % 5/8
75-W In 55-W PAR/FL 150% 20/27
100-W In 75-W IR 125% 25/25
(750 h) 75-W PAR/FL 200 + % 25/25
75-W ER 200 + % 25/25
100-W In 75-W PAR/FL 100 + % 25/25
(2500 h)
150-W PAR/FL 100-W PAR/FL 70% 50/33
150-W R/FL 100-W PAR/FL 150% 50/33
200-W In 150-W PAR/FL 200 + % 50/33
(750 h) (2000 h)
30-W F 30-W EEL 87% 5/16
40-W F 40-W EEL 89% 6/15
96-W F 96-W EEL 91% 15/20
96-W F/HO 96-W EEL/HO 91% 15/14
96-W F/SHO 96-W EEL/SHO  90% 30/14
175-W MD 100-W HPS 104% 75/42
400-W MD 200-W HPS 96% 200/50
300-W In 150-W HPS 250% 120/50
750-W In 150-W HPS 104% 570/80
1000-W In 200-W HPS 93% 770/80
aAbbreviations:
EEL energy-efficient fluorescent light (such as Watt-Mizer, Super-Saver, etc.)
ER elliptical reflector (shape and inside coating of lamp)
F fluorescent
FL floodlight
HO high output: 1000-ma filament
HPS high-pressure sodium
h hour (mean life expectancy)
In incandescent
MD mercury deluxe: mercury vapor corrected to improve color
PAR parabolic aluminized reflector (see ER)
RI reflective coated incandescent

SHO superhigh output: 1500-ma filament
W Watt



Table 5-10. Lamp Substitutions (including TT)

[ref 7, Table 2]
Value of Energy
Comparative Savings over Life
Light Output  of Replacement

Standard Replacement Wattage of Replacement Lamp at Other
Lamp Lamp Savings? Lamp® $0.08/kWh Benefits*
60W Incandescent 55W Reduced-Wattage Incandescent 5 = $0.40

13W TT Compact Fluorescent with Ballast Adapter 445 + $35.60 X
75W Incandescent 70W Reduced-Wattage Incandescent 5 $0.40

22W Circline Fluorescent 45 = $43.20 X

18W Compact Fluorescent 57 = $34.20
100W Incandescent 95W Reduced-Wattage Incandescent 5 = $0.40

44W Circline Fluorescent 56 = $33.60 X
75W PAR-38 Spot or 65W PAR-38 Spot or Flood Incandescent 10 = $1.60
Flood Incandescent 45W Incandescent (Halogen) 30 = $4.80
150W R-40 Flood 75W ER-30 Incandescent” 75 = $12.00
Incandescent® 120W ER-40 Incandescent® 30 ++ $4.80 X
150W PAR-38 Spotor ~ 90W PAR-38 Spot or Flood Incandescent (Halogen) 60 = $9.60
Flood Incandescent 120W PAR-38 Incandescent 30 = $4.80
300W R-40 Flood 120W ER-40 Incandescent® 180 = $28.80

Incandescent®
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500W Incandescent 450W Self-Ballasted Mercury Vapor6 50 . $64.00
1,000W Incandescent  750W Self-Ballasted Mercury Vapor6 250 - $320.00
F-40 Fluorescent F-40 Reduced-Wattage, High-Efficiency Fluorescent 7 = $11.20
F-40 Reduced-Wattage, High-Efficiency 9.5 = $15.20
Cathode-Disconnect Fluorescent
F-40 Reduced-Wattage, High-Efficiency, Color-improved 7 . $11.20 X
Fluorescent
F-40 Reduced-Wattage, High-Efficiency, Color-improved 9.5 . $15.20 X
Cathode-Disconnect Fluorescent
F-40 High-Brightness Fluorescent 0 + $0.00 X
F-40 Fluorescent F-40 Reduced-Wattage, High-Efficiency Fluorescent 7 = $11.20
(U-Shape) (U-Shape)
F-96 Fluorescent F-96 Reduced-Wattage, High-Efficiency Fluorescent 17.5 o $16.80
F-96 HO Fluorescent F-96 HO Reduced-Wattage, High-Efficiency Fluorescent 21 . $20.20
F-96 1,500 MA F-96 1,500 MA Reduced-Wattage, High- 25 ° $20.00
Fluorescent Efficiency Fluorescent
175W Mercury Vapor ~ 150W Retrofit High-Pressure Sodium 40 ++ $ 38.40 X
250W Mercury Vapor  215W Retrofit High-Pressure Sodium 65 ++ $62.40 X
(Continued)
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Table 5-10. Lamp Substitutions (including TT) (Conclusion)

Value of Energy
Comparative Savings over Life
Light Output  of Replacement

Standard Replacement Wattage of Replacement Lamp at Other
Lamp Lamp Saving32 Lamp3 0.08/kWh Benefits
400W Mercury Vapor 325 Retrofit Metal Halide 70 ++ $112.00 X
400W Retrofit Metal Halide 0 ++ $0.00 X
360W Retrofit High-Pressure Sodium 60 ++ $76.80 X
1,000W Mercury Vapor 880W Retrofit High-Pressure Sodium 160 ++ $204.80 X
950W Retrofit Metal Halide 50 ++ $48.00 X
NOTES
1. This table does not indicate all possible lamp replacement options and, in some cases, replacing the ballast and lamp, or relying on a new

fixture, ballast and lamp will provide better overall performance and energy management than the replacement shown. All numbers
reported in the table are approximations, and in certain cases assumptions are made about the types of fixtures and other conditions
involved. Consult manufacturers for accurate data relative to direct replacements possible for a given installation as well as any ballast
operating temperature or other restrictions which may apply.

Wattage savings include ballast losses, where applicable, assuming use of a standard ballast. Actual ballast losses to be experienced depend
on the specific type of ballast involved and operating conditions which affect its performance. In those cases where wattage savings exceed
the difference in lamp wattage (if any), operation of the replacement lamp also has the effect of reducing ballast losses.

Symbols used indicate the following: + + (substantially more) + (more) = (about the same) e (less) — (substantially less). Consult
manufacturers for accurate information relative to conditions unique to the lamps and installations involved.

Other benefits typically provided by retrofit lamps include: maintenance costs due to longer lamp life; improved productivity, safety/
security, quality control, etc., due to higher light output; ability to reduce the number of lamps installed systemwide due to higher output of
retrofit lamps, and improved color rendition.

When installed in a stack-baffled downlight.

For high voltages only.

(444
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Example 5-3: Calculate the annual savings from replacing 40-watt
F40T12/Workshop lamps with 34-Watt energy-saving lamps in two hun-
dred (200) 4-lamp fixtures which are operated continuously. Assume the
following:

The F40T12/Workshop lamps cost $1.00 each and last for 12,000 hours.
The 34-Watt F40T12 lamps cost $1.50 each and last for 20,000 hours.
Electric energy costs $0.05 per kWh. The demand charge is $5.50 per kW.
The facility is not air conditioned.

Solution:
Annual Energy Savings (ES):
ES = (# of fixtures) x (# of lamps/fixture) x (wattage of low-

efficiency lamps-wattage of high-efficiency lamps) x (an-
nual operating hours)

= (200 fixtures) x (4 lamps/ fixture) x (40 - 34) Watts/lamp x
(8760 hours/yr)

= 800 lamps x 6 Watts/lamp x 1 kW /1000 Watts x 8760 hr/
yr
- 42,048 kWh/yr

Energy Cost Savings (ECS):
ECS =  ES x (cost of electricity)

42,048 kWh /yr x $0.05/kWh
$2102/yr

Demand Reduction (DR):
DR =(# of lamps) x (wattage reduction)

(800 lamps) x (6 Watts) x 1 kilowatt/1000 Watts
4.8 kW

Annual Demand Cost Savings (ADCS):
ADCS DR x Demand Charge

4.8 kW x $5.50/ kW /month x 12 months/yr

$317/yr
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Annual Lamp Cost Savings (ALCS):

The Workshop lights only have a lifetime of 12,000 hours, where the
replacement lamps have a lifetime of 20,000 hours. Each of these costs
must be annualized to determine the actual cost savings. The total number
of lamp hours used in one year is found from multiplying the number of
lamps times the hours of use in one year.

Total annual use = 800 x 8760 hr = 7,008,000 lamp hours

1. Workshop light cost:

To compute the number of Workshop lights needed for one year, divide
the total annual lamp hours needed by the life of one Workshop light.

Number of lights needed = 7,008,000/12,000 = 584 lamps
The annual cost is:
584 lamps/yr x $1.00/lamp = $584
2. 34 Watt light cost:
Number of lights needed = 7,008,000/20,000 = 350 lamps
The annual cost is:
350 lamps/yr x $1.50/lamp = $525
ALCS = $584 - $525 = $59 per year

The total annual savings from this relamping EMO is the sum of all the
savings calculated above.

Total annual cost savings = $2102 + $317 + $59 = $2478

Note that for air-conditioned facilities, the operating costs associated
with lower wattage or more efficient lamps will be reduced because they
produce less heat. Less air conditioning will be needed with this lower
amount of heat produced. This will be discussed further in the air condi-
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tioning chapter in Section 6.4.1.5.

Lighting options should be compared to the existing system in a
recently relamped and cleaned condition. A reasonable estimate of the
lighting levels in the relamped system can be made from measuring
lighting levels and noting the age/operation hours of the lamps. Some
lamp sales representatives demonstrate how their lamp is superior to the
lamps in use by relamping a fixture for comparison with adjacent fixtures.
The results can be misleading due to light losses caused by lamp lumen
depreciation (i.e., old lamps) and lumen dirt depreciation (i.e., the
relamped fixture is usually wiped clean during lamp installation). Make
sure both fixtures are clean and contain new lamps before comparing
lamp alternatives.

