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Preface

This report is directed primarily to energy specialists and loan
officers in the World Bank. It is also written for energy
policymakers in governmental organizations and utilities in
developing countries as well as other persons concerned with energy
pOlicy in LDCs 0 The report covers 1) the technical opportuni ties for
electr i city conserva t i on a t the poi n t of end use, 2) issues re la ted to
conservation adoption in the marketplace, and 3) policies and
programs for stimulating end-use electricity conservation$ It is
meant to serve as an introduction to the subject of end-use
efficiency, not as a comprehensive guide for technology or program
selection. The objective is to stimulate those involved in power
sector planning and development to further explore end-use efficiency
options in their projects and countrieS9

The report draws heavily on experiences with and stqdies of
electricity conservation in Brazil and the U.S~I two countries where
the au thor has worked $ Al though electr i city conserva ti on act i vi ties
(and documentation of these activities) in LDCs are somewhat limited,

LDC exper i ence is dr awn upon to the max imurn ex tent pass i ble.
Experience in the u.s. and other industrialized countries is referred
to only when considered relevant to LDCs~

The outline of the report is as follows: Chapter I presents
background i nforma t i on on e lectr i city supply and demand in deve lop i ng
countries and the rationale for pursuing electricity·conservation.
Chapter II covers the technical options for greater end-use
efficiency, savings potential, and cost-effectiveness0 Chapter III
addresses marketplace issues -- how consumers respond to e lect.r i city
saving opportunities and barriers inhibiting investments in e~d-use

efficiency~ Chapter IV presents an in-depth review of policies and
programs -- what governments and utilities in developing countries
can do to foster electrici ty conservation@ Chapter V covers program
design, planning and institutional development. Appendices include
a short list of equipment manufacturers and a draft terms of reference
tha t can be used to deve lop coun try-spec i fi c electr i city conserva ti on
strategies and prograrns~

The author is indebted to Gautam Dutt and Haruki Tsuchiya who
provided valuable information on activities in India and Japan,
respectively~ Helpful comments on a draft version were provided by
Carl Blumstein, Gautam Dutt, Chris Flavin, Fred March, Alan Miller,
and David Mog@ The author assumes all responsibility for the views
e ressed in the report@
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I. INTRODUCTION

A@ Background on Electricity Supply and Demand

Installed power generating capacity equaled nearly 300 GW in
developing countries as of 1980 (World Bank, 1983) e About 1320 TWh
(billion kWh) were produced in these countries, representing about
20% of world electricity production. Electricity production in
developing countries is increasing rapidly -- the average growth
rate was 8.8%/yr between 1970 and 1980 (World Bank, 1983).

Hydropower i s the mos t cornmon e lectr i city sou ree in LDCs,
accounting for 38% of power generated as of 1980. Coal accounted for
about 30% of power generation and oil accounted for 26% of power
generation that year.

During 1980-1995, the World Bank expects electricity production
in developing countries to increase at an average rate of 7 e 7%/yr * If
achieved, this would result in electricity production increasing by a
factor of three during this 15 year period. However, even wi th this
level of growth, the majority of the population in LDCs would still not
have access to electric power for domestic use (World Bank, 1983) 0

Table I-I shows total electrici ty consumption per capi ta and the
sectoral breakdown in the ten most heavily populated developing
countries. The total population in these ten nations was 2.4 billion
in 1982e Electricity consumption per capita ranges 40-fold from a
low of 26 kWh/capita/yr in Bangladesh to a high of 1038 kWh/capita/yr
in Brazil (!> For comparison, electricity consumption in the 21
industrialized nations that belong to the International Energy Agency
averaged 6400 kWh/capita in 1983 (rEA, 1985a) @

Ta e I-I indicates that the industrial sector typically
accounts for about 50% of electricity consumption in developing
countries@ Commercial and agricultural consumption ranges from 10­
40% of the national totals~ The fraction consumed by the residential
sector varies substantially between nations, from a low of 7% in China
to a high of 46% in Indonesia and Nigeria0 The sectoral breakdowns
are based on metered sales data~ Thus, captive power generation
within industry is not included in the sector shares, leading to
underestimation of the industrial sector percentage of total
consumption ~ The sectoral breakdown in a particular country depends
on a large number of factors including the type of economy, level of
income, degree of electrification, and the relative prices among
sectors~

Less data are available regarding end uses of electricity in
developing countries. The term "end use" refers to applications such
as motive power, lighting, process heat, water heating, and
refrigeration@ Estimates of electricity demand by end use are
available for a few developing countrieso



Table

Total
Electricity Residential Comm. & Ag~ Industrial
Consumption Sector Sector Sector

Country (kWh/cap/yr) Share (% ) Share (% ) Share (% ) Other (% )

Bangladesh 26 18.3 14e3 67@4
Brazil 1038 20 6 24~3 55.1
China (PRe) 279 7~1 17*5 74.8 0.6
India 136 12.5 24.9 55.8 6.9
Indonesia 60 45.9 19.0 31.3 3GB
Mexico 841 20.4 10.5 54.5 14.7
Nigeria 56 46.0 19.0 35.0 -- I

Pakistan 133 27.6 26.6 36.9 8.9 N
I

Philippiges 316 20eO 39 '1 40.6
Thailand 317 21.7 14.9 62.6 0.8

a Total consumption includes utility sales as well as electricity generated
by self-producers. The sectoral percentages are based on utility sales only.

b Sectoral shares apply to 197Be

Source: World Bank, 1985.
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Table I-2 shows the major electricity end uses in Brazil (Geller
et al., 1986) III Motors, largely in the industrial sector, are
estimated to account for 47% of total electricity use. In the
commercial sector, lighting and motors (including air conditioning
systems) are the primary end uses. Lighting, water heating, and
refrigerators are the major residential end uses.

Table I-3 contains the end-use breakdown in Singapore as of 1978 e

Motive power for machines and appliances (excluding refrigeration and
air conditioners) accounts for 57% of total electricity use, with most
of this occurring in the industrial sector. Air conditioning is
estimated to account for 26% of total demand in this highly urbanized
and relatively wealthy tropical country.

Estimates of electricity consumption by industrial class are
also available for some developing countries. Table I-4 presents
this breakdown in four countries. The iron and steel, non~ferrous

metals, chemical, and textile industries tend to dominate industrial
electricity use in these nationse Naturally, the subsector shares
depend heavily on the economic activities prevalent in a country0

B~ Why Pursue Electricity Conservation in LDCs?

Per capita electricity consumption is much lower in developing
nations than in industrialized countries~ In extreme cases, per
cap i ta power consurnpt i on is more than lOOt imes lower e Expand i ng the
extent and magnitude of electricity use in LDCs can be a potent force
for improving economic productivity and standards of living.

Bu t th i s does no t mean tha t e lectr i city shou 10 be was ted where i t
is being used in LDes. Because electricity is a costly and scarce
resource 1 i t should be used as eff i c i en tly and economi ca lly as
passible$ The reasons for increasing the efficiency with which
electrici is used in developing countries are discussed below.

nsion of Electricity Supply Facilities is Costly
r nk has estimated that $60 billion/yr need

o nves in electric power supply in developing countries during
1982-92 in order to meet electricity growth forecasts (World Bank,
1983) ~ The investment requirement is equal to about 2% of GDP in
developing countries during this period~ In addition, about one
third of this investment must come in foreign exchangee The
projected investment requirement for power supply is enormous and
pas s i bly overwhe Imi neg cons i der i ng curren t debt burdens and f inane i a 1
difficulties in many developing nations (Collier, 1984) 9

I ncreas i n9 End-Use Eff i c i ency is Much Les s Cos tl y Than
Electricity Supp1yo New hydroe ectric capacity in LDCs

n cos s between $2000 and $3000 per kWi some projects cost as much
$7000 per kW (Collier, 1984) @ The investment needed to serve a kW
fir~ demand is at least $3000, taking into account average load
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Table I-2 - Electricity Consumption Pattern in Brazil, 1984a

Percentage Distribution (% )
Industrial Camm./Ag. Residential

End-use Sector Sector Sector Subtotal

Motive power 39@9 7.2 4701

Lighting 11.2 4.8 16.0

Heating 13.9 3.6 5.1 22.6

Refrigeration 6.2 6~2

Other 4.1 3.4 7.5

Subtotal 57.9 22.0 19.5 99.4

a Total consumption in 1984 was 159.4 TWh and 1190 kWh/capita.

Source: Geller et al., 1986.

Table I-3 - Electricity Consump~}on Pattern in Singapore, 1978 a

Percentage Distribution (%)
Industrial Cornm./Ag. Residential

End-use Subt

Motive power 42.5 4@8 9.4 56.7

Lighting 1.0 8.6 1 .. 7 11~3

Refri ration 0@5 1.3 4.2 6.0

r conditioning 6.0 18.3 1.7 26.0

Subtotal 50.0 33.0 17.0 100.0

a Total consumption in 1978 was 5.2 TWh and 2230 kWh/capita.

Source: Ching, 1984.
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Table 1-4 - Industrial Electricity Consumption in Selected
Developing Countries d

Industrial Fraction of total ( %)
sector Brazil India Indonesia Singapore

Petroleum
refining 1.7 25.6

Mineral
products 602 108 16.4

Cement and
ceramics 6.0 505 5.7

Iron and steel 12.4 12~9 4.9 9$6

Non-ferrous
metals 17.7 12.2 b b

Chemicals and
fertilizers 13@2 17.0 18.1 5.7

r and pulp 7.0 3@5 7~5 3 ~ 4

Textiles 5.7 12@3 25.7 5~2

Metal products 4.7 17@7 10@1

Electrical
products 1404

Food and
beverages 10.2 906 4.1

r 16.9 33~1 16~2

a Incustrial electricity consumption per capita in the four
countries in 1982 equaled:

Brazil 570 kWh/cap
India 76 kWh/cap

b Included under iron and steele

Sources: Chou and HO, 1985; MME, 1985a; NPC, 1983; Surjadi, 1985.



-6-

factor sand assoc i a ted transrn iss i on and d i str i bu t ion (T& D) cos ts and
losseso Smaller coal-fired power plants can be just as capital
intensive.

Increasing the efficiency of electricity use to offset demand
cos ts much 1ess than expand i ng electr i city supply when the two opt ions
are evaluated on an equivalent basis. Investments in energy
efficiency are often paid back through operating cost savings within a
few years; power supply facilities, on the other hand, require decades
to pay for themselves under normal pricing schemes. Thus I investing
in electricity conservation is usually a preferable allocation of
scarce financial resources in developing nations.

3) There is a Large Potential for Increasing the Efficiency of
Electricity Us~rn a Cost-Effective Manner. Studies in countries
such as BrazilandIndia show that many options are already available
for increasing the efficiency of electricity use~ Other products,
now manufactured in industrialized nations, could be produced in
middle income LDCs if so desiredo Developing countries that
primarily import electricity-consuming equipment could require that
this equipment be energy-efficient@

Developing countries are adding infrastructure and equipment at
a rapid pace@ In this respect, it is easier to introduce state-of­
the-art energy-efficient equipment in LDCs than in mature industrial
co u n t r i e s wher e equ i pmen t satu rat ion i sal rea d y ve r y h i 9hand
economic expansion is limited@

4) Adopting More Efficient End-Use Equipment Will Hold Down
E1e c t ric i t Y B i 11 s Wh i 1eTar iff s are sing • I n rn any eve 0 p 1 n9
countries, e ec res subsidized and tariffs are considerably
below marginal costs (Collier, 1984) ~ In some cases, utility
revenues are not sufficient to finance the new facilities that are
required to keep up with load growtho Subsidized tariffs discourage
i nves tmen ts in end-use eff i c iency and make ita 11 the more irnpor tan t
for governments and utilities to adopt policies that stimulate
investments justified on the basis of true economic costs@

By reducing electricity consumption (or lowering its rate of
growth), greater end-use efficiency can help hold down total
electricity bills while essential increases in tariffs are made~

Increasing tariffs also provide a greater incentive to consumers for
investing in end-use efficiency@

Efficiency Can Help Utilities to Satisfy Social
Building power plan s s a costly undertaking

rectly benefit poorer households unconnected to the
Use of more efficient end-use equipment means that

utilities need to invest less in power generation. This in turn
enables greater expenditures on projects with high social benefits
(e~g0' rural electrification and distribution system expansion in
poor urban areas). Cutting back on the construction of costly power
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plants also can slow down the rate at which tariffs need to rise.
Moreover, the feasibility of adding new customers to a power grid
increases if there is a transition to more efficient end-use equipment
among all customerse

6) Increasins the Efficiency of End-Use Equipment Can Strengthen
Growth and Export Potential. Adopting more efficient end-use
equiprnen t does no t imply reduc i ng economi c gr owth, lower standards of
living, or deprivation in any sense0 To the contrary, improving
efficiency leads to greater economic productivity and growth0

The product i on and use of energy-eff i c i en t equ ipmen tis rap id ly
advancing in industrialized nations. If similar developments are
not made in developing countries, they could be burdened with outdated
products and factor i es ill Thi s would res tr i ct economi c growth in
developing countries and hinder efforts to expand exportsG
Furthermore, inadequate attention to end-use efficiency leads to
excess demand, potentially creating power shortages that act as a
serious brake on economic growth@

7) Slowing the Pace of Electricity Supply Expansion has positive
Environmental Impacts 3 Building hydroelectric facilities can
inundate large areas of land, often with disruption of settlements as
well as loss of natural resources~ Coal-fired and nuclear power
present serious air pollution, safety, and waste disposal problems~

Increasing end-use efficiency, on the other hana, causes little or no
environmental degradation0
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II. Technical and Economic Potential
for Efficiency Improvements

This chapter describes in detail the opportunities for end-use
electricity conservation in developing countries. The emphasis is
on technological improvements that do not involve any changes in
business or consumer behavior. Measures that involve or could be
perceived as involving sacrifice (e.g., limits on air conditioner
use) are not included.

A@ Industria tor

Some LDC energy conserva t i on stud i es i ncl ude es t irna tes of
overall electricity savings potential in the industrial sector. For
example I energy aud i ts of 71 compani es in Tha i land sugges t tha t to tal
industrial electricity use could be cut by 2.4% through simple
housekeep i ng measures 1 7 6 7 % through process improvemen ts,. and an
additional 3.2% through equipment replacement (ADS, 1984)"89 The
subsectors with the largest identified savings potential are
textiles, mineral products/ and food and beverages. All of this
savings potential is highly cost effective and, if implemented along
with similar oil conservation measures, could accelerate economic
growth in Thailand (ADS, 1984) @

l@ Motors

Most of the electricity consumed by industries is used to power
motors (see Tables I-2 and I-3) ~ It is possible to obtain direct
electricity savings through the use of more efficient motors as well
as indirect savings through the use of motor speed controls that
better match motor output and load~ Increasing the power factor is
ano r important energy and cost saving measure~

More effi ient motors@ Studies in the U0S~ show that larger
motors dam na e ectricity usage, with motors greater than 50 HP
accoun t i ng for near ly two-thi rds of total e lectr i city consumpt i on by
motors (ADL, 1980) Similar conditions are expected in developing
countries, because similar processes and technologies are used by
industries worldwide$

Larger rno tor s are already re la t i ve ly eff i c i en t @ Standard
motors in the 10-100 HP size range have efficiency ratings above 85% at

11 load while standard motors above 100 HP have ratings of 90% or
greater (ADL, 1980). Nonetheless, efficiency improvements of 3%-6%
are ssible through the purchase and use of "energy-efficient"
motors (Baldwin, 1986) & Such motors utilize better quality steel,
more copper, and a smaller air gap between the rotor and statore

Some rna tor rna nufacturersin more adva need develop i ng coun tr i es
s as Brazil and India already produce lines of more efficient
motors 0 Replacement of older, less efficient motors has been
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strongly recommended by analysts in India (Hari et al., 1981).

Energy-efficient motors typically cost 10-30% more than
standard motors. In Brazil, for example, a 100 HP standard motor
costs about $1400 while an energy-efficient motor costs $1750
(Geller, 1984). In new applications, the extra first cost for an
efficient motor is paid back in under three years as long as the motor
is used at least 2000 hours per year and electricity costs at least
SO.03/kWh. Moreover, power demand is reduced at a cost of under
$250/kW (Geller, 1984).

It is also cost effective in many cases to purchase a more
efficient motor at the time an existing motor needs to be rebuilt~

The return on investment for a motor replacement in Brazil (where
electricity typically costs industries about $0.03/kWh) is 15-25%
assuming that a motor is used 2000-4000 hours per year (Geller, 1984) •
Motor replacement is even more cost-effective when analyzed using
marginal electricity costs rather than subsidized tariffsG

Oversizing of motors is common because of the low first cost of
motors, uncertainties regarding load in the future, starting stresses
on the motor, and fluctuations in line voltage. Oversizing leads to
inefficiencies especially when operating at less than 50% of the rated
load (Baldwin, 1986) @ Based on audits sponsored by the National
Productivity Council in India, it is estimated that replacing
over sized mot or sin cases where the s impl e payback per i ad is 1ess tha n
three years could save 400 GWh/yr, nearly 2% of industrial electricity
use at the time of the study (Hari et al., 1981) 6

In many developing countries, motor oversizing occurs in part
because of poor service quality (i@e~, because of wide voltage
fluctuations and imbalances) @ Oversizing prevents the motor from
overhea t i ng and pas si bly burni ng au t when the vol tags dr ops we 11 below
the nominal level or when the vol tages on di fferent phases are
unequal@ Improving service quality will enable proper motor sizing
and provide other benefits~

01s0 For many motor applications, there are
-~---subs n a energy asses ur i ng p art load oper a t ion. When the load

on motor-driven pumps, compressors, blowers, etc. is below the rated
value, the motor drive is normally operated at constant speed and a
thro t tIe va 1ve or damper is used to reduce the flow rate ~ There are
large pressure and power losses across the throttle or damper (Mohan
etal~f 1985).

Various technologies for motor speed control and energy
conservation during part load operation are available, including eddy
current couplings, hydraulic couplings, DC motors with rectifier or

ristor controls, AC slip ring motors, and electronic variable
frequency drives. Variable frequency drives (VFDs) employing
silicon controlled rectifiers and thyristors are the most efficient
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means of controlling motor speed over a wide range of loads (Mohan et
al.,1985)19

Electronic VFDs are widely available and are becoming
increasingly popular in industrialized countries as a result of
decreasing equipment prices, improved reliability, and high
efficiency (ROC, 1985). Electronic VFDs are emerging in the
marketplace in more advanced developing countries such as Brazil.
However, because of the relatively high first cost, this equipment is
used primarily for processes requiring precise speed control &

Utilization for electricity conservation in LDCs should expand as
electricity prices rise and equipment costs drop~

Energy audits have shown an especially large potential for
modern VFDs in the textile industry in India (NPC, 1983b) 0 Only 10%
of the mills surveyed used efficient motor speed control techniques to
a large extent. Shifting to state-of-the-art speed controls appears
to be cost effecti ve. For example, replac i ng a 10 HP AC. motor
featuring water resistance control (an older I less efficient means of
speed control) with a DC motor and rectifier control could reduce
electricity use by 21% (NPC, 1983b) @ With electricity priced at
approximately $O~06/kWh, the $2800 investment would be paid back in
abo u t 4 e 5 yea r s (NPC, 19 8 3b) •

Use of a VFD does not necessarily lower peak demand for the motor
to which it is applied~ However, aggregating across applications
will spread out the electricity savings and lower the overall
coincident load present on a utility systemo

The electricity savings potential with motor speed controls
depends on the load conditions for each application* One study
estimated that VFDs will typically save 20-30% of the electricity
consumed by motors powering industrial pumps, compressors, blowers,
and fans as well as commercial air conditioning and refrigeration
equ ipment in the Uf; S. (Masher and 8m i th I 1981). Toge ther, these
applications account for about 30% of electricity demand in the O@S.
Consequently f use of VFDS could reduce to ta 1 e 1ectr i city consumpti on
by about 7%~ The overall savings potential could be even greater in
LDCs because industrial electricity use is of greater importance and
because there may be more motor operation at partial loadse

Power factor controls§ Maintaining a power factor of 0.95 or
greater wil r uce distribution losses, lower maximum power demand,
and increase motor efficiency~ An adequate power factor can be
obtained by using motors with a high power factor or by adding
capacitors for power factor correction@

Power f actor cor rec t i on is a very cos t-e f f ec t i ve means of
reducing power demand. For example, installing capacitors is
estimated to reduce demand at a cost of about $ISO-200/kW in India,
much less than the cost of power generation (NPC, 1983a) & The cost­
effectiveness of power factor correction was examined in a previous
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World Bank Energy Department paper (Munasinghe and Scott, 1982).
Cons ider i ng only the val ue of reduced d i str i bu ti on losses, cor recti ng
a 0.80 power factor to 0.95 is estimated to have a benefit-cost ratio
of 3-15 depending on the load and price conditions.

Some economies of scale are possible in power factor correction.
For example, installed capacitor costs in the o.s. are $60-$120/kVAR
at low voltages and units of 5-20 kVAR, and $S-$lO/kVAR at higher
voltages and units of 150-600 kVAR (Geller f 1982) e Thus, cost
savings are possible by installing central capacitor banks for
facilities with a number of smaller, low power factor motors. But
installing capacitors closer to motors reduces losses in local
circuits and raises the voltage near loads. Therefore, a combination
of centralized and distributed capacitors is often used.