5.6.4 Ballasts

Ballasts are an important part of a lighting system, and each ballast
uses from five to twenty percent of the power of the lamp it is associated
with. Furthermore, the ballast draws some power even if the lamp has
been removed. Therefore, when a lamp is removed from a fixture, the
ballast should usually be removed too. The ballast can be stored for future
use, saving additional replacement costs. Ballasts should also be replaced
if they overheat or smoke.

When older coil and core ballasts in a lighting fixture fail, replace-
ment with an electronic ballast should be considered. New, electronic
ballasts are much more efficient than the older magnetic ballasts, and offer
desirable features such as dimming capabilities. When T8 fluorescent
lamps are used, an electronic ballast is usually specified, too.

5.6.5 Lighting Control Technologies

Areas which are seldom occupied do not need constant light, yet
lights are frequently left on in such places. Lights should not be left on in
warehouses and storage areas unless the lights serve some function—
illuminating storage areas for assistance in finding a product or reading
labels, security, or other identified functions. Occupancy sensors have
benefits to offer in these cases.

Fluorescent lamps should be turned off if they will not be used for
five minutes or more. HID lamps should be turned off if they will not be
used for about thirty minutes and quick restart time is not critical. HID
lamps take up to fifteen minutes to regain full light output after restarting.

There are a number of cost-effective control EMOs that can be used
to turn off lights that are not needed, or to utilize daylighting to supple-
ment artificial lighting. These control technologies are discussed below,
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and additional discussion of controls is covered in chapter nine. Example
9-3 illustrates the savings from an application of occupancy sensors.

Switches: Many types of switches are available for controlling lighting.
The simplest is the standard wall-mounted snap switch. Switches should
be installed in the areas in which the fixtures are controlled. Rewiring to
reduce the number of fixtures controlled by a single switch increases the
ability of occupants to control the amount of lighting that is used. Install-
ing switches next to one another frequently results in all the available
lighting operating at once because people tend to turn on all the switches
at once. If switches are installed next to each other, installing the switch
upside-down that controls the least-needed lights will reduce the chance
of that switch being turned on accidentally.

Other types of switches control lighting fixture operation on the
basis of lighting levels, time, motion, or infrared radiation. Exterior light-
ing should be controlled by a light-sensitive switch. Photocells operate the
lighting between dusk and dawn. They are available in various sensitivi-
ties. It is best to use photocells which turn the fixture on when they fail;
this provides a good signal that replacement is necessary. The fail-off type
can remain undetected and leave a facility without security lights.

Photocell input can also be used as a basis for controlling interior
lighting. Some energy management control systems (EMCS) can use pho-
tocell input data for automatically adjusting indoor lighting levels to
maintain a constant value when dimmable ballasts are used.

Timers: Timers can be used to control outdoor lighting but some are
subject to inaccuracy due to seasonal changes in day-length, daylight
savings time changes, clock slippage, power outages, and manual over-
ride. Adjustments should be made to simple timers about four times per
year to prevent unnecessary operation of equipment. Timers can be used
in conjunction with photosensors to reduce lighting costs if the lighting
can be turned off before dawn.

Occupancy Sensors: Occupancy sensors can also be used to reduce un-
necessary lighting use. Infrared sensors are directional and useful for
active areas; ultrasonic sensors are fairly non-directional. The sensor’s
coverage of the area must be complete or nuisance cutoffs will occur and
the occupants will remove the sensors.
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Example 5-4: The prisoner holding cells in a courthouse utilize two fix-
tures with two F40T12 lamps each to illuminate an 8'x12' area. The cells
are usually occupied a maximum of 45 minutes per day but they are
illuminated about 12 hours per day. How much can you save by installing
occupancy sensors in these cells? Calculate the simple payback period and
return on investment if the sensors cost $70 installed and have a ten year
life? Electricity costs 8 cents per kWh.

Solution: Assume that the occupancy sensor has a delay built into its
operation, and that the lights will operate 1 hour a day, five days a week,
50 weeks a year. Further assume that each light fixture with its ballast
consumes 80 Watts for the two lamps, and an additional 15%—or 12
Watts—for the ballast. Thus, the total savings from the occupancy sensor
is found from:

Cost Savings = (2 fixtures/ cell) x (92 Watts/ fixture) x (1 kW /1000 Wh)
x (11 hours/day) x
(5 days/week) x (50 weeks/year) x ($.08/kWh)

$40.48/ year per cell

SPP = Installed cost/annual savings
=$70/$40.48/ year
=1.73 years

ROR = Solution to:

=%$40.48 - (P/A, i, 10) = $70

=572%

Dimmers: Dimmers are good for areas which require low ambient light-
ing levels most of the time with an occasional need for bright lighting.
Solid-state dimmers operate by reducing the voltage supplied to the
lamps. This reduces energy use and extends lamp life. However, fluores-
cent and HID lamps cannot be dimmed without dimmable ballasts. Rheo-
stat dimmers are not recommended for any application because they
produce considerable heat and do not save energy.
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5.6.6 Other Lighting EMOs

5.6.6.1 Exterior Lighting

Exterior lighting is another area in which lighting energy is often
wasted. In motels, for example, peripheral lighting is often left on both
day and night. Such waste can be easily corrected with a timer or with a
light switch turned on and off by a photocell. Each of the perimeter and
outside lights should be carefully considered to see when it should be on,
how much light is needed for the intended function, and whether more
efficient lighting sources would work as well as those now being used.

5.6.6.2 Daylighting

Windows and skylights are often used to add light in a given area.
One problem is that windows admit radiant heat as well as light, and it
may be more expensive to remove the heat than to supply the light. In that
case, the windows should be treated with exterior-mounted solar screens,
louvers, or a reflective film with a low shading coefficient and a high
percentage transmission of visible light. Daylighting is discussed in more
detail in Chapter 13.

5.6.6.3 Environmental Factors

An area can appear to be dark if the walls, floors, or ceilings are
painted (or otherwise covered) in dark colors or are greasy or dirty. Using
light colors for paint and flooring, or cleaning these surfaces more often
can make the existing light more effective and thereby save money.

5.6.7 Selecting Lights for a New Facility

Any time a new facility is built, or an existing facility is expanded,
there is a significant opportunity to save on energy costs by selecting and
installing cost-effective, energy-efficient lighting systems at the time of
construction. It is almost always cheaper to install correct equipment the
first time than to retrofit existing equipment. Greater first costs may
produce significantly lower operating costs, and provide cost-effective
savings for the facility. Unfortunately, many design decisions are made on
the basis of first cost rather than life-cycle costs which include operation
and maintenance costs. Utilizing life-cycle costing can assure the lowest
lighting costs throughout the life of the lighting system.

Example 5-5. Gator Plastics Company is experiencing such a growth in
demand for their products that they are planning on adding a new pro-
duction room. Their Industrial Engineer is responsible for selecting the
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lighting system to be installed. The IE has identified two alternative
lighting systems. Alternative One uses 40 fluorescent light fixtures with
four 34-Watt lamps in each fixture, together with a four-lamp ballast that
consumes a total of 20 watts. This system costs $2000 to purchase and
$2000 to install. Alternative Two uses 40 fixtures with three 40-Watt T10
lamps, together with one three-lamp electronic ballast that consumes a
total of 15 Watts. This system costs $2400 to purchase and $2000 to in-
stall. If each lighting system lasts six years, the lights are used 2000 hours
per year, electricity costs $0.08 per kWh, and the company’s investment
rate is 8%, which alternative should the IE select? Calculate the three
standard economic evaluation measures for each alternative—SPP, ROR
and B/C ratio.

Solution:
Alternative One: The operating cost is found as follows:
Annual cost = (40 fixtures) x (156 Watts/ fixture) x (2000 hours)
x (1 kWh/1000 Wh) x ($0.08/kWh)
= $998.40

Alternative Two:
Annual cost = (40 fixtures) x (135 Watts/ fixture) x (2000 hours)
x (1 kWh/1000 Wh) x ($0.08/ kWh)
= $864.00

Economic evaluation: Alternative Two costs $400 more than Alternative
One, but it saves ($998.40 - $864.00) = $134.40 per year in operating costs.
To determine if this additional cost is a good investment, we need to
calculate the three standard economic performance measures.

SPP

Initial cost/ Annual cost savings
$400/$134.40 = 3.0 years

The ROR is found by solving:

($134.40 (P/ A, i, 6) = $400
ROR = 24.6%

Using the methods from Chapter 4 to find the present worth of the
annual savings gives:
B/C $134.40 x (P/ A, 8%, 6)/ $400
$134.40 x 4.623/$400 = 1.55

Thus, for many companies the added cost of alternative two would be
considered a good investment.
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5.7 LIGHTING CHECKLIST

Lighting and maintenance costs can be reduced with a concurrent
improvement in worker productivity, safety, and comfort. Figure 5-24
presents a checklist of energy-saving guidelines for lighting developed by
the Illuminating Engineering Society.

5.8 EPA GREEN LIGHTS PROGRAM

In 1991, the U.S. Environmental Protection Agency (USEPA) initi-
ated an innovative pollution prevention strategy with its Green Lights
Program. Working in partnership with corporations and governmental
entities, this program was designed to achieve voluntary reductions in
energy use through the adoption of revolutionary lighting technologies.