2. Industrial Processes

Ai ter rno tor dr i ves, electrolyt ic process i ng is the nex t large s t
industrial electricity end-use in industrialized nations~

Electrolyt i c proces ses such a 1umi num and chI or i ne product i on are al so
important in a number of LDCs. Process heating is the other major
category of industrial electricity use$

Al umi nurn <& Pr imary alurni num producti on is an irnpor tan t consumer
of electricity in LDCs such as Brazil, China, Egypt, Ghana, India, and
Venezuela@ The same production techniques are used throughout the
wor ld -- the Bayer process to conver t ba ux i te to al umi na and the Hall­
Heroult process to electrolytically reduce alumina to aluminum.
Electrolysis (smelting) accounts for nearly all of the electricity
consumed in aluminum production (Cochran, 1981) @

Substantial improvements in the efficiency of the Hall process
have been made in recent years$ New energy-efficient smelters
consume about 13 kWh/kg of aluminum, about half the level ty·pical of
smelters installed 40 years ago (Cochran, 1981). For comparison, the
typi cal sme 1 ter in the U4 S $ consumes abou t 17 kWh/kg (each ran, 1981) ~

The electricity intensity of smelters in India is comparable to that
in the U@5@f with savings of over 15% realized during 1975-1980 (NPC,
1983a) @

The measures tha t can be employed to prov ide i ncrernen tal
improvements in electrical efficiency include:

• optimizing the cross-section of bus-bars;
• changing from bolted to welded joints;
• better control of cell operating conditions;
• better control of electrolyte composition;
G improved insulation@

It is estimated that these improvements typically pay for themselves
in 4 years through the electricity savings (Gamba et a14f 1986) @
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Recycling obsolete aluminum to ingot requires only 5% of the
energy necessary to produce ingot from bauxite and can greatly cut
down on electricity consumption (Cochran et al., 1983). With use of
recycled metal, a die cast part needs 85% less energy than if made from
primary metal. The production of secondary aluminum (using
fabricator's scrap as well as post-consumer scrap) grew from 25% to
50% of total production in the u.s. between 1970 and 1983 (Ross et al.,
1985). In Brazil, on the other hand, recovered scrap accounted for
only about 8% of total production as of 1983 (Goldemberg et al., 1984) 4&

Chemicals. Certain chemical production processes are
electricity intensive and present opportunities for savings.

The ehler-alkali (caustic soda) industry accounts for about 4%
of industrial electricity consumption in India (NPC, 1983b) ~ This is
an electrolytic process tha t typically consumes 3-4 kWh/kg of caustic
soda. Ordinary diaphragm cells consume 15% less power than
conventional mercury cells, while improved diaphragm cells consume
about 25% less power (NPC, 1983b) $ However, the latter were not
manufactured in India as of 1983. In older installations, it is
possible to retrofit mercury cells with. titanium metal anodes and
reduce power consumption by about 10%.

Fertilizer production accounts for about 9% of industrial
electricity use in India0 It is reported that ammonia plants built in
India during the 19605 consumed l~O kWh/kg of ammonia, while new
designs use as little as 0045 kWh/kg (Garg and Mohta, 1981) 0 Much of
this saving is due to cogeneration and use of back pressure turbines to
drive pumps and compressors~ The payback period on these
improvements is estimated to be about 4 years (Garg and Mohta, 1981) 0

In other chemical industries, the bulk of electricity
consumption is for motor-driven equipment. As discussed above,
replacing throttling valves and damper controls with variable
frequency drives can lead to substantial savings.

Steel~ Although electricity accounts for only about 15% of the
tota energy consumed in a conventional steel plant, there is
considerable variation in electrical intensity between different
processes (see Table I I-I) ~ The basic oxygen furnace (BOF) consumes
about 25% more electrici ty than an open hearth furnace (OHF) per uni t
of output, although the BOP is more energy-efficient when all energy
forms are considered (Meunier and Kops, 1984) & While the BOF process
has been replacing the OHF in large integrated steel mills throughout

world, some LDCs (particularly China and India) still employ OHFs
to a large extent$

Electric arc furnaces (also known as minimills) using either
directly reduced iron or scrap steel are rapidly growing in
popularity$ Such plants are attractive fer .LDCs because they are
feasible at relatively small scales, they have relatively low unit
investment costs, and construction is faster than for conventional
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Table II-l - Ener9Y and Materials Requirements for Different
Steel Processes in Japan

Item
Process requirements per ton of liquid steel a

BF-BOF BF-OHF DR-EAF Serap-EAF

Energy

Fuel oil (kg)
Metallurgical

coal (kg)
Electricity (k~h)
Natural gas (rn )

Total energyb (Geal)

Raw materials

80

730 580
140 110 740

350

26

550

Iron ore (kg)
Scrap (kg)

1200
220

970
470

1420
250 1200

a BE-BOF: blast furnace plus basic oxygen furnace;
BF-OHF: blast furnace plus open hearth furnace;
DR-EAF: direct ore reduction plus electric arc furnace;
Scrap-EAF: electric arc furnace fueled with 100% scrap$

b Electricity is valued on an end-use basis (O~86 Meal/kWh) in
calculating the first total for each process* The number in
parentheses values electricity on a primary basis (2~S8 Meal/kWh) 6

Source: Nippon Steel Corporation as cited in Meunier and Kops,
1984~
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plants. A number of LDCs (e.go l Argentina, Indonesia, Thailand, and
Venezuela) are already producing most of their steel output using
electric rninirnills (Meunier and Kops, 1984) 0

Electric minimills typically consume 0.55-0.75 kWh/kg of liquid
steel, 4-6 times the electricity intensity of coke-fired processes
(Meunier and Kops, 1984). Use of scrap steel rather than iron ore
lowers electricity consumption by about 25%. Other opportunities
for reducing power consumption include preheating of scrap, use of
oxygen lancing to assist melting, use of improved electrodes, and
ultra-high power furnaces. The latter can reduce electricity
consumption to 0.45-0.5 kWh/kg of steel (Meunier and Kops, 1984) @

3. Industrial Structure

The nature of an economy and the rates of expansion of different
subsectors have an important effect on electricity demand. Figure
1I-1 shows the electricity intensity and value added of different
industries in Brazil (Goldemberg et al., 1984). It is seen that
electricity intensity varies greatly between industries.
Electricity use per unit of value added for non-ferrous metals is over
10 times greater than that for the food and beverages or chemical
industries~ The seven most electricity-intensive industries
account for 52% of industrial electricity use in Brazil but only 13% of
industrial value added~

In the U.86 and other industrialized countries, the shift away
from basic materials processing toward fabrication, finishing and
service activities has significantly diminished energy demand. It
is estimated that nearly 45% of the overall reduction in industrial
energy intensity in the UeS. since 1973 is due to this structural shift
(Ross et a1., 1985) e Restructuring economic development away from
energy intensive industries is an important challenge for
policymakers in countries currently undergoing industrialization,
unless t!le country has a clear competitive advantage in these fields.

B. Commercial and Agricultural Sectors

In a number of developing countries (e.g0' India and Indonesia) ,
electricity demand is growing most rapidly in the commercial and
agricul tural sectors 4lI The end-use breakdowns considered in Chapter
I indicate that lighting, air conditioning, and motive power are the
major end-uses of electricity in commercial facilities in developing
coun t r i es ~ Fa r a 11 three end-uses, 1arge reduct i cns in power
consumpt i on are pass i ble through improvemen ts in equ ipmen t and
building design. Lighting, air conditioning, and water pumping are
addressed in detail below~



Figure II-l The Electricity Intensity of Industries in
Brazil, 1980

Source: Goldemberg et al~1 1984
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I. Lighting

Numerous measures are available for reducing electricity
consumption for lighting in commercial buildings, including:

• use of daylighting
• use of more efficient lamps
• use of more efficient ballasts
• use of better light fixtures
• use of lighting control systems.

Most of these measures are complementary; when employed together they
can reduce electricity consumption for lighting in commercial
buildings by 50% or moreo

A demonstration project in the Netherlands illustrates the large
savings that can be realized from a combination of lighting efficiency
measures (CEC, 1985) e Various energy efficient lighting systems
were installed and monitored on different floors of 'an, office
building.llI The systems included individual switches" daylight
sensors and dimmers, improved fixtures and lamps, and task lightingCl
The m~asured electricity savings compared to the original system (30 W
per m of floor area) ranged from 63% to 84%@ The simple payback on
the extra cost for the energy-efficient systems ranged from 200 to 4*9
years (CEC, 1985) e

The energy-eff i c ien t 1 i gh t i ng products 1 is ted above are a 1 ready
available in some LDCsa More efficient light fixtures, ballasts, and
lighting control systems are produced in Brazil, for example, and
improved lamps and electronic ballasts are under development (Geller
et al. , 1986) @ Because commercial customers in LDCs often pay
relatively high tariffs, energy-efficient lighting equipment can be
very attractive financially@ In Brazil, it is estimated that the
ex tr a cos t for more e ffi c i en t f 1uorescen t lamps and ba 11 as ts would be
paid back within one year for commercial users paying SO.07/kWh
( Ge 11 e r, 19 8 4) ~

Commercial building stao2ards in Singapore calls for a maximum
lighting power level of 20 W/m of floor area in office buildings and
schools (Ching, 1984). Analysis has sho~n that it is relatively easy
to reduce lighting power levels to 16 W/m and maintain a light level
of 50 footcandles (Turiel et al. 1 1984). This requires somewhat more
efficient but readily available lighting equipment@ Introduction of
a daylighting system (photosensors and controls) could lower the
power level to 13 W/m 2 with a payback period of under three years
(Turiel et al~ 1 1984) $ Day1ighting controls reduce artificial light
levels near the windows of a building if natural light is available.
Li ting efficiency improvements have the added benefit of reducing

at gains and thus air conditioning requirements.

Compact fluorescent lamps, some of which are shown in Figure II­
2, are one electricity-conserving lighting option for commercial



ADAPTOR DIMENSIONS

9·WAIT
WITH LAMP
INSTALLED

7·WATT
WITH LAMP
INSTALLED

I
7 .. I'..I,:

I

A compact screw-in adaptor is availabie for the
7- and 9-watt twin tubes. With its unIque circular
ballast (which allows for a shorter overall length
and smaller diameter than most comparabie
systems) it can be used in almost any incan­
descent socket. The screw-in adaptor comes
wIth a lamp and a screw-in socket-baJlast. An
optional retaining collar and two screws are
also included for base-up operation where
vibration exists.

"PL It type bulb sold by General Electric in the U.. 5"

watts 9 13 18 25

lumens 425 600 900 1200

Im/W 47 46 50 48

Incandescent lamp needed for
similar watts 40 60 75 100
Diameter mm 72 72 72 72

mm 148 158 168 178
Year of introduction 1981 1982 1980 1982

"SL n type bulbs sold by Philips in Europe

Figure 1I-2 Examples of compact fluorescent light bulbs
produced in the U$S~, Europe and Japan
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buildings. These lamps use 60-75% less power than incandescent
bulbs, they last 5-10 times longer than incandescents, and they can
provide "warm light". They also require less space than ordinary
fluorescent tubes. Al though compact fluorescent lamps cost $10-20,
they are generally cost-effective as a replacement for incandescent
bulbs in commercial buildings. In Brazil, for example, the
investment in a compact fluorescent lamp is estimated to provide a
rate of return in excess of 30% when used 2000 hours per year wi th the
commercial tariff of $O.07/kWh (Geller, 1984). Compact fluorescent
lamps are now available in Southeast Asia and South America~

Reflective fluorescent light fixtures are a relatively simple
conservation option that can be employed in LDCs. Reflective
fixtures using both anodized aluminum and silver film are produced in
the u.s. and other countries. They cut down on light absorption
within the fixture, emitting up to twice the light per watt of power
compared to ordinary fixtures. In the U.S~f the extra cost for the
higher quality reflector is generally paid back within two years at
electricity prices of $O.05-$OolO/kWh (Ponczak, 1986) ~

In order to daylight building space without the usual heat gain,
special window films are available and are gaining in popularity
througho'ut the world. Window film is a selective coating applied to
the inside of a window. It reduces the solar heat gain by
approximately 80% while passing a high fraction of the visible light.
Since the film is transparent to most of the visible light, it is
preferable to shutters, blinds, etc~ Window film typically costs $10
per square meter" In air conditioned buildings, the cost for window
film can be paid back through electricity savings in less than one
year~

Outdoor lighting is another area in which major electricity
savings are possible. High pressure sodium (HPS) lamps consume about
half as much power as mercury vapor lamps and only 20% as much power as
incandescent lamps for the same light output~ HPS lamps are starting
to be produced in Brazil and other developing countries@

HPS lamps are likely to be cost-effective even with the low
lie illumination tariffs common in LDCs" In Brazil, for example,

municipal illumination tariffs are less than $O.02/kWh. The extra
investment for sodium lamps still provides a rate of return in excess
of 50% in new installations (Geller, 1984). HPS lamps are also
feasible as retrofits in existing installations when lamp replacement
is needed~

2~ Air Conditioning

r conditioning can be a major electricity end use in hotter
LDCS0 In Kuwait, for example, it is estimated that cooling accounts
for 45% of total power consumption and this fraction is rising
(Ayyash, 1983) ~
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Numerous building design features and heating, ventilating, and
air conditioning (HVAC) technologies can be used to reduce heat gains
and improve air conditioning performance (Usibelli et al~1 1985) *

Table I1-2 lists some of the more common and more effective energy
conservation measures. The measures range from simple, low-cost
options such as reducing the number of holes in the building envelope
and proper equ ipmen t opera ti on and rnai n tena nee to more soph is t i ca ted
technologies such as variable speed controls for HVAC systems.

A simulation analysis of the savings resulting from different
conservation measures was carried out for a hypothetical la-story
office building in Singapore (Turiel et alo, 1984). The base case
reference building satisfies the 1979 building code. Table 1I-3
shows the results for six measures that affect cooling requirernents~

Through a combination of building and equipment improvements, it is
possible to reduce electricity consumption for cooling by up to 40%0
These savings measures are all straightforward to implement.

Certain technologies for reducing air conditioning energy use
are more appropriate in particular climateso When outside air is
cool and dry enough, it can be used for space conditioning rather than
mechanically cooling interior air~ When added to an HVAC system,
this option is known as an economizer cycle~ As long as the climate is
not extremely hot and/or humid, an economizer cycle can reduce
electricity consumption for cooling by 40-75% (Usibelli et ale,
1985) ~ The cost for adding an economizer cycle to an HVAC system is
relatively low, o~ the order of SO.50-S2.00/m 2 of floor area in
buildings of 500 m or larger.

In hot, dry climates, evaporative cooling is a~ efficient and
potentially inexpensive means of cooling buildings~ Experience in
India has shown that natural evaporative cooling using a r20f water
spray system can provide seven tons of cooling per 100 rn of roof
surface (Jain and Kumar, 1981) ~ Water consumption is approximately
nine liters/m 2/dayo In single story buildings, ceiling temperatures
drop lS-20 oC and indoor air temperatures drop 5-10 0 C. Evaporative
coo 1 i ng is a 1 so po S5 i bl e usi ng rnechani ca 1 equ iprnen t des i gned for th is
purpose (Usibelli et al@, 1985) ~

In humid climates, conventional air conditioning equipment
often overcools indoor air without providing adequate moisture
removal@ This is both energy inefficient and uncomfortable for
building occupants @ In some cases, overcooled air is reheated using
electric resistance heaters, further increasing electricity
consumption~ To minimize these problems, it is important to select
air conditioning equipment with a high latent-to-sensible cooling
ratio in warm, humid climates (Khattar, 1983). Also, air
conditioning equipment should not be oversized if moisture removal is
a priori

Dehumidification equipment is also available for providing more
comfortable indoor conditions without excessive electricity
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Table II-2 - Measures for Reducing Air Conditioning Electricity
Consumption

Architectural Measures

Roof and wall insulation
Reduced air infiltration
Daylighting
More efficient artificial lighting
US.e of task 1 ighti ng
Reduced window area
Window shading
Window film
Reflective glass
Reflective roof paint
Roof spray cooling
Increased thermal mass

Mechanical System Measures

Energy-efficient chillers
Energy-efficient motors
Economizer cycle
Evaporative cooling
Use of dehumidifiers
Reduced ventilation rates
Variable air volume systems
Proper operation and maintenance

Source: Usibelli et al~f 1985~
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Table II-3 - Potential Reductions in Coolin~ Electricit~

Consumption in a Ten Story Offlce Building
in Singapored

Conservation measure

Ie Reduce artificial lighting level
from 20 W/m 2 to IS W/m 2

20 Reduce ratio of window-to-wall
area from 0.44 to 0025

3. Use reflective glass to reduce
the window shading coefficient
from 0.47 to 0.35

4@ Use external window shading or
window setback

5. Increage chiller COP from 4.5
to 5~O

6. Reduce ventilation rate from
7 cfrn/person to 5 cfm/person

Savings
Potential (%)

5

11

7

10

7

5

a The original building satisfies the 1979 building code.
Interactions between measures are not accounted for; thus
summing the individual savings estimates overstates the total
savings potential to some extent@

b COP is the coefficient of performance, a measure of the energy
efficiency of an air conditioning system@

Source: Turiel et al$1 1984~
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consumption. By drying indoor air to 30% or less relative humidity, a
comfortable indoor environment is possible with temperatures up to 27
°c (Khattar, 1983). Ordinary vapor compression dehumidifiers
typically remove 0.3-1.0 liters of water per kWh consumed (Khattar,
1983). Their effectiveness increases as indoor dry bulb temperature
and relative humidity increasee Dehumidifiers have the disadvantage
that they add heat to indoor air in the process of moisture removal &

Desiccant dehumidifiers remove moisture from indoor air using an
adsorbent material such as silica gel. The wet dessicant material is
then heated to remove the moisture. Newer, more efficient dessicant
systems use solar energy or the waste heat from refrigeration
equ ipmen t for desi ccan t regener a ti on. Such sy 5 terns became
commercially available in the u.s. during the early 1980s (Kohler,
1986) 4&

Window air conditioners vary considerably in efficiency
dependi ng on the i r componen ts and des ign. Mode 1 s with energy
efficiency ratings as low as 5 and as high as 12 are available in the
u.s. (AHAM, 1985) ($ [Note: The energy efficiency rating is the cooling
output divided by the power input expressed in Btu/hr/W.] Japanese
manufactur.ers have also made a number of innovations to increase the
efficiency of small air conditioners and heat pumps, including the
addition of inverters for capacity modulation (Tsuchiya, 1985) ~

Air conditioning is often a major contributor to the peak load on
a utility system. The peak demand due to air conditioning can be
greatly reduced by cooling the thermal mass at night l or by off-peak
ice or chilled water storage (Usibelli et al~, 1985) 0 Time-of-use
tariffs will increase the feasibility of these load-leveling
techniques0

An important but often neglected aspect of air conditioning
efficiency is equipment maintenance$ A simulation study for the 10
story office building in Singapore shows that fouling of condenser and
evaporator heat exchange coils (due to dirt, salt deposits, and
seal i ng) can increase HVAC e lectr i city consumpt i on by as much as 38%
(Curtis, 1984) @ Effective building maintenance depends on training

rsonnel, obtaining are parts, setting up a maintenance program,
and performance monitoring@

30 Water

In ag r ar ian coun tr ies where rnechani cal i rr i ga t ion is II sed 1 wa ter
pumping can represent a significant fraction of total power
consumpt i on @ For example, agr i cu 1 tur al cus tamersin Indi a consumed
17~8 TWh in 1981-82, 18~6% of total electricity consumption in the
count at that time (World Bank, 1985) III Nearly all of this
electr city powers irrigation pumps (NPC, 1983a) ~

The typical electrical irrigation pump in India consumes 4200
kWh/yr 0 It is reported that this could be reduced by 25-30% through a
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number of straightforward measures as indicated in Table II-4 (NPC,
1983a) * All of these measures can be implemented immediately in
India; some such as correct sizing of pipes and use of low resistance
foot valves can be easily retrofit to existing installations. A
demonstration program involving retrofits of 116 electrical pumps in
Gujarat state resulted in an average savings of 26% (NPC, 1983a).
However, low electricity tariffs to agricultural customers in India
discourage efficiency improvements*

Electrical irrigation pumpsets are routinely oversized in order
to prevent motor overheating and burnout as a result of the voltage
fluctuations in rural areas of LDCs. In order to better match the
capacity of the pumpset with the load and reduce electricity use, an
inexpensive undervoltage relay can be used to shut off the motor when
the voltage drops too low. Also, a voltage regulator could be used to
correct the voltage when it exceeds certain limits. However, a
voltage regulator is estimated to cost about as much as the pumpset
itself ($1500-2500 for a 10 kW installation).