The EPA has estimated that energy-efficient lighting can reduce
lighting electricity demand by over 50 percent which translates into a cut
of more than 10 percent in the nation’s demand for electricity. This means
that the power plants will burn less fuel. For every kilowatt-hour of
electricity that is avoided, the EPA estimates that the country avoids the
emission of 1.5 pounds of carbon dioxide, 5.8 grams of sulfur dioxide, and
2.5 grams of nitrogen oxides. Other pollution is reduced from mining and
transporting power plant fuels and disposing of power plant wastes. As of
January 31, 1993, the program had reduced lighting electricity consump-
tion by over 100 million kilowatt-hours per year. By the year 2000, the
Green Lights program is expected to save 226.4 billion kWh annually,
resulting in total electricity demand savings of 39.8 million kilowatts.

To become a Green Lights Partner, an organization must sign a
Memorandum of Understanding (MOU) with the EPA. In the MOU,
Green Lights participants agree to survey their facilities and, within 5
years of signing the MOU, to upgrade lighting in 90 percent of their
square footage, where it is profitable and where lighting quality is main-
tained or enhanced. Participants also agree to appoint an implementation
manager who oversees participation in the program. As of March 1993,
over 800 organizations had joined the Green Lights program.

The EPA provides the Green Lights partners with a number of
products, information, and services:

e state-of-the-art computer software package that enables Partners to
survey lighting systems in facilities, assess lighting options, and select
the best energy-efficient upgrade.



Figure 5-24. Checklist of Energy Saving Guidelines for Lighting Ideas

Lighting Needs

®  Visual tasks: specification

e Safety and esthetics

e Opverlighted application

e Groupings: similar visual tasks
e Task lighting

e  Luminance ratios

Space Design and Utilization

e Space plan

o Room surfaces

®  Space utilization:
branch circuit wiring

®  Space utilization: occupancy

[ref 1, Figure 4-6] [ref 6, figure 2]

Identify specific visual tasks and locations to determine recommended illuminances for tasks and
for surrounding areas.

Review lighting requirements for given applications to satisfy safety and esthetic criteria.

In existing spaces, identify applications where maintained illumination is greater than recom-
mended. Reduce energy by adjusting illuminance to meet recommended levels.

Group visual tasks having the same illuminance requirements, and avoid widely separated work-
stations.

Illuminate work surfaces with luminaires properly located in or on furniture; provide lower
ambient levels.

Use wall washing and lighting of decorative objects to balance brightnesses.

When possible, arrange for occupants working after hours to work in close proximity to one
another.

Use light colors for walls, floors, ceilings and furniture to increase utilization of light, and reduce
connected lighting power to achieve required illuminances. Avoid glossy finishes on room and
work surfaces to limit reflected glare.

Use modular branch circuit wiring to allow for flexibility in moving, relocating or adding lumin-
aires to suit changing space configurations.

Light building for occupied periods only, and when required for security or cleaning purposes (see
chapter 31, Lighting Controls).

(Continued)
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Figure 5-24. Checklist of Energy Saving Lighting Ideas (Continued)

Daylighting
e Daylight compensation

e Daylight sensing
e Daylight control

e Space utilization

Lighting Sources: Lamps and Ballasts
*  Source efficacy

*  Fluorescent lamps

e  Ballasts

e HID

*  Incandescent

e Compact fluorescent

e  Lamp wattage
reduced-wattage lamps

e Control compatibility

e System change

If daylighting can be used to replace some electric lighting near fenestration during substantial
periods of the day, lighting in those areas should be circuited so that it may be controlled manually
or automatically by switching or dimming.

Daylight sensors and dimming systems can reduce electric lighting energy.

Maximize the effectiveness of existing fenestration-shading controls (interior and exterior) or
replace with proper devices or shielding media.

Use daylighting in transition zones, in lounge and recreational areas, and for functions where the
variation in color, intensity and direction may be desirable. Consider applications where daylight
can be utilized as ambient lighting, supplemented by local task lights.

Install lamps with the highest efficacies to provide the desired light source color and distribution
requirements.

Use T8 fluorescent and high-wattage compact fluorescent systems for improved source efficacy and
color quality.

Use electronic or energy efficient ballasts with fluorescent lamps.

Use high-efficacy metal halide and high-pressure sodium light sources for exterior floodlighting.
Where incandescent sources are necessary, use reflector halogen lamps for increased efficacy.
Use compact fluorescent lamps, where possible, to replace incandescent sources.

In existing spaces, use reduced-wattage lamps where illuminance is too high but luminaire loca-
tions must be maintained for uniformity. Caution: These lamps are not recommended where the
ambient space temperature may fall below 16°C (60°F).

If a control system is used, check compatibility of lamps and ballasts with the control device.

Substitute metal halide and high-pressure sodium systems for existing mercury vapor lighting
systems.

(454
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Luminaires

Maintained efficiency

Improved maintenance
Luminaire efficiency:

replacement or relocation

Heat removal

Maintained efficiency

Lighting Controls

Switching: local control

Selective switching

Low-voltage switching systems

Master control system

Multipurpose spaces

“Tuning” illuminance

Scheduling

Select luminaires which do not collect dirt rapidly and which can be easily cleaned.

Improved maintenance procedures may enable a lighting system with reduced wattage to provide
adequate illumination throughout system or component life.

Check luminaire effectiveness for task lighting and for overall efficiency; if ineffective or inefficient,
consider replacement or relocation.

When luminaire temperatures exceed optimal system operating temperatures, consider using heat
removal luminaires to improve lamp performance and reduce heat gain to the space. The decrease
in lamp temperature may, however, actually increase power consumption.

Select a lamp replacement schedule for all light sources, to more accurately predict light loss factors
and possibly decrease the number of luminaires required.

Install switches for local and convenient control of lighting by occupants. This should be in
combination with a building-wide system to turn lights off when the building is unoccupied.

Install selective switching of luminaires according to groupings of working tasks and different
working hours.

Use low-voltage switching systems to obtain maximum switching capability.

Use a programmable low-voltage master switching system for the entire building to turn lights on
and off automatically as needed, with overrides at individual areas.

Install multicircuit switching or preset dimming controls to provide flexibility when spaces are
used for multiple purposes and require different ranges of illuminance for various activities.
Clearly label the control cover plates.

Use switching and dimming systems as a means of adjusting illuminance for variable lighting
requirements.

Operate lighting according to a predetermined schedule.

(Continued)
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Figure 5-24. Checklist of Energy Saving Lighting Ideas (Conclusion)

Occupant /motion sensors

Lumen maintenance

Ballast switching

Operation and Maintenance

Education

Parking

Custodial service
Reduced illuminance

Cleaning schedules
Program evaluation
Cleaning and maintenance
Regular system checks
Renovation of luminaires

Area maintenance

Use occupant/motion sensors for unpredictable patterns of occupancy.

Fluorescent dimming systems may be utilized to maintain illuminance throughout lamp life,
thereby saving energy by compensating for lamp-lumen depreciation and other light loss factors.

Use multilevel ballasts and local inboard-outboard lamp switching where a reduction in illumi-
nances is sometimes desired.

Analyze lighting used during working and building cleaning periods, and institute an education
program to have personnel turn off incandescent lamps promptly when the space is not in use,
fluorescent lamps if the space will not be used for 5 min or longer, and HID lamps (mercury, metal
halide, high-pressure sodium) if the space will not be used for 30 min or longer.

Restrict parking after hours to specific lots so lighting can be reduced to minimum security
requirements in unused parking areas.

Schedule routine building cleaning during occupied hours.
Reduce illuminance during building cleaning periods if building is not otherwise occupied.

Adjust cleaning schedules to minimize time of operation, by concentrating cleaning activities in
fewer spaces at the same time and by turning off lights in unoccupied areas.

Evaluate the present lighting maintenance program, and revise it as necessary to provide the most
efficient use of the lighting system.

Clean luminaires and replace lamps on a regular maintenance schedule to ensure proper illumi-
nance levels are maintained.

Check to see if all components are in good working condition. Transmitting or diffusing media
should be examined, and badly discolored or deteriorated media replaced to improve efficiency.

Replace outdated or damaged luminaires with modern ones which have good cleaning capabilities
and which use lamps with higher efficacy and good lumen maintenance characteristics.

Trim trees and bushes that may be obstructing outdoor luminaire distribution and creating un-
wanted shadows.
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e Green Lights bulletin board system which provides participants with
software files to download to their own computer systems.

e user-friendly data bases of every third party financing program avail-
able.

e an Ally Program which induces lighting manufacturers, lighting
management companies, and electric utilities that have agreed to
educate customers about energy-efficient lighting.

e technical support including a technical services hotline, workshops,
and a comprehensive Lighting Upgrade Manual.

e aNational Lighting Product Information program which makes infor-
mation about lighting available to members. This program has pub-
lished information of electronic ballasts, reflectors, current limiters,
occupancy sensors, compact fluorescent packages, and parking lot
luminaires. It also publishes a Guide to Performance Evaluation of
Efficient Lighting Products.