Energy consumption for irrigation can also be reduced through
be tter wa ter rnanagemen t ~ A case study in Pak is tan showed tha t
renovatirig watercourses and canals along with more precise land
leveling can cut water requirements by 42% (Srnerdon and Hiler, 1980) 1&

This would lead to an equivalent amount of pumping energy savings~

Conserving energy for water pumping is generally very cost­
effective~ It is estimated that a comprehensive national program in
India inclUding promotion, training, equipment standards, financing
of retrofits, testing, and technology R&D would cost $650 million over
about five years, but could lead to a reduction in pump operating costs
of $400 million per year (NPC, 1983a) @ The program cost and savings
figures apply to both electrical and diesel irrigation pumpse The
savings are based on the subsidized energy prices currently provided
for irrigation; using actual energy costs results in much greater
savings~

C0 Residentia

Al the absolute cons tion of electricity in residences
in LDCs is relatively low, there s still potential for increasing
end-use efficiency in a cost-effective mannertl This section covers
the three primary residential end uses: lighting, refrigeration, and
water heating& Where air conditioning is used to cool residences,
many of the options discussed under commercial buildings are
relevant@

Lighting is most likely the predominant residential electricity
end use in LDCs as a whole4t Incandescent lighting dominates in
housing@ However, incandescent bulbs are relatively inefficient
with only about 10% of the electric power converted to visible light~
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Table II-4 - Measures for Reducing the Electricity Consumption
of Irrigation Pumps

1. Ose of low-resistance foot valves.

2. Replacement of undersized pipes and fittings.

3. Proper sizing of motors and pumps.

4. Use of energy-efficient motors and pumps.

5. Use of pumps with better suction lift characteristics.

6. Operation of pumps at correct speeds.

7@ Efficient coupling of motors and pumps *

8. Power factor correction.

9. Better water management.

Source: NPC, 1983ae
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The potential for replacing incandescent bulbs wi th fluorescent
lamps was described in the previous section (see Figure II-2).
Compact fluorescent lamps can be cost-effective for residential
consumers when electricity tariffs are at least $Oo06/kWh and the
lamps are used at least three hours per day.

Elec tr i city conserva t i on technolog i es such a s compact
fluorescent lamps appear even more attractive when they are compared
to new power supply fac iIi ties ( i '» e \I' when cons ider i ng economl C

viability from the societal perspective). Figure II-3 illustrates
this phenomenon by comparing compact fluorescent lamps and new
hydroelectric generating capacity in Brazil (Goldernberg and
Williams, 1985) e The chart shows the net present value of
investments required over 50 years to ei ther provide a kW via
hydropower or save a kW using the fluorescent lamps ~ The investment
requirements are computed as a function of the discount rateo At
discount rates considered reasonable for LDCs (10-15% in real terms) f

supplying hydroelectric power is 2.5-5.0 times more costly than
saving powero

2. Refrigerators

Single door, manual defrost refrigerators are the most common
type of domestic refrigerator in LDCSe While these models consume
less power than two-door refrigerator-freezers, they can vary greatly
in energy efficiencYe In Brazil, 250-360 liter refrigerators
typically consume 650 kWh/yr using the same standard test that is
conducted in the u~s* (Geller, 1984) 0 The best models produced in
Europe and Japan in this size range consume just 175-300 kWh/yr@
Table II-5 lists the top-rated refrigerators produced worldwidee

Refrigerator electricity consumption can be reduced through
better insulation (e0g~, polyurethane foam rather than fiberglass),
use of more efficient motors and compressors, and larger heat
exchangers0 Application of these measures has reduced the
elect ric i ty consumpt i on of new re fr i ger a tor s produced i n
industrialized countries by 30-70% during the past IS years (Geller,
1985) 0 Such improvements should be possible in LDCs where
refrigerators are being rnanufactured0

Exper i ence around the war ld has shown tha t rna re eff i c i en t
refrigerators are very cost-effective for consumers and society
overall@ The increase in first cost for producing highly efficient
models is ically 5-15%, and the extra first cost is paid back
through operating cost savings within a few years (Levine et ale,
1985) ~ The cost of reducing baseload demand is under $1500 per kW
saved, considerably less than the cost of supplying a kW to
residential customers from new power-generating facilities (Geller,
1984) @
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Figure I1-3

Present value of investment costs to supply one
kilowatt from hydropower compared with the investment
for saving one kilowatt using compact fluorescent light
bulbs instead of incandescent lamps (Brazil, 50 year
comparison)
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Table II-S - Some of the Most Energy-Efficient Refrigerators
Produced in the World

Elect. Unit
Brand and Capacity use a elect. use
location Model (liters) (kWh/yr) (kWh/l/yr)

Single doo models

Hitachi (Japan) RX717 170 180 1&06
National (Japan) NR2l4R 205 190 O~93

Gram (Europe) K244 231 200 0087
Electrolux (Europe) RF930 245 220 0890
AEG (Europe) KS380 330 275 0.83
Bosch-Siemens (Europe) KK3650 346 290 0.84
Gram (Europe) K395 371 315 Oe85

Two door models-----
National (Japan) NR30SHVP 300 275 Oe92
Mitsubishi (Japan) MR3126 310 290 0.94
Toshiba (Japan) GR4l5AS 410 430 1&05
National (Japan) NR434TR 425 445 1~05

Electrolux (Europe) TRl120C 315 475 16551
Gram (Europe) KF355 337 550 11963
Whirlpool (U@S@) ET17HKXR 485 750 1,,55

a Electricity use is based on standardized tests which are not the'same
in Europe, Japan, and the U.Se Therefore, the consumption values for
different locations are not directly comparable@

Source: American Council for an Energy-Efficient Economy,
Washington, DC@
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In Br az iI, 50% of households owned refr i gera tor s as of 1980 and
their saturation is growing rapidly. Also, larger and more energy
intensive two door refrigerator-freezers are becoming popular. It
is estimated that by shifting to highly efficient models, 15 TWh/yr of
electricity demand could be saved in Brazil in the year 2000 (Geller et
al., 1986). This is equivalent to the power generated by 3500 MWof
baseload capacity in Brazil. Furthermore, 2-4 times less investment
is required to save this amount of demand than to supply it with new
hydroelectric power (Geller, 1984).

3. Water Heating

The saturation of electric water heaters is growing in urban
areas of many LDCs. In some wealthier locations, they are already a
significant load. For example, a survey conducted in metropolitan
Sao Paulo in 1985 showed that point-af-use shower water heaters
account for over 50% of the residential peak demand (Graca and
Barghini, 1985). Virtually all electric water heaters in LDCs employ
electric resistance coils~

Small heat pump water heaters (HPWHs) are produced for "do"mestic
water heating in North America and Europe~ They typically consume
50% less electricity than electric resistance water heaters for the
same amount of hot water use (Geller, 1985) ~ HPWHs should operate
very efficiently in developing countries because of the relatively
high ambient temperatures~

The cost for HPWHs in industrialized countries is somewhat high
($500 or more) (Geller, 1983) ~ In Brazil, private companies are
developing small HPWHs for export as well as for the domestic rnarketfb
One company estimates that they will be able to produce a heat pump
unit that will cost $200 in addition to the storage tank (Yoshizawa,
1985) @ At this price, the HPWH would be very economical in households
with a central water heater (Geller et al~, 1986) ~ It may not be
practical, however, to replace a point-of-use shower water heater
with a HPWH@

A study of the electricity conservation potential in Brazil
indicates the large impact that end-use efficiency can have when
different end uses are aggregated (Geller et a1 e 1 1986)" As shown in
Table II-6 1 87 TWh of savings are possible in six end-use areas by the
year 2000~ This is equal to almost 20% of the total electricity
demand ojected for that year@ The savings are provided entirely
through technol og i es tha tare techni ca 11y and econorni ca 11y feas i ble f

and in many cases already available in Brazil@ Additional savings
may be pos sible in other areas such as wa ter hea t i og and air
conditioning~
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Table II-6 - Cumulative Electricity Savings Potential in Brazil
by the Year 2000

Current Savings Savings
End-use Forecast Potential Potential a

Area (TWh/yr) ( %) (TWh/yr)

Industrial
motors 177.3 20 b 3S@5

Domestic
refrigerators 28@3 SOc 14@2

Domestic
lighting 17.7 SOd 8.8

Commercial
motors 29.7 20 b 5@9

Commercial
lighting 25.8 60 e 15.5

Street
lighting 17.9 40 f 7.2

TOTAL 296.7g 29 87~1

a Savings potential through the normal addition of new
equipment and replacement of older units, not immediate
replacement of the entire equipment stock~

b Includes savings from adopting motor speed controls as well
as more energy efficient motors.

C Assumes conversion to hi efficient models like those now
produced in other countr eS$

d Assumes conversion from incandescent to fluorescent lighting
in the most heavily used lamps@

e Assumes a combination of efficiency measures are adopted as
discussed in section II~B~l~

f Assumes conversion from mercury vapor to high pressure sodium
street lamps~

g forecast for these six end uses represents about 66% of
the total electricity demand forecast for Brazil in 2000.

Source: Geller et al., 1986~
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Installing more efficient end-use equipment in Brazil during the
next 15 years in order to reduce electrici ty demand by 87 TWh in 2000
could eliminate the need to construct 22 GW of power generating
capacity~ This is equal to nearly half of the projected new capacity
that must be completed by 2000, in addi tion to capaci ty now in place or
under construction (Geller et al., 1986). Avoiding constructing 22
GW would save utilities from having to invest at least $44 billion
(1985 dollars) in new power supply facilities. The required
investment in greater end-use efficiency, on the other hand, is
estimated to be under $10 billion (Geller et al@/ 1986).

In India, a major study commissioned by the national government
estimated that if current trends continue, electricity consumption
will increase from 84 TWh in 1978-79 to 471 TWh by 2000-01 (Prasad et
ale I 1979). Inherent in this forecast is a reduction in the rate of
growth in demand from 10.0%/yr during 1975-82 to 6.6%/yr during 1992­
20000 The study also estima ted that if demand is further reduced in
ways that do not hamper economic growth, consumption in 2000-01 could
be lowered to 396 TWh. This is a 16% reduction from the reference
case, and it could lead to a savi,ngs of 2104 GW in installed generating
capacity (Prasad et al., 1979). .

In LDCs as a whole, slowing the rate of growth in electricity
demand by l%/yr would immediately save -about 19 TWh/yr& By 1995, the
cumulative savings from slowing growth by l%/yr for 10 years would be
about 285 TWh. Should the savings be realized, tDes could avoid
adding nearly 65 GW of generating capacity by 1995~ This in turn
would save developing countries at least $130 billion in investment
costs for electricity supply facilities. Based on the example of
Brazil, the net savings (accounting for the required investments in
end-use efficiency) might be about $100 billion. These targets are
considered achievable, but may require introducing comprehensive
conservation programs (see chapter IV) $
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rIro Market Response and Market Failure

Ao Market Response

1. Overall Price and Demand

El ec tr i city cos ts increased th roughou t the wor 10 dur i ng the pas t
decade due to rising oil prices and increasing costs for new power
generating facilities. rn the UeaS., for example, the average
electricity price increased nearly 60% in constant dollars between
1970 and 1984 (EIA, 1985). In Japan, the electricity prices
increased nearly 70% during the same period. These price rises
reversed earlier trends towards lower electricity prices0

The sharp price increases significantly affected electricity
use in industrialized countries. Table III-l shows the electricity
intensity of the Japanese and OeS. economies since 1965. In the UeS<e',
the electrical intensity of the economy continued to increase until
the rnid-1970s. However, the electrical intensity fell slightly in
most years after 1976. Consequently, utilities in the u.s. were able
to cancel numerous power plants planned or under constru'ction
(Flavin, 1984). In Japan, there were significant reductions in
electricity intensity during the early 1980s~

Similar trends occurred in other industrialized nations$
Electricity demand in the 21 IEA countries from North America, Europe,
and the Pacific grew 7@1%/yr on the average during 1960-73, about
2~2%jyr faster than growth in GOP (lEA, 1985a). Growth in
electricity demand declined to 2~4%/yr on the average during 1973-82,
nearly equal to rate of GOP growth during this period~ Meanwhile,
average industrial electricity prices increased about 35% in. real
terms in the IEA nations between 1973 and 1983 (lEA, 1985a) ~

Although fewer data are available regarding changes in
electricity consumption in response to rising prices in developing
countries, some examples do show a market responsee Table III-2
shows the growth rates for electricity demand, electricity intensity,
and electrici price in various countries since 19650 In general,
the rate of increase of electricity intensity declined as electricity
price increased during the past 20 years$

In South Korea, total energy consumption per unit of GOP fell
tween 1975 and 1980 after many years of steady increases prior to the

first oil shock~ This was achieved in spite of the continued growth
in the share of the economy devoted to energy-intensive "heavy
industries" (Kim, 1983a). As for electricity demand, electricity
con tion per unit of GDP grew lO.3%/yr during 1965-75 and 5$9%jyr
during 1975-81 (Kadir and Kim, 1984a) ~ During the latter period,
real electricity prices increased over 5%/yre
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Table III-l - Electricity Intensities in Japan and the U.Se

Electricity demand

Year
Eer unit of GNpa

Jaean U.S. c

1965 1.62 1.03
1966 1.63 (0.6) 1.05 (2.3)
1967 1.69 (3.8) 1.09 ( 3 e 4)
1968 1.66 (-1.8) 1.14 (4.6)
1969 1.71 (3.0) 1.21 ( 6 0 2)
1970 1.80 (5.6) 1.28 (6.1)
1971 1.85 ( 2. 7) 1.31 ( 2 0 2)
1972 1089 (2.1) 1.34 ( 2 0 7)
1973 2.00 (5.9) 1.37 (1.6)
1974 1.99 (-0.5) 1.37 (0 • 2)
1975 1.99 (-0.1) 1.42 ( 3 ~ 6)
1976 2.04 (2.7) 1.43 ( 0 0 8 )
1977 2.02 (-1.0) 1.42 (-0.5)
1978 2.04 (0 • 7) 1.40 (-1.3)
1979 2.04 (0 & 1) 1.40 (- 0 ~ 2)
1980 1.94 (-S.O) 1.42 (1.4)
1981 1.90 (-2.0) 1.42 (0 • 0)
1982 1.84 (-3.1) 1.41 (-0.8)
1983 1.88 (2.0) 1.40 ( - 0 ~ 5 )
1984 1039 (-0.7)

a Values in parentheses are the annual rates of change.

b kWh per 1000 yen (constaEt 1980 yen).

c kWh per dollar (constant 1972 dollars).

Sources: EIA, 1985; Tsuchiya, 1986~
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Table III-2 - Basic Data on Electricity Demand and Price
in Selected Countries

Elect. Elect. Electo
demand intensity price

Time growth growtha growthb

Country Period (%/yr) (%/yr) (%/yr)

Japan 1965-70 13.2 2.2 -5.4
" 1970-80 5.4 0.7 5.5
II 1980-83 2.2 -1.1 0.0

u.s. 1965-70 8.3 4.1 -4.8
" 1970-80 4.5 1.0 3.2
n 1980-84 2.2 -0.5 2.5

Brazil 1965-75 10.6 1.5 106c
if 1975-83 9.7 5.8 -5.1

Korea 1965-75 21.0 10.3 2.Sc
n 1975-81 13.4 5.9 5.3

Philippinesd 1960-75 9.7 4.0
'" 1975-82 8.3 2~8

Singapor 1965-75 14.8 3.2
Vi 1975-82 9.3 0.7

Thailandd 1965-75 22.3 13.6 0.6e
VI 1975-82 10.7 3.6 8.7

a Change in electricity consumption per unit of real GOP.

b Price nge in constant terms.

c 1970-75 ra r than 1965-75.

d Electrici production rather than consumption.

Source: American Council for an Energy-Efficient Economy0
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In Thailand, electricity generation per unit of GDP grew at
average rate of 16%/year during the 19605 and 6%/yr during the 19705
when electricity prices were subsidized (Kadir and Kim, 1984b) e The
Thai government substantially increased energy prices beginning in
1979. The price of electricity to industrial customers, for example,
rose 30%/yr faster than inflation during 1979-82 (Gaskin, 1985) ~

This resulted in electricity generation per unit of GDP rising only
about 1.5%/yr during 1980-82 (Kadir and Kim, 1984b) 0 During the same
period, oil consumption dropped in absolute terms. The Thai economy
clearly responded to rising energy prices on an aggregate basis~

In the Philippines, electricity generation per unit of GDP was
increasing at a rate of about 4%/yr during the 1960s and early 1970s
(Kadir and Kim, 1984b). Electricity is generated mainly using fuel
oil in the Philippines, and tariffs rose following the 1973 oil price
shock. A national energy conservation program was also initiated,
resulting in overall energy use per unit of GNP falling 17% between
1974 and 1982 (Ocampo, 1984). Electricity generation per unit of GDP
increased at an average rate 2@8%/yr during 1975-82, less than the
rate during the previous decade@

Although the electrical intensity of the economy in countries
like South Korea, the Philippines, and Thailand is still growing,
growth rates ha ve been reduced. Whi 1e much rerna ins ,to be done in the
area of electricity conservation, some progress has occurred$

In Brazil, the rate of growth in electrical intensity is still on
the rise (Geller et al., 1986) 0 During 1965-75, electricity
consumption per unit of GDP increased at an average rate of 1.5%/yr
while the economy rapidly expanded and real electricity prices rose
slightly0 Electricity consumption per unit of GDP then 'increased
5~8%/yr on the average during 1975-83 while economic growth slowed~

During this latter period, the average electricity price fell about
5%/yr ·,in real terms I in part to encourage use of hydropower as a
substitute for imported oil (de Lucia, 1985). High growth in
electricity demand coupled with revenues falling below operating
costs and debt service requirements placed a severe financial strain
on Bra z i 1 f S e 1e c t ric L1 til i ties duri n9 the 198 0s (Ge 11 ere tal (6' 19 86) 0

The experiences in both industrialized and developing countries
show at historical patterns of rapidly increasing electricity
consumption can change~ Large reductions in electricity demand
gr owth are pas s i bl e as pr ices rise and marke ts are encour aged to work $
It is extreme important to understand how price changes and other
factors influence electricity demand in order to plan the development
of new power supply facilities rationally.

Unfortunately, electricity prices in many developing countries
are well be low long-run marg i nal cos ts (Sa under sand Jechou tek ,
1985) ~ Many governments have allowed electricity prices to fall in
real terms for political popularity and as a perceived stimulus for
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the economy. However, subs id i zed pr ices d i scourage conserva t i on and
lead to insufficient financial returns on investments by utilities.

2& Market Response Among Residential Consumers

Few data are available on electricity conservation trends and
price response among residential consumers in LDCs. However, this
issue has been examined in the o.s. and other industrialized nations"
The u.s. experience illustrates conditions that are likely to exist
among high electricity-consuming households throughout the world.

Residential electricity prices in the u.s. increased less
rapidly than commercial and industrial prices, but still rose 39% in
real terms between 1970 and 1984 (EIA, 1985). During the same period,
the average efficiency of most residential appliances rose. For
example, the typical new refrigerator sold in the U.S@ in 1984 used
about 40% .less electricity than the typical model sold in 1972
(Geller, 1985) e The efficiency of new window air conditioners
increased by 25% during 1972-84. These improvements are a
consequence of a complicated set of factors including technological
advances, the a va i labi 1 i ty, promo t i on, and accep tance of rna re
efficient models, rising electricity prices, regulatory initiatives,
and incentive programse

A number of studies have been completed in the U.54'3 examining how
appliance buyers trade off extra first cost and reduced operating
cost, either consciously or implicitly in the models they purchase~

These studies show very high "implicit discount rates" in appliance
choices in the U0Se The implicit discount rate equates the life­
cycle cost of product choices that differ in first cost and operating
cost (Ruderman et alo, 1984) 0 If markets were performing
Urationallyn, the implicit discount rates would be near the
oppor tuni ty cos t of cap i tal for consumer s (i ~ e @ I on the order 0 f 5.:.. 10 %
above inflation) @

One study found that the implicit discount rate associated with
the purchase of refrigerators, freezers, and water heaters in the UlIlS0
ranged from 60% to 240% in 1980 (Ruderman et al ~ I 1984) @ These very
high implicit discount rates indicate that the marketplace is far from
adequate for ensuring that residential consumers buy and use cost­
effective, energy-efficient electrical appliancese

Another study done in the UeS. not only found high implicit
discount rates associated with the purchase of air conditioners, but
also found that the implicit discount rate increases substantially as
income declines (Hausman, 1979) ~ As expected, the poor have less
money available for investing in energy efficiency and end up with
e ially inefficient equipment 88 This has direct implications for
LDCs where capital and income are limited. Indeed, one survey in Rio
de Janeiro showed that low-income urban households typically use
older, second-hand refrigerators of poor energy efficiency (Behrens,
1985b) ~
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30 Market Response in the Industrial Sector

Industrial electricity prices grew more rapidly than
residential or commercial prices in industrialized countries during
the past decade (IEA, 1985a). In the U.S., the average industrial
price rose 100% in real terms between 1970 and 1984 (EIA, 1985).