5.9 SUMMARY

The lighting system in a facility is an important area to examine and
to improve in terms of energy efficiency and quality of light. This chapter
has discussed the lighting system, described the components of the sys-
tem, and provided suggestions for ways to improve the system. Lighting
technology is changing at a rapid pace, and new lamps and ballasts are
being developed and marketed almost daily. Major energy savings oppor-
tunities exist in most older lighting systems, and additional cost-effective
savings is often possible in relatively new systems since technology is
continually improving in this area.
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Chapter 6

Heating, Uentilating, and
flir Conditioning

6.0 INTRODUCTION

The heating, ventilating, and air conditioning (HVAC) system for a
facility is the system of motors, ducts, fans, controls, and heat exchange
units which delivers heated or cooled air to various parts of the facility.
The purpose of the HVAC system is to add or remove heat and moisture
and remove undesirable air components from the facility in order to
maintain the desired environmental conditions for people, products or
equipment. Providing acceptable indoor air quality is a critical function of
the HVAC system, and air movement to remove odors, dust, pollen, etc. is
necessary for comfort and health. It may also be necessary to air-condition
an area to protect products or to meet unusual requirements such as those
in a laboratory or a clean room.

The HVAC system is responsible for a significant portion of the
energy use and energy cost in most residential and commercial buildings.
Because many industrial facilities do not have heated or cooled produc-
tion areas, HVAC energy use does not account for as great a portion of the
total energy use for these facilities. However, a number of manufacturing
plants are fully heated and air conditioned, and almost all industrial
facilities have office areas that are heated and cooled. Thus, looking for
ways to save on the energy costs of operating a facility’s HVAC system is
an important part of any energy management program.

Many facilities have HVAC systems that were designed and in-
stalled during periods of low energy costs; these are often relatively
expensive to operate because energy efficiency was not a consideration in
the initial selection of the system. In addition, many HVAC systems are
designed to meet extreme load conditions of very hot or very cold
weather; they are then poorly matched to the average conditions that are
experienced most of the time. Thus, improving the operation of the HVAC
system provides many opportunities to save energy and reduce costs. In
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this chapter we describe how an HVAC system works, discuss the major
components of HVAC systems, analyze heating and cooling loads and
ventilation requirements, and give methods for improving the energy
efficiency of existing HVAC systems.

61 HOW AN HVAC SYSTEM WORKS

Air in a facility absorbs heat from lights, people, industrial pro-
cesses, and the sun, and air conditioning removes the excess heat in order
to provide a comfortable working environment. The air conditioning sys-
tem also removes excess humidity. In periods of cold weather, the heating
system adds heat if the working environment is too cold for worker
comfort. During the heating season, moisture may be added to increase
the humidity. The HVAC system also provides ventilation and air move-
ment even when no heating or cooling load is present.

HVAC systems vary depending on the fluid that is used as a heat
exchange medium (usually water or air), on the particular requirements
for the system, and on the type of system that was in style when the
building was originally built. All heating systems have certain compo-
nents in common: a source of heat, some means for transferring the heat
from the point of generation to the point of use, and a control system. The
source of heat is usually a boiler, a furnace, or the sun. For cooling
systems, the source of cold temperature is usually a chiller, although cold
air can be supplied either as the exhaust air from a cold area or as cool air
brought into the facility during periods when the outside air is at a lower
temperature than the inside air. The heat or cold is usually transferred
from a furnace, a boiler, or a chiller to the air, and this air is distributed to
the points of use.

An alternative system may distribute heated or chilled water to the
points of use where the water heats or cools the air to be blown into the
room. The control system may be as simple as a thermostat that turns on a
furnace when it senses room temperature below a preset level, or it may
be very elaborate, controlling air volume, humidity, and temperature
through monitoring inputs from many sensors and actuating valves, mo-
tors, and dampers.

6.1.1 Dual-Duct System

One way to understand how HVAC systems work is to first learn
how one system works and then to see other systems as variations of that
system. One of the more widely found HVAC systems is the dual-duct
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system, which is illustrated in Figure 6-1. Outside air is introduced
through dampers (see Figure 6-1) which filter and control the amount of
incoming air. This outside air is mixed with return air; the amount which
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Figure 6-1. Dual-duct HVAC system.
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is mixed is controlled by a return air damper. The air is then blown by a
supply fan into both a hot duct and a cold duct. The air in the hot duct
passes through heating coils and is sent at a preset temperature to the
rooms where it is used. The air in the cool duct goes through conditioning
coils and thence to the rooms; its temperature is set when it leaves the
cooling coils. At each room, the cold and hot air go into a mixing box
controlled by a thermostat; from the mixing box, the air with the desired
temperature and moisture level enters the room. Later the air, with the
heat, the cold, and the contaminants from the room, is removed through a
return air grille and exhausted to the outside and/or returned as part of
the intake air.

The dual-duct system has the advantage that it can accommodate
widely differing demands for heating and cooling in different zones of a
building by changing the ratio of hot to cold air in each zone. Its control
system is also easily understood and relatively maintenance-free. The
dual duct system has three main disadvantages. First, it requires much
ductwork with attendant cost and space usage. Second, when the hot and
cold ducts are next to each other, unproductive heat transfer takes place,
and energy use and costs increase. Third, the use of energy to heat and
cool simultaneously makes the dual-duct system a relatively inefficient
system with respect to the energy required to perform the HVAC func-
tion.

Most of the original dual-duct systems in facilities have been modi-
fied so that the energy efficiency of the system is much better. Often this
means that one of the ducts has been shut down so that heating and
cooling are not provided at the same time for the entire system. This is an
acceptable solution for some facilities with fairly uniform loads in all
areas, and where moisture control is not a problem. Some of the systems
have been modified to become variable air volume systems which are
discussed in Section 6.1.4.1. Other systems use one duct for supplying
heat or cooling to the core area of the facility, and perimeter fan-coil units
are used to supply heat or cooling to the areas of the facility that are likely
to need additional conditioned air.

6.1.2 Single-Duct, Terminal Reheat System Operation

A second type of system is a single-duct, terminal reheat system, and
is illustrated in Figure 6-2. In this system, outside air enters through
dampers, is mixed with return air in a mixing box or plenum, and is forced
by a supply fan through a cooling unit. The air that has been cooled passes
through a single supply duct to mixing boxes which contain a heating unit
of some type—typically a hot water coil, and the air is then sent into a
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room. The return air system is similar to that described for the dual-duct
system. When the source of heat for the reheat coil is a boiler, a common
design fault is to have pumps continuously running water from the boiler
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Figure 6-2. Terminal reheat HVAC system.
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through the heating coil system. This uses electricity constantly for the
pumps but avoids the thermal shock that might occur if cold water were
injected into a warm boiler. A better alternative is to install a mixing valve
at the boiler so that the pumps can be shut down when heating is not
needed.

Many original terminal reheat systems used electric resistance heat-
ers for the source of reheat. When electric energy costs greatly increased,
most of these systems were modified to eliminate many of the terminal
reheat units, and to use hot water coils and a gas or oil-fired boiler to
supply the heat actually needed. Some of these terminal reheat systems
were also modified to become variable air volume systems (see Section
6.1.4.1). Reheat systems are being used more now since ventilation stan-
dards have changed, and more outside air must now be brought into the
facility.

6.1.3 System components

The typical components found in HVAC systems include dampers,
grilles, filters, coils, fans, ductwork, and a control system. Each of these
contributes to the operation of the HVAC system as follows:

Dampers. A damper controls a flow of air. If the damper is open, the
air can flow unimpeded; if it is closed, the flow is reduced to 5-10% of
open-damper flow, with the percentage dependent on the construction
and maintenance of the damper. Dampers are usually used to regulate the
flow of outside air into a system or to control the flow from one part of the
system to another part, as in the case of a return air damper (A in Figure 6-
2). In Figure 6-2, if the return air damper is closed and the outside air
damper is open, all the heat (or cooling) in the return air is lost to the
surrounding atmosphere. If the return air damper is open and the outside
damper closed, then all the air is recirculated. Most HVAC systems oper-
ate somewhere between these two extremes, since some outside air must
be supplied to buildings to meet health and safety code requirements.

Grilles. A screen—or grille—is usually placed upstream from a
damper to catch bugs, lint, and debris before they go into the air distribu-
tion system. When a grille gets plugged or is blocked by objects such as
furniture or stored material, this part of the air distribution system does
not work. The authors saw a school where the temperature was consis-
tently too hot for comfort although the air conditioning control system
and other components seemed to be functioning properly. The grilles,
however, were completely plugged with lint. When the grilles were
cleaned, the problem disappeared.

Fans. Fans provide the power to move air through the air distribu-
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tion system. A typical fan has three main parts: a motor, belts or a chain to
transmit power from the motor to the fan blades (many small fans are
direct drive), and the blades with their housing. If any one of these parts
fails or is not connected properly, the fan will not move air, and this part
of the air conditioning system will not work.

Heat Exchange Surfaces. The air that circulates through the HVAC
system must usually be heated or cooled in order to be useful. This
heating or cooling takes place when air is forced around a coil or finned
surface containing hot or cold fluid. If these heat exchange surfaces are
fouled with dirt, grease, or other materials with poor heat conduction
properties, heat exchange will be inefficient, and more heat or cooling
energy will have to be used in order to heat or cool air to the desired
temperature.

Ductwork. Ductwork directs and conducts air from the heat exchange
surfaces to the rooms where the hot or cold air is desired, and it conducts
the exhaust air from these rooms back to the mixing plenum and to the
outside. This function is impaired if the ducts leak or if loose insulation or
other obstructions slow the airflow within the ducts.

HVAC Control System. An HVAC control system transforms the
operating instructions for desired environmental conditions into the air
temperatures and ventilation volumes desired in the working environ-
ment. The control system has the task of regulating the HVAC system so
that these instructions are met as nearly as possible.

The control system accomplishes its function through a system of
sensors, actuators, and communication links. The sensors send appropri-
ate electrical or pneumatic signals when some temperature, pressure, or
humidity threshold has been crossed. These signals are sent through a
communication network, generally using either an electrical or pneumatic
system. Signals can also be multiplexed through electrical supply lines, or
radio transmission can be used. Upon reaching their destinations, the
control signals are then translated into additional pneumatic or electrical
signals that are used to open or close dampers, to regulate fans, and to
initiate or stop the source of heating or cooling.

Dampers can be opened or closed to regulate the amount of incom-
ing air, the amount of exhaust air that is mixed with fresh air, and the
amount of air that is introduced into an area. Fans can be turned on or off
to increase air coming into a room or being exhausted from it, or their
speed can be regulated so that the amount of air coming into a room is no
more than is needed for proper ventilation and temperature control. Boil-
ers or chillers can be turned on to provide heat or cooling for the heat
exchangers. Boiler controls are discussed in more detail in Chapter Eight.
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6.1.4 Other HVAC System Types

Section 6.1.1 described the working of a dual-duct system, and Sec-
tion 6.1.2 described the working of a terminal reheat system. Other com-
mon HVAC system types are variable air volume (VAV), fan coil, unit
ventilator, induction, steam, and hot water systems. These systems are
described briefly below because an energy auditor will invariably run into
each of them at some time. For more detail, see References 6 and 7.

6.1.4.1 VAV systems.

In a variable air volume (VAV) system, tempered (heated or cooled)
air is forced into a room at a rate dependent on the amount of heating or
cooling desired. If the air volume needed is relatively constant, then a
simple approach is to use dampers in VAV boxes installed in each duct
opening where the air enters the room. If the air volume needed at differ-
ent times changes significantly, the fan motor must have an adjustable
speed drive so that the volume of air moved can be carefully controlled. If
less heating or cooling is desired, less hot air is blown into the room. The
advantage of this system is that only the amount of air needed is used,
and, since power requirements vary as the cube of air volume moved, less
air volume means less electrical consumption.

Some of the disadvantages of this system include the complexity and
difficulty of maintaining the controls, and the need to use and control
high-velocity airstreams. However, new control technologies have im-
proved these problems, and this system is probably the most widely used
HVAC system for installation in new buildings. Increased ventilation
requirements for health and safety have resulted in more VAV systems
needing fan motors with adjustable speed drives. Previously, VAV boxes
in rooms could be shut down far enough to provide very low air flow
rates; now this cannot be done, so the air flow must be more controllable
to meet the required ventilation air flows. In addition, if moisture control
is needed in a facility, it is necessary to have reheat to bring the tempera-
ture of the overcooled air back up to a comfortable temperature. Thus,
even with the use of latest technology VAV systems it is still usually
necessary to have reheat available.

6.1.4.2 Fan coil systems.

The fan coil system provides heat or cooling by using a fan to move
room air across heating or cooling coils and back into the room. No
outside air is introduced for ventilation, and no ductwork for outside air is
needed. Air is usually distributed directly from the unit, and no ductwork
is needed for supply air or return air. Control of the conditioned air is
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provided by varying the amount of heating or cooling fluid circulated
through the coil and/or the fan speed.

6.1.4.3 Unit ventilators.

In this system, air is brought in directly from the outside and heated
or cooled as it enters the room. A window air conditioner falls into this
category as do many of the individual packaged room units in motels. The
advantage of this system is that each room can be individually and easily
controlled; the disadvantages are that installation costs are high and the
occupants do not usually control temperatures so as to minimize energy
consumption.

6.1.4.4 Induction units.

In these units, high-pressure supply air flows through nozzles and
induces additional room air flow into the unit. This secondary air flows
over heating or cooling coils and back into the room. This system provides
both ventilation and heating or cooling at relatively low capital and en-
ergy costs. It also gives good local control of temperature. Its disadvan-
tages are that its controls are complex and that each unit must be main-
tained regularly to keep it free of lint and dust.

6.1.4.5 Steam units.

In these systems, heat is produced from steam that condenses in
radiators and is transferred either by fans or by natural convection. The
condensate is then returned to the boiler where the steam was generated.
The advantages of such systems include low initial and maintenance
expenses for a multiroom installation. Disadvantages may include the
need to operate the boiler when only a small part of the boiler design
capacity is needed—for example, when only one or two rooms need heat
and the boiler was designed to meet the needs of an entire building.

6.1.4.6 Water systems.

Water systems range from complex high-temperature units to the
more familiar two-pipe units found in many old apartment buildings. In a
typical water system, hot or cold water is pumped through coils and heats
or cools air that is drawn around the coil by natural convection or by fans.
In a two-pipe system, water enters the radiator through one pipe and
leaves by another. In this system, complex valving is necessary to be able
to change the system from heating to cooling, and the system operators
must be skilled. In a four-pipe system, two pipes take and remove hot
water and two take and remove chilled water, with the relative amounts
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of each depending on the amount of heating or cooling desired. The four-
pipe system involves more plumbing than the two-pipe system but avoids
the necessity for changing from hot to cold water throughout the system.

The main advantage of water systems is that they move a large
amount of heating and cooling energy in return for a small amount of
pumping energy; the amount of distribution energy per unit of heating or
cooling is significantly less than that of an air system. The main disadvan-
tage is the large amount of plumbing involved. Piping is expensive to buy
and to install, and leaks in piping can cause far more expensive conse-
quences than leaks in air-duct systems.

6.1.4.7 Heat pump systems.
A heat pump system is an HVAC system which uses the vapor-

compression refrigeration cycle in a reverse mode. A heat pump system
can move heat either to the inside or to the outside, so it can provide
heating or cooling as the need arises. Single compressor systems up to
about 25 to 30 tons are the most common. If a facility is going to be air
conditioned, then the heat pump system is often a low cost system to
provide the heating needed. In the moderate climate areas of the South
and West, air-to-air heat pumps are very effective for heating. Use of
water-to-air or ground-source heat pumps greatly expands the area where
these systems are cost-effective.

6.2 PRODUCTION OF HOT AND COLD FLUIDS
FOR HVAC SYSTEMS

6.2.1 Hot Fluids

Hot air, hot water and steam are produced using furnaces or boilers
which are called primary conversion units. These furnaces and boilers can
burn a fossil fuel such as natural gas, oil or coal, or use electricity to
provide the primary heat which is then transferred into air or water.
Direct production of hot air is accomplished by a furnace which takes the
heat of combustion of fossil fuels or electric resistance heat, and transfers
it to moving air. This hot air is then distributed by ductwork or by direct
supply from the furnace to areas where it is needed.

Hot water is produced directly by a boiler which takes the heat from
combustion of fossil fuels or electric resistance heat, and transfers it into
moving water which is then distributed by pipes to areas where it is
needed. A boiler might also be used to add more heat to the water to
produce steam which is then distributed to its area of need. The combus-
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tion process and the operation of boilers and steam distribution systems
are described in detail in Chapters Seven and Eight.

6.2.2 Cold Fluids

Cold air, cold water and other cold fluids such as glycol are pro-
duced by refrigeration units or by chillers, which are the primary conver-
sion units. Refrigeration units or chillers commonly use either a vapor-
compression cycle or an absorption cycle to provide the primary source of
cooling which is then used to cool air, water or other fluids to be distrib-
uted to areas in which they are needed.

6.2.2.1 The basic vapor-compression cycle.
Room air conditioners and electrically powered central air condi-

tioners with capacities up to 20-30 tons (or up to 100 tons with multiple
compressors) operate using the basic vapor-compression cycle which is
illustrated in Figure 6-3. There are four main components in a refrigera-
tion unit using the vapor-compression cycle: the compressor, the con-
denser, the expansion valve and the evaporator. There is also a working
fluid which provides a material that experiences a phase change from
liquid to gas and back in order to move heat from one component of the
system to another. The working fluid is typically a chlorofluorocarbon or
CFC, but these CFCs are being phased out because of the damage they
cause to the ozone layer. Hydrofluorocarbons or HFCs, or Hydrogen-
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Figure 6-3. Vapor compression refrigeration cycle.
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CFCs or HCFCs are already in use in some systems, and are expected to
serve as replacements for CFCs until totally ozone-safe working fluids are
developed. The replacement of CFCs is discussed in more detail in Section
6.2.3.

We can start the description of the vapor-compression cycle opera-
tion at any point in the diagram, so let’s start at the compressor. As the
working fluid enters the compressor, it is in the state of a low temperature
and low pressure vapor. After compression, the fluid becomes a high
pressure, superheated vapor. This vapor then travels to the condenser
which is a heat transfer coil that has outside air blowing through it. As the
heat from the vapor is transferred to the outside air, the vapor cools and
condenses to a liquid. This liquid then travels to the expansion valve
where both its pressure and temperature are reduced. Next, the low
pressure, low temperature liquid travels to the evaporator, which is an-
other heat transfer coil. Air from inside the conditioned space is blown
through the evaporator coil, and heat from this air is absorbed by the
working fluid as it continues to expand to a low pressure and low tem-
perature vapor as it passes through the evaporator. The inside air has now
been cooled as a result of some of its heat content being absorbed by the
evaporator, and this cool air can be distributed to the area where it is
needed. Finally, the cycle repeats as this low pressure and low tempera-
ture vapor from the evaporator returns to the compressor.

Rapid heat transfer from the inside air to the evaporator coil, and
from the condenser to the outside air is critical to the proper operation and
energy efficiency of a refrigeration unit using the vapor-compression
cycle. These coils must be kept clean to allow rapid heat transfer. If the
coils are dirty or air flow is partially blocked because of physical obstruc-
tions or shrubbery, the refrigeration unit will not work as effectively or as
efficiently as it should. Duct leakage is also a common reason for poor
cooling or low air flow. Proper operation also requires the correct amount
of working fluid in the system. If leaks have allowed some of the fluid to
escape, then the system should be recharged to its rated level.