The industrial sector shows a clear trend towards greater
electr i cal eff i c iency over the pas t 30 year sin the U. S • Dur i ng the
1950s, industrial electricity purchases grew 5.0%/yr faster than GNP
expansion. Industrial electricity purchases outpaced GNP by about
1.8%/yr during the 1960s, and then trailed GNP growth by about 0.5%/yr
on the average during the 19705. Between 1979 and 1984, industrial
electricity purchases remained constant in the u.s. while GNP grew
2.1%/yr on the average.

There has been some effort to understand the reasons for the
reductions in the growth in industrial electricity use in the u.s.
since 1970. One study concluded that shifts in the output mix away
from electricity-intensive products accounted for about a 0.8%/yr
reduct i on and irnprovemen ts in energy eff i c i ency accou n ted for abou t a
O.S%/yr reduction relative to historical trends (Marley, 1984) e The
sh if t a way from rna ter i al s-i n tens i ve indus tr i es such as pr imar y me ta 1 s
has been especially important (Larson et al~, 1986) @

Studies of the energy conservation activities of industries show
that the bulk of the efficiency improvements have come through
improved operations and maintenance (Ross, 1985). Some energy­
savings investments are being made, but usually where accompanied by
other objectives such as better process control$ Furthermore, the
investments being made have a very high rate of return, with simple
payback s typi cally under two year s (Ross I 1985). Other cos t­
effective investment opportunities that could lead to an estimated
25% reduction in overall energy consumption by industry are being
passed over by and large (Ross, 1985).

Numerous econometric studies have been conducted in the u.s.
exami ni ng over all changes in the demand for e lec tr i city in re la t i on to
changes in price (Bohi and Zimmerman, 1984) @ The largest number of
studies pertain to electricity price and demand in the residential
sector~ These studies typically estimate that the long-run price
elasticity is about -0070 (i~e~1 electricity use falls 70% over the
long run in response to a doubling in real electricity price)o
However, there is considerable variation in the elasticities
est ted in different studies, depending on the methodology used,

type of data, and other factors (Bohi and Zimmerman, 1984) ~

In Japan, a study of energy price elasticities in the household
sector showed electricity price elasticities of -0031 to -1~44
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depending on region (Tsuchiya, 1984) 0 The average price elasticity
for nine regions was -0.90. These long-run elasticities apply to the
1967-79 time period. Higher elasticities in Japan compared to the
u.s. are not surprising given the outstanding energy efficiency
improvements in Japan.

In the industrial and commercial sectors, electricity price
elastic i ties are much more uncertain it A comprehensi ve review
concluded that no consensus-exists regarding price elasticities in
these sectors in the u.s. (Bohi and Zimmerman, 1984) G An analysis of
electricity demand, income and prices in Japan and South Korea between
1965 and 1981 showed relatively low price elasticities for the
industrial sector (-0.06 in Japan and -0.01 in Korea) (Kim, 1983b).
The low price elasticities are attributed to the rapid
industrialization that occurred in these countries and the fact that
electricity represents a small fraction of total production cost.

Some cavea ts are needed regardi ng econometr i c s tudi es of
response to changes in electricity price (Sweeney, 1983) ~ First,
many of these studies use older price and consumption data (i .e., data
pr i or to 1978) when in teres tin end-use eff i c i ency was 1 imi ted 0 The
studies do not capture the effects of new technologies developed in
response to previous price hikes (i*e., technologies reaching the
marketplace during the 19805) ~ Likewise, consumer awareness as well
as policies and programs to encourage electricity conservation have
been increasing over time. Finally, price and income elasticities
are 1 ike ly to be somewha t coun try-spec i f i c, depend i ng on the na ture of
an economy, equipment saturations, lifestyle preferences, and other
factors@

An important question is how much of the electricity
conservation that has occurred in the past decade has been due to price
effects and how much has been due to governmental and uti 1 i ty act ions?
Unfortunately, it is very difficult to answer this question. There
has been some analysis of the general factors leading to reductions in
overall energy consumption in the U$5., but apparently little or no
analysis of the factors causing electricity conservation~

One s estimated that about 61% of the energy conservation
that occurred in 1980 in the U~Se was price-induced (Morlan, 1981) 0

About two-thirds of this was a short-run response involving
operational changes (eog@! less use of space heating, air
conditioning or automobiles) ~ One third of the price response was
attri ted to technical improvements. Of the remaining 39% of the
energy savings in 1980, 8% was attributed to a slight decline in GNP,
and 31% is attributed to other factors@ These other factors include
structural changes in the economy as well as non-market forces such as

rnmental and utility programso

Another statistical analysis estimated that of the 16 Quads of
energy savings not due to lower economic growth in the U.S@ during
1973-82, abou t 11 Quads (69 %) was due to hi gher energy pr ices and abou t
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5 Quads (31%) was due to conservation programs and other non-market
forces (Hirst et al. 1 1983). For comparison, actual energy use in the
UoS. equaled 71 Quads in 1982.

Clear ly, pr ices are an impor tan t factor i nfl uenc i ng e lectr i city
demand. According to World Bank officials, it is desirable to set
tariffs that are close to the long-run marginal cost, i.e., the
average cost for incremental power supplies over an extended time
period (Munasinghe and Warford, 1982) 0 Adjustments in marginal
cost-based tariffs are made to satisfy social goals where necessary.
Marg i na1 cos t pr i c i ng is espec i ally irnpor tan t when i ncremen tal cos ts
are higher than embedded costs. Marginal cost pricing by no means
guarantees that all cost-effective conservation will occur, but it
appears to be an important precondition for achieving substantial
conservation.

B$ Barriers Inhibiting Greater Electricity Conservation

It is not easy to implement cost-effective end-use efficiency
improvements on a large scale in industrialized countries or LDCs.
Even if prices are "correct" (i.e. , at or close to marginal costs)·,
other barriers inhibit a more rational balance between investments in
electricity supply and demand. These barriers include:

l~ Many consumers and equipment purchasers are unaware of
savings opportunitieso Also, there may be a high cost
and inconvenience for obtaining information and evaluating
project feasibility~

2~ Overall electricity demand depends on a vast number of
dispersed purchase and operating decisions~ Providing power
on the other hand, is a highly centralized activity that can
be relatively well-controlled by energy authorities.

3~ Energy-efficient products may not be available in LDCs and
manufacturers there may be reluctant to innovatee

4~ End-use equipment is often bought on the basis of minimum
first cost rather than Ii -cycle cost@ Purchasers may not
have the extra capital necessary to buy a product that has a
greater first cost, and they may be unable to take a loan.
Even when capital is available, industries prefer investments
that increase output rather than energy efficiency6

S@ Those making the purchase decision may not be responsible for
paying operating costso Therefore, they do not have an
incentive to minimize life-cycle costs~

6~ Taxes, duties, and tax incentives in LDCs often distort the
economics of investing in energy-efficiency improvements~

Duties and taxes inflate the cost of capital equipment, while
electricity prices are often subsidizede
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Some of these barriers are interrelated (ef»g., split
responsibilities and lack of a life-cycle cost perspective) I with one
resulting in part from the other. Other barriers (eetg0/ lack of
energy-efficient products) are more fundamental. Each of the
barriers is discussed in greater detail below.

1. Lack of Awareness and Interest

Surveys of plant managers in Thailand found a widespread lack of
knowledge and technical skills regarding energy efficiency (Gaskin,
1985) $ Conservation projects are initiated by plant staff and
analyzed by a staff engineer -- these persons have limited time and
resources, and they are usually preoccupied with day-to-day plant
management (ASE, 1983a)o Similar barriers have been found within
industries in India (NPC, 1983a).

Industrial firms often classify their projects by purpose@
Energy conservation projects generally are classified as cost cutting
projects~ This class of projects tends to be given lower priority
than mandatory projects or strategic projects such as. c.apa.city
expansion or the development of new products (ASE, 1983a, Gaskin,
1985) $'

In India, farmers usually select the water pumping equipment
used for irrigation~ Most have little knowledge regarding proper
equipment sizing, equipment efficiency, and correct operation (NPC,
1983a) ~ Furthermore, technical assistance related to energy
efficiency is not readily available from either equipment suppliers
or extension agents~

Residential consumers generally know very little about how much
energy appliances use or how much they cost to run (G~ller, 1983) G

Furthermore, consumers are usually not aware of the considerable
differences in efficiency among various models. These attitudes are
understandable given that metering and bills are based on total
electri city use @ Al so, consumer s are generally more concerned wi th
other f act or s bes ides energy eff i c i ency when they purcha se equ ipmen t,
and they lack information on conservation opportunities$

Increasing end-use energy efficiency involves a large number of
relatively small projects and expenditures. In the residential
sector, they may not get the attention of the head of the household~

I n bus i nesses and indus tr i es, lower leve 1 staff do no t ha ve the budge t
necessary to make energy conservation investments, and the projects

be too small to be considered by senior management (ASE, 1983a).

2. Nature of Electricity Conservation

Building power plants, substations, and power lines are well­
defined and well-controlled activities. Utilities have experience
with these projects, they are highly visible, and their output can be
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eas i 1y measured. Al so I uti I i ties have access to large quan ti ties of
capital with favorable lending terms for power supply projects.

Influencing and managing electricity demand, on the other hand,
is a relatively new venture that is inherently less easy to control,
observe I or measure. Mi 11 ions 0 f consumer s make dec is ions re la ted to
end-use equipment. There are uncertainties regarding the technical
performance and economic return resulting from conservation
investments. Finally, utilities may feel that they are "in the power
business" and that it is improper or counterproductive for them to
help their customers use less electricity.

Operating effective conservation programs requires consi­
derabl e resources and exper t i se I) Spec ial i sts in consumer behav i or I

marketing, program design, implementation, and evaluation are
needed. Also l considerable financial support may be needed for
financing or incentive programs. These resources and skills may be
lacking at utilities and governmental authorities in LDCs',and they
are difficult to obtain.

3$ Lack of Products, Innovation, and Entrepreneurs in LOCs

Enercgy .....efficient end-use technologies are often relatively new,
more costly, and more sophisticated than less-efficient equipmento
Smaller LDCs import almost all their electrical equipment, and they
tend to import less-efficient equipment because of the lower first
cost, lack of information, or lack, of familiarity*

Some larger LDCs produce their own motors, refrigerators,
1 i gh t i ng equ iprnen t, etc f9 Ma nufacturer sin LOCs of ten do no t produce
state-of-the-art, energy-efficient equipment because they lack the
know-how or the R& D capab i 1 i ty @ Marke ts may be too sma 11 to jus t i fy
the necessary investments and consumers may be unwilling to pay the
greater initial cost~ Governments may be protecting domestic
manufacturers against foreign competition, thereby stifling
innovation and entrepreneurship. Also, governments may prevent or
di scour age the impor t of manufactur i ng equ ipmen t or cornponen ts 1 even
if such equipment and materials are going to be used to produce more
efficient domestic technologies@

This is not to say that efficient products cannot be produced and
sold in Loes. In Brazil, for example, heat pump water heaters,
variable speed motor drives, high-pressure sodium lamps, compact
fluorescent lamps, and lighting control systems are already being
manufactured to a limited extent. In many countries, it should be
possible to convert from inefficient to efficient end-use equipment
if so desired. One of the challenges for government officials is to
adopt policies that enable a market for energy conservation equipment
and services to become established~
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4~ Lack of Life-Cycle Cost Perspective and High Required
Rate of Return

Residential consumers tend to look for products that meet their
needs and then shop for the lowest first cost. Life-cycle cost is
generally not considered as indicated by the implicit discount rate
studies cited in section III.A.2.