6.2.2.2 Chillers.

A typical chiller provides cold water or some cold fluid such as
glycol which is supplied to areas where secondary units such as fan-coil
units are used to provide the cooling that is needed at each location.
Chillers have capacities that vary widely, from a few hundred tons to
several thousand tons. The majority of chillers use either the vapor-com-
pression cycle or the absorption cycle as the basic cooling mechanism, and
have secondary fluid loops that reject the unwanted heat to the outside air
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or water, and provide the cold fluid to the areas where it is needed. The
schematic diagram illustrated in Figure 6-4 is typical of a water chiller that
is water cooled.

In Figure 6-4 the condenser cooling water is usually supplied by a
closed loop that goes to a cooling tower. The cooling tower is an evapora-
tive cooler that transfers the heat from the water to the outside air through
the process of evaporation as the water is sprayed or falls through the air.
If lake water or ground water were used in an open loop, the water would
simply be supplied from one location and returned to a different location
in the lake or in the ground.

The chilled water produced by the evaporator is circulated in an-
other secondary closed loop to the parts of the facility where it will be
used to provide air conditioning or process cooling. Individual fan coil
units can be used in rooms, or centralized air handling units can be used
to take a larger quantity of cooled air and distribute it to various parts of
the facility. Part of the chilled water may be used to circulate through
production machines such as plastic injection molding machines, welders,
or metal treatment baths. Chilled water or other chilled fluids may be
used to provide refrigeration or freezing capability for various types of
food processing, such as meat packing or orange juice processing.

There are three types of mechanical compressors used in chillers.
Small compressors used in chillers with capacities up to about 50 tons are
almost always reciprocating compressors; they may also be used in chill-
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Figure 6-4. Diagram of a typical chiller.
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ers up to around 250 tons. Rotary screw compressors are used in chillers
as small as 40-50 tons, and in large units up to and somewhat over 1000
tons. Centrifugal compressors are used in chillers as small as 75 tons, and
in very large units up to and over 5000 tons.

6.2.3 Replacement of CFCs with alternative working fluids

Releases of many working fluids or refrigerants commonly used in
HVAC systems can cause damage to the ozone layer in the earth’s strato-
sphere [9]. The refrigerants degrade to release chlorine molecules which
then proceed to break down ozone. Ozone, a molecule containing three
oxygen atoms, is effective in filtering out ultra-violet (UV) radiation. The
hole in the ozone layer over the Antarctic has allowed a large increase in
the amount of UV radiation reaching the earth’s surface. Sheep in south-
ern Argentina received sunburns for the first time in recorded history
when the ozone hole drifted northward. More importantly, the increase in
UV radiation may damage marine crustaceans which form a vital link
near the bottom of the food chain in the world’s oceans.

The production of chlorinated fluorocarbons (CFC) used in refrig-
eration and air-conditioning systems will cease on January 1, 1996. Several
of the most common refrigerants in use (i.e., R-11 and R-12) will no longer
be manufactured. They will be available from recyclers for a short period
of time but probably at high cost. Several alternative refrigerants under
development may be suitable substitutes.

There are problems associated with most of the alternatives in many
applications. The energy efficiency and capacity of the systems may be
less than that of systems using CFC’s. This will require more energy use
and its associated pollution and production of greenhouse gases. Other
problems include: incompatibility with commonly used lubricants and
gasket materials, toxicity, and difficulty in retrofitting existing systems
(e.g., replacement of sensors, motors, impellers, gears, etc.).

The current frontrunners in the field of substitutes are R-123 and R-
245ca for R-11 and R-134a for R-12. Another short-term remedy is to use
halogenated chlorofluorocarbons (HCFC) such as the commonly used R-
22 or a mixture of R-22 with other compounds (i.e., near azeotropic com-
pounds). HCFC compounds have less ozone depletion potential (ODP)
than CFC compounds (i.e., ODP of R-11 is 1.0 by definition). For example,
R-22 has an ODP of 0.05. HCFC production is slated to be phased out
around 2030, but there is pressure to accelerate the timetable.

Large industrial refrigeration needs can be met with existing com-
pounds such as ammonia or water/lithium bromide. These are well-
developed technologies which predate the common use of CFC com-
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pounds for refrigeration.

Many facilities will replace their existing equipment with new sys-
tems containing refrigerants with low ODP and then recover the existing
refrigerants for use in their other equipment.

6.3 ENERGY EFFICIENCY RATINGS FOR
HVAC SYSTEM COMPONENTS

6.3.1 Boilers and furnaces

The efficiency of furnaces and boilers is specified in terms of the ratio
of the output energy supplied to the input energy provided. This effi-
ciency is shown in equation 6-1 below:

Efficiency (%) = [heat output/heat input] x 100 (6-1)

Efficiency specifications differ depending on where the heat output
is measured. Combustion efficiency will be the highest efficiency number
since it measures heat output at the furnace or boiler. Combustion effi-
ciency can be measured with a stack gas analyzer, or it can be measured
by determining the temperature and flow rate of the air or water from the
furnace or boiler, and then calculating the heat output.

Furnace efficiencies can range from 65% to 85% for most standard
furnaces, and up to 98% for pulse-combustion, condensing furnaces.
Boiler efficiencies range from about 65% for older, smaller boilers to 85%
for newer, larger models. Furnace and boiler efficiencies should be
checked periodically, and tuned up to keep the efficiencies at their upper
levels and reduce energy costs.

6.3.2 Air conditioners

The efficiencies of air conditioners are usually measured in terms of
their Energy Efficiency Ratios or EERs, or their Seasonal Energy Efficiency
Ratios or SEERSs. In either case, the efficiency is specified as:

EER = Btu of cooling/(watt-hours of electric energy input) (6-2)

The EER value is measured at a single temperature for the outside
air, while the SEER involves a weighted average of the EERs over a typical
season with a range of outside temperatures. SEERs usually range from
0.5 to 1.0 units higher than the corresponding EERs. Air conditioning
units with capacities of five tons or less are rated with SEERs, while units
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over five tons are rated with EERs. Current levels of SEERs for air condi-
tioners can reach 15 or greater, but most units have SEERs around 10.
Federal appliance efficiency standards and ASHRAE standards have in-
creased in the last few years, and will increase further with standards set
in the 1992 National Energy Policy Act [10].

Example 6-1: A five ton air conditioner has an average electric load of 8
kW. What is its SEER?

Solution: Using Equation 6-2 gives:
SEER = (5 tons) (12,000 Btu/hr/ton)/(8 kW)(1000 W /kW)
= 60,000 Btu/8,000 Wh
=7.5Btu/Wh

6.3.3 Chillers
Chiller efficiency is usually measured in terms of a Coefficient of
Performance (COP) which is expressed as:

COP = heat absorbed by the evaporator/[(heat rejected
by the condenser) — (heat absorbed
by the evaporator)] (6-3)

Chiller efficiencies depend on what type of compressor is used in the
chiller, and whether air or water cooling is used. COPs may be as low as
2.5 for small chillers, and up to 7.0 for large, water-cooled, centrifugal or
screw compressor chillers. Absorption chillers have COPs that range from
04to1.2.

Chiller efficiencies may also be expressed as EERs, where

EER = COP x 3.412 Btu/Wh (6-4)

Example 6-2: A 100-ton chiller has a COP of 3.5. What is its electrical load?

Solution: Using Equation 6-2 and rearranging it gives:
electrical load = cooling capacity / EER
= (100 tons)(12,000 Btu/hr/ton)/(3.5)(3412 Btu/kWh)
=100.5 kW
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Chiller efficiencies are greatly affected by the amount of load on the
system. Part-load COPs are as much as one-fourth or one-fifth of the full-
load COPs. Typically, a chiller must operate at 70% or greater load to be
close to its full-load COP.

6.4 HEATING, COOLING, AND VENTILATING LOADS

One of the easier ways to reduce costs in HVAC systems is to reduce
the amount of energy that must be added to or extracted from an area to
bring the area to the desired temperature range. Two major strategies for
accomplishing this are available: (1) reduce the heating or cooling load; (2)
change the targeted temperature range. The amount of cooling needed in
an area can be reduced by reducing the amount of heat brought into the
area through the walls, by reducing the number of people present, by
reducing the number of heat sources such as lighting, or by modifying the
energy consumption characteristics of the industrial processes. The
amount of heating needed can be reduced by increasing the amount of
machinery located indoors, by capturing some of the heat from lights, by
reducing infiltration of cold outside air, or by insulating roofs or ceilings
so that less heat escapes. In any of these examples, the cooling or heating
load is being changed.

The second strategy is to change the temperature range that is con-
sidered to be desirable. This means changing the temperature limit above
which air cooling occurs—the upper set point, and the temperature limit
below which heating occurs—the lower set point. If heating does not start
until the temperature is 55°F or lower, less heat will be used than if the
threshold temperature for heating is 65°F. Similarly, an upper control
limit of 85°F is more economical than a limit of 75°F. Changing these
temperatures has the effect of changing the heating or cooling load im-
posed upon the HVAC system, although none of the heat sources are
changed.

6.4.1 Heating and Cooling Load Calculations

The heating and cooling loads in a building occur because of (1) heat
given off by people; (2) radiant energy from the sun that enters through
windows, is absorbed by furniture, walls, and equipment, within the
building, and is later radiated as heat within the building; (3) heat con-
ducted through the building envelope (walls, roofs, floors, and windows)
to or from the environment around the building; (4) waste heat given off
by processes and machinery within the building; (5) heat given off by
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lighting; and (6) heat or cooling lost to ventilation or infiltration air. In this
section we emphasize managing the energy costs of an existing building
by examining those aspects of the heating and cooling load that can be
changed by moderate or low expense or by scheduling. Reference 1 can be
used for design purposes because it contains a sufficiently detailed meth-
odology for calculating these heat and cooling losses and their interac-
tions.

6.4.1.1 Heating and cooling load: people.

People give off heat, and the amount they give off depends on the
type of work they are doing, the temperature of their surroundings, and
whether they are men or women. Table 6-1 gives representative values for
the heat given off under various conditions. If no cooling or heating takes
place during nonworking hours, the figures in Table 6-1 can be used
directly. If cooling or heating takes place when the work force is not
present, the later reradiation of heat given off by people and absorbed by
equipment and surroundings must be taken into account as described in
the ASHRAE Fundamentals Handbook [1].

Table 6-1. Rates of Heat Gain from People

Total heat gain
for male adults
Activity (Btu/h)

Seated at rest 400
Seated, writing 480
Seated, typing 640
Standing, light work or slow walking 800
Light bench work 880
Normal walking, light machine work 1040
Heavy work, heavy machine work, lifting 1600

Note: Heat gain from adult females is assumed to be 85% of that for adult males.
Source: From 1993 Fundamentals Handbook, ©1993. Reprinted with permission from the
American Society of Heating, Refrigerating, and Air Conditioning Engineers, Atlanta, Ga.

People-generated heat can be managed in several ways. The first
management technique is that of scheduling: decreasing the number of
people in an air-conditioned area during the time of peak energy con-
sumption will decrease the amount of heat that must be removed and thus
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will decrease this component of the peak demand. If the work of people
can be scheduled when the outside temperature is lower than the inside
temperature, it is often possible to remove people-generated heat by intro-
ducing colder outside air rather than by using mechanical refrigeration.
Another technique is to remove people. This is accomplished by replacing
people by automated equipment such as automated storage and retrieval
systems. Removing the people decreases the cooling load and may com-
pletely eliminate the necessity for cooling (or heating) an area.

6.4.1.2 Heating and cooling load: solar radiation.
The cooling load due to solar radiation through windows can be
calculated by

q=3 (A x SC x MSHG x CLF) (6-5)

where q = cooling load (Btu/hr)
A =window area (square feet)
SC = shading coefficient
MSHG = maximum solar heat gain (Btu/hr/ft?)
CLF = cooling load factor

The total cooling load is found by summing the cooling loads for all
surfaces of the building envelope. In Equation 6-5, the window area A
must be measured. The shading coefficient SC depends on the kind of
glass, the indoor shading (roller blinds or venetian blinds), and the aver-
age outside wind velocity. For single-pane glass, typical values range
from 0.53 for 1/2-inch heat-absorbing glass to 1.00 for 1/8-inch clear glass;
a white roller shade inside a clear 3/8-inch glass pane gives a shading
coefficient of 0.25. Additional values of the shading coefficient can be
obtained from glass vendors and from Reference 1. Changing glass types
and installing shades are energy management measures that can make a
significant change in the shading coefficient. Adding sun screens can
reduce the shading coefficient to about 0.2, and using reflective film on
windows can provide a shading coefficient of around 0.4.

The maximum solar heat gain and the cooling load factors, however,
are fixed by the location and design of the structure. The maximum solar
heat gain (MSHG) depends on the month, the hour, the latitude, and the
direction the surface is facing. For 40° north latitude (Denver and Salt
Lake City), these factors are shown in Table 6-2. The cooling load factor
(CLF) measures the fraction of energy absorbed at a given time that is
radiated as heat at a later time. This factor, like the shading coefficient,
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depends on the interior shading. Representative values for this factor are
given in Table 6-3 for a building with medium-weight construction (ap-
proximately 70 Ib of building material per square foot of floor area).
Additional values for these factors can be found in Reference 1.

Table 6-2. Maximum Solar Heat Gain Factors
(Btu/h * ft2 for 40° North Latitude)

Surface orientation

N NE/NW  E/W SE/SW S  Horizontal
Jan. 20 20 154 241 254 133
Feb. 24 50 186 246 241 180
March 29 93 218 236 206 223
April 34 140 224 203 154 252
May 37 165 220 175 113 265
June 48 172 216 161 95 267
July 38 163 216 170 109 262
Aug. 35 135 216 196 149 247
Sept. 30 87 203 226 200 215
Oct. 25 49 180 238 234 177
Nov. 20 20 151 237 250 132
Dec. 18 18 135 232 253 113

Source: From Reference 1. Reprinted with permission from the American Society of Heating,
Refrigerating, and Air Conditioning Engineers, Atlanta, Ga.

Equation 6-5 shows what factors can be altered to manage the solar
component of the cooling load. For buildings in a hot climate, it is often
cost effective to cover all outside windows and thus reduce the area A
through which solar radiation enters the building. If, however, heating is
more of an expense than cooling, it may be possible to increase the area
and use passive solar heating.” The shading coefficient (5C) can be
changed by installing shades, heat-absorbing glass, or reflective coatings.
The maximum solar heat gain (MSHG) can be used to help decide where
to locate people and equipment within a building relative to the location
of windows. More heat will come in if the windows are facing south than

*For more detail on the possibilities of this approach, see Reference 2.
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Table 6-3. Cooling Load Factors for Glass

Direction window is facing

Solar
time N NE E SE S SW W NW Hor.
Without Interior Shading
2 am. 20 06 06 08 11 13 13 12 14
4 dle 05 05 06 .08 .10 .10 .09 .11
6 34 21 18 14 08 .09 .09 .09 11
8 46 44 44 38 14 12 10 11 24
10 59 40 51 54 31 15 12 14 43
12 70 033 39 51 52 23 14 17 59
2 p.m. 75 30 32 40 58 44 29 21 .67
4 74 26 26 33 47 58 50 42 .62
6 79 21 21 25 3 53 55 53 47
8 S0 15 15 18 25 33 33 32 .32
10 36 11 11 14 18 24 23 22 24
12 27 08 08 10 .14 18 17 16 .18
With Interior Shading

2 am. 07 02 02 .03 .04 .05 .05 .04 .05
4 06 02 02 02 03 04 04 03 .04
6 73 56 47 30 09 07 06 07 12
8 65 74 80 74 22 14 11 14 44
10 80 37 62 79 58 19 15 19 72
12 89 27 27 49 8 38 17 21 .8
2p.m 86 24 22 28 68 75 53 30 .81
4 75 20 17 022 3 81 82 73 58
6 9 12 11 13 19 45 61 69 25
8 A8 05 05 07 09 12 12 12 12
10 A3 04 04 05 07 08 .08 .08 .08
12 09 03 03 .04 05 06 .06 .06 .06

Note: Solar time = local standard time (LST) + 4 min x (LST meridian — local longitude) +
correction for the month (from — 13.9 min in February to + 15.4 min in October).

Source: From Reference 1. Reprinted with permission from the American Society of Heating,
Refrigerating, and Air Conditioning Engineers, Atlanta, Ga.
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if the windows are facing north. If a close visual contact with the outside is
desired but the sun heat is not, both conditions can be met with windows
facing the north. The cooling load factor is reduced by shading, since less
heat is absorbed by furniture and walls to be reradiated later.

6.4.1.3 Heating and cooling load: conduction
In addition to inside heating caused by radiation of solar energy

absorbed by inside materials, the sun heat combines with the outside
temperatures to create heating due to conduction through the walls and
the roof. Although writing and solving the heat conduction equations are
beyond the scope of this text, several observations can be made that are
relevant to energy management. First, the amount of heat gain or loss
through a wall depends on the thermal conductivity—or U value—of the
wall. Adding insulation to walls or roofs can significantly reduce the
unwanted heat gain or heat loss through a wall and can be very cost
effective if the main component of the cooling load is from conduction
rather than from inside sources. Thermal conductivity, insulation, and the
calculation of heat transfer through walls and roofs are discussed in detail
in Chapter 11.

Second, the construction of the wall and roof is also an important
factor, with the material used to build the structure having a potential
thermal storage effect that can be utilized. The so-called flywheel effect
describes this: In the same way that a flywheel at motion tends to remain
in motion, a warm wall tends to remain warm and to radiate heat after the
sun is down. The amount of heat and the time the wall continues to
radiate depend on the construction of the wall in the same sense that the
speed and running time of a released flywheel depend on the construction
of the wheel. If an existing building has massive walls, it may be possible
to schedule work hours so as to take advantage of the flywheel effect and
obtain free heating or cooling. These points are discussed in Reference 3.

Heating or cooling loads due to conduction through a wall can be
approximated using Heating Degree Day (HDD) or Cooling Degree Day
(CDD) data. Definitions of HDDs and CDDs and calculation methods
were given in Section 2.1.1.4. The method involves the use of the heat flow
equation 11-9 given in Chapter 11. In this equation, A is the area of the
wall, U is the thermal conductivity of the wall, Q is the heat flow through
the wall, and the temperature difference AT is replaced by the number of
heating or cooling degree days, HDD or CDD.

Q=Ux A x (DD/year) x 24 h/day (6-6)
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Example 6-3: A wall has an area of 100 ft?> and has a thermal conductivity
of 0.25 Btu/ ft>ehe°F. If there are 3000 degree days in the heating season,
what is the total amount of heat lost through the wall?

Solution: The heat lost through the wall is found using equation 6-6 as:

Q  =(0.25Btu/ft>ehe°F) x 100 ft> x (3000 °F days/year)
x 24 h/day
= 1,800,000 Btu /vear

The degree day method has many potential problems that limit its
value in finding the total heating needs of a building or facility. First, it
only provides an approximate value for the heat flow due to conduction.
It does not take into account the moisture in the air; internal heat loads
that might provide less than or greater than a 5°F inside temperature gain;
solar heat gain; or many other factors.

6.4.1.4 Heating and cooling load: equipment.

The fourth major source of heating is from equipment. The energy
consumption in Btu per hour from ovens, industrial processes such as
solder pots that use much heat, and many other types of equipment can
either be read directly from nameplates or can be approximated from gas
or electricity usage by assuming that every kWh of electricity contributes
3412 Btu of heat at the point of use and that each Mcf (thousand cubic feet)
of gas has an energy content of 1 million Btu.

The efficiency for a single-phase motor is usually 50-60%, and the
efficiency for a three-phase motor is usually 60-95%. The energy used by
other kinds of equipment can be found in Reference 1, from equipment
vendors, and from gas and electric utilities. Decreasing or rescheduling
the amount of equipment using electricity or gas at a given time has a
twofold effect. First, the actual energy used at that time is decreased.
Second, the heat introduced into the space is also reduced. If this heat
must be removed by cooling, the cooling load is thus reduced by turning
off this equipment. If this heat is desirable, Equations 6-9, 6-10 and 6-11
can be used to indicate how much waste heat can be made available by
scheduling or reducing the number of electric motors.

The amount of heat given off by a motor can also be determined
from its nameplate rating in kW if there is one, or it can be estimated from
the nameplate voltage and current used by the motor. If it is a single-
phase motor, the energy consumed per hour by the motor is given by
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kWh/h = kW x use factor (fraction of time that
the motor is in use) (6-7)

or by the calculation involving the voltage, current and power factor
kWh/h = voltage x current x power factor x use factor (6-8)

The amount of heat that is given off in the space being analyzed
depends on the job the motor is doing. In most cases, all of the energy used
by the motor shows up as heat added to the space. This may seem odd at
first, but when the physical factors are considered, the result is quite clear.
First, the motor is not 100% efficient, so some of the motor energy is lost
directly to heat through losses in the armature and field windings, losses
in the motor core and friction losses in bearings. This heat makes the
motor feel hot to the touch, and directly heats up the space.

The remaining motor energy is then used for some application.
However, in most cases, that application is such that the remaining motor
energy is also converted to heat somewhere in the space. Consider a
typical application where a motor is being used to drive a conveyor belt in
a production room. The useful energy from the motor is used to overcome
the friction of the rollers and belt, and the inertia of the items being moved
on the conveyor, and thus is converted completely to heat. Unless the
conveyor belt extends outside the space being considered, all of the
motor’s useful energy becomes heat inside that space. Thus, all of the
energy supplied to the motor eventually becomes heat somewhere in the
space being considered.

It is useful to consider the few instances where the energy from a
motor is not converted completely to heat in the immediate space. This
can only occur if some of the energy of the motor is stored in the product
being made and leaves the space as embedded energy in the product. For
example, if a motor is being used to compress a spring that is then used in
a device which is further assembled, then a small part of the motor’s
energy is transferred to the spring in the form of potential energy. Some
other examples might be energy in compressed gases, or energy in frozen
foods. Although there are some cases where this energy storage and
removal are involved, it is usually a very small part of the overall energy
used by the motor, and for all practical considerations, all of the energy
used by a motor ends up as heat in the immediate space.

The heat given off by a single phase motor—in Btu per hour—can be
found as follows
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Btu/h = kW x use factor x 3412 Btu/kWh (6-9)

or
Btu/h = voltage x current x (power factor) x (3412
Btu/kWh) x use factor /(1000 wh/kWh) (6-10)

For a three-phase motor, the energy converted to heat per hour is
given by equation 6-9 since the calculation assumes the kW rating of the
motor is known. If the kW rating is not listed on the nameplate for the
motor, then the voltage, current and power factor must be used, along
with the factor 1.732 for proper determination of the power in a three
phase motor.

Btu/h = voltage x current per phase x (power factor)
x 1.732 x 3.412 x use factor (6-11)

6.4.1.5 Heating and cooling load: lighting.

Heat generated from lighting is another example in which all of the
energy used is generally converted to heat in the immediate space. A very
small part of the energy supplied to lights appears in the form of visible
light. Incandescent lamps convert about 2-3% of the energy they use into
visible light. The remaining 97% is immediately converted to heat which
enters the surrounding space. Fluorescent lights are more efficient, and
they convert around 10% of their input energy into visible light. Even so,
the remaining 90% is converted directly into heat from the lamps and
from the ballasts.

Next consider what happens to the visible light once it is produced.
The photons of light strike surfaces such as floors, walls, desks, machines
and people where some of the energy is absorbed and becomes heat. Some
of the light energy is reflected, but it then strikes the same surfaces and
more energy is converted to heat. Unless some of the light escapes outside
the area of interest, all of the energy in the light eventually becomes heat.
Thus, except in some relatively rare instances, all of the energy supplied to
lights in an area quickly becomes heat in that same area.

In some cases, heating systems have been designed and sized to
utilize the heat from lights as a significant source of heat. This is not an
efficient heating strategy, but it may need to be recognized and dealt with
to improve the energy efficiency of this kind of system. In other cases,
light fixtures may be ventilated to the outside, or to another unheated
area. Here, the heat from the lights does not contribute much of a load to
the space when air conditioning is considered. However, during the heat-
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ing season, this is a significant loss of heat that increases the energy that
must be supplied by the regular heating system. If the ventilating ducts in
the lighting fixtures can be easily closed during the heating season and
reopened during the cooling season, this is an energy efficient operation
strategy.

To calculate the amount of heat that is added to a space from light-
ing, remember that each kWh of electricity is equivalent to 3412 Btu. Thus
the heat produced each hour is found by

Btu/h = 3412 Btu/kWh x K kW (6-12)

where K is the number of kW of lighting load. Note that K must include
the power consumption for any ballasts that are connected to the lights.
To obtain the total heat produced from lighting, Equation 6-12 is calcu-
lated for each hour and the total obtained.

Some of the ways of reducing the amount of lighting energy needed
to illuminate a space to a prescribed level include replacing lamps with
more efficient lamps, cleaning the luminaries, and painting adjacent sur-
faces. These and other measures were discussed in detail in Chapter 5. The
air conditioning savings from reducing lighting energy is illustrated in the
example below.

Example 6-4: A common relamping EMO was described in Example 5-3 in
Chapter Five. In that example, 200 40-Watt lamps were replaced with 34-
watt lamps in a facility that was not air conditioned. If the facility had
been air conditioned, there would be an additional savings depending on
the number of hours that the air conditioning was needed. Calculate this
additional savings assuming the air conditioner has a COP of 2.8.

Solution: Example 5-3 calculated that the energy saved from the
relamping was 42,048 kWh/yr. As discussed earlier, all of this lighting
energy becomes heat that must be removed by the air conditioner. If the
facility is one that has a number of heat-generating machines and pro-
cesses which results in the facility having to be cooled 24 hours per day, all
of the lighting energy saved translates to air conditioning savings. The
heat reduction from the lighting energy savings can be found using Equa-
tion 6-12 re-written as:

Btu =3412Btu/kWh x KkW x h
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= 3412 Btu/kWh x 42,048 kWh
=143.5 x 10° Btu

The electric energy savings from the air conditioner can now be found by
dividing this Btu quantity by the EER of the air conditioner.

A/Cenergy savings = 143.5 x 10° Btu/(2.8 x 3.412 Btu/Wh)
=15.02 x 10° Wh
=15,020 kWh

A more direct way to get this same result is just to divide the lighting
energy savings by the air conditioner COP.

A/C energy savings =42,048 kWh/2.8
= 15,020 kWh
This increased savings from considering air conditioning makes a signifi-

cant change in the cost-effectiveness of the relamping program. In this
case, it increases the savings by over one-third.

6.4.1.6 Heating and cooling load: air.

The sixth major category of heating or cooling load comes from
energy used to heat, cool, or humidify air. This part of the heating or
cooling load can be reduced by weatherstripping, caulking, and tighten-
ing windows; by installing loading dock shelters; by replacing broken
windows; and by other measures designed to reduce or eliminate air
leakage to or from the outside. Air infiltration can occur through the
envelope at many places, and there are infiltration-reducing techniques
unique to each place. Such techniques range from caulking cracks and
openings to sealing loading docks. It can also prove worthwhile to pre-
vent airflow from conditioned areas of a plant to unconditioned areas (or
vice versa) by installing airflow barriers indoors such as a plastic curtain.

Infiltration or exfiltration generally involves air moving through
openings. The annual amount of energy lost through a hole or crack can
be estimated from
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Btu/year =V x 1440 x.075 x.24 x (HDD + CDD) (6-13)

where V = volume of air entering or leaving, in cubic feet per minute
1440 = number of minutes per day
075 = pounds of dry air per cubic foot
24 = specific heat of air, in Btu per pound per degree F
HDD = heating degree days per year, in days x degrees F
CDD = cooling degree days per year, in days x degrees F

This formula is a modification of that found in Reference 1. The impact of
water vapor is ignored in Equation 6-13 because in many climatic regions
exhausting it is often a benefit for cooling and a disbenefit for heating, and
the total effect is usually negligi