Businesses and industries do look at conservation expendi tures
as an investment that provides an economic return through operating
cost savings. The simple payback period is the most widely used index
of economic worth when a project is first considered (ASE, 1983a) 9

This index does not take into account tax credits, depreciation
benefits, electricity price escalation, savings over the life of the
investment, or the time value of money.

Surveys show that the internal rate of return is often determined
and used as the basis for a final decision on a project among
industries in th,e u.s. (ASE, 1983a) 0 Internal rate of return -is a
logical basis for making business investment decisionso However, it
does not provide a basis for comparing investments in end-use
efficiency with alternative energy supply resources. Life-cycle
cost or net present value analysis is needed to compare alternative
investment opt.ions at the societal levele

Even when an attractive conservation opportunity is identified,
the potential purchaser may not have the necessary capi tal @ A
shortage of d i scret i onary cap i ta 1 and a hi gh cos t f or barr owed cap i tal
are espec i ally common in cleve lop i ng coun tr i es *. These pr oblems ha ve
been identified as major factors inhibiting energy efficiency
investments among industries in India and Thailand (NPC, 1983a;
Gaskin, 1985)!$

Stud i es of dec i s i onrnak i ng rela ted to energy conserva t i on
investments by industries in the UeS. show that in practice, the
majority of firms use some form of capital rationing since investment
capital is not adequate to support all worthwhile projects (ASE,
1983a) 0 This leads to "hurdle rates" (i~e., the required internal
rate of return) on order of 30-50%, and possibly as high as 70%~

Combined with the low priority given to energy conservation, this
greatly inhibits investments that are theoretically sound~

5~ s

In residential and commercial buildings, different parties are
often responsible for making capital-related decisions and paying
operating costs~ Architects and engineering firms design and
construct buildings, often trying to minimize first cost to improve
naffordability"@ In rental property, owners are responsible for the
building itself while the tenants usually pay energy costs~ It is
even common to pass through energy costs to the occupants of
commercial rental property~ Split responsibilities provide little
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incentive to minimize life-cycle costs, both in industrialized
countries and LDCs.

Consulting engineers are often hired to design a new plant and
select i ndustr i al equ ipment. Here aga i n the concern is with reduc i og
initial cost rather than life-cycle cost. Also, responsibility for
capital investments and fuel expenses may be split within a company.
Energy managers may be expected to make "housekeeping" modifications
to reduce energy costs, but are not involved in decisions regarding
substantial capital investments. In some cases, there is a clear
dis i ncenti ve f or manager s to reduce energy cos ts grea tly as thi s wi 11
lower their budget allocation in the future.

6. Taxes, Duties and Tax Incentives

In equipment-importing developing nations, import duties and
taxes can greatly inflate the cost that consumers pay for more
efficient products. At the same time, the government may be
subsidizing electricity supply in general or specific services such
as po~er for industrial or agricultural customers.

Likewise, tax incentives such as accelerated depreciation may be
lacking for businesses that purchase conservation equipment, while
energy costs can be deducted as a business expense when income taxes
are compu ted «< Thi sis an impl i cit subs idy tha t lower s the actual cos t
of energYe Even if tax-related incentives are offered to businesses
that invest in energy efficiency, the incentives may not be sufficient
to affect purchase decisionse
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IVe Implementing End-Use Electricity Conservation

Governments and utilities in industrialized countries and some
LDCs ha ve taken many act i cns to encour age more eff i c i en t electr i city
usage. Table IV-l shows the different types of policies and programs
that can be adopted. In general, these activities and programs are
intended to overcome the technical, economic, and institutional
barriers discussed in Chapter III.

Appendix B lists specific steps that utilities and energy
au thor i ties in LDes can take to deve lop eff ec t i ve conserva t i on
strategies and programs. The range of implementation-oriented
activities are reviewed in this chapter.

A. Data Collection

Da ta on e lee tr i city consumpt i on are needed for j udg i ng where to
concentrate conservation efforts and for estimating the savings that
could resul t " I n many deve lopi ng coun tr i es, da ta on e lectr i city end
uses are poor or even nonexistent" Field surveys and measurements,
billing data analysis, and customer reports are needed to determine
the amount of electricity consumption and the load profile by major
end use@ This information is most useful when disaggregated by
customer type (e~g@f type of business or industry) 9

In the U~S~I utilities are increasingly analyzing the
electricity consumption patterns of their customers and engaging in
load management activities (EPRI, 1984a) 0 Some utilities survey
their customers regarding equipment ownership and conservation
actions0 Other utilities submeter various end uses in a sample of
their customerSe However, end-use metering can be expensive. For
example, one utility in the u~s~ is spending $305 million to obtain
metered data in 280 commercial buildings (Hirst et al., 1986).

Ma utilities avoid end-use metering through deductive
ana sis of utility bills* In residential buildings, it is possible
to estimate statistically the average electricity use by major end use
through conditional demand analysis (Parti and Parti, 1980; Lawrence
and Parti, 1984) ~ This involves analyzing consumption along with
appliance ownership for large numbers of customers. Price and income
elasticities can also be calculated if corresponding data are
availableill Econometric analysis of this type can be done for a small
fraction of the cost of metering studies~

A survey of residential electricity consumption involving
interviews, limited metering, and statistical analysis was carried
out in the city of Sao Paulo in 1985 (Graca and Barghini, 1985). This
utility-sponsored study provided numerous insights into domestic
electricity use and indicated the areas where conservation was most
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Table IV-l - Different Types of Conservation Programs

A. Data collection

1. Energy use surveys
2$ Industrial and commercial reporting

B@ Equipment development, demonstration and testing

l@ Technology research and development
2. Demonstration and performance testing

c. Legislative and regulatory activities

1@ General conservation legislation
2. Utility regulation
3@ Equipment standards
4~ Building codes

D@ Information and education programs

10 General information
2. Efficiency labels
3~ Energy audits
4@ Training
5@ Energy conservation centers

E0 Incentives

l@ Tax credits and taxation policy
2. Grants
30 Rate incentives
40 Rebates
6@ Competions and awards

10 Utility loans
2. Government loans
30 Third party

G0 ~~""etin~

1& Free installation
2@ utility marketing

Source: American Council for an Energy-Efficient Economy,
Washington, DC.
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needed. For example, it was discovered that point-of-use shower
water heaters contributed over 50% of the residential peak load.
Policies for reducing this peak load were being discussed following
the completion of the survey.

The Energy Information Administration (EIA), a branch of the
u.s. Department of Energy, conducts regular national surveys of
energy consumption in a representative sampling of residential and
commercial buildings in the u.s. (ErA, 1983aj ErA, 1983b) * These
surveys provide data on building characteristics along with average
electricity and fuel consumption as a function of building type,
region, and other variables. Conducting national surveys of this
type prov i des pol i cyrnaker s with a bet ter under stand i ng of how energy
is used and how energy use is chang i ng over time. Al so, the na t i anal
survey data can be statistically analyzed to estimate consumption
according to end use (Meyers, 1982; Lawrence and Parti, 1984).

2. Industrial and Commercial Reporting Programs

Energy conservation legislation adopted in the UoS. during the
1970's requires all larger industries to report report their energy
consumption to the federal government on a regular basis. This
enabl es the Depar trnen t of Energy to man it or conserva t ion prog re s sand
determine whether industry-wide targets are being met.

A comprehensive reporting, efficiency targets, and management
program has been established for larger industrial and commercial
firms in the Philippines~ Qualifying firms are required to set
efficiency targets and report consumption quarterly to the government
(Ocampo, 1984) ~ Of the 401 companies included as of 1983, 54% were
comply i ng wi th the repor t i ng procedures @ I n add i t i on, 1arger
energy-consumi ng f i rrns are requ i red to appo i n t fu 11- t'ime energy
managers to plan and implement conservation programs~

South Korea also instituted a reporting scheme for larger
industrial firms (Kim, 1983a) @ Firms consuming at least 500 tons of
coal equivalent per year must report on energy consumption and
conserv'a t i on act i vi ties annua lly as well as ernploy an energy
conservation manager@

B~ Equipment Development, Demonstration and Testing

In larger developing countries that produce their own motors,
air conditioning equipment, lighting products, etc. 1 there is a need
to develop and bring to the marketplace more efficient equipment.
Advanced products such as variable frequency motor drives, heat
pumps, compact fluorescent lamps, and efficient refrigerators can be

oduced in countries like Brazil, Mexico, India, and Korea. In all
developing countries, it would be useful to demonstrate and monitor
the performance of newer energy-efficient equipment (either
domestically produced or imported) ~
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Demonstration conservation projects are sponsored by the
government of Barbados I and are recogni zed as an essent i a 1 means for
encouraging action on the part of private firms there (Thompson,
1985). Demonstration projects have been established at hospitals,
the airport, and in other public facilities.

1. Technology Research and Development

Governrnen t organi za t ions and uti 1 i ties are log i cal sponsor s of
R&D on more efficient products, with the work carried out by a private
company, university, research laboratory, or some combination~ In
the U & S ., the f edera 1 Departmen t of Energy has suppor ted the
development of many efficient end-use technologies, including the
heat pump water heater, advanced light bulbs, efficient
refrigerators, and electronic lighting ballasts9 Also, R&D projects
to reduce e lectr i city consumpti on in industry, inc 1ud i ng deve 1oprnen t
of new ca thodes for al umi num reduct i on and new reduct i on techni ques I

have been suppor ted. The r a ti onale for these pro j ec ts is to .shate the
risk inherent in the development of new technologies with"the p.rivate
sector. "

The Pacific Gas and Electric Co., one of the largest investor­
owned utilities in the U080, conducts a wide range of conservation
progr ams (see box) @ PG& E is act i ve in the area of end ..... use technology
research, development, and demonstration (RD&D) 0 Although their
conservation RD&D budget averages only about $l~O million per year,
PG&E is supporting a variety of technical projects including:

• Development of highly-efficient domestic refrigerators;
• Testing of advanced kitchen appliances;
• Research on efficient appliance operation;
• Development and evaluation of multi-stage evaporative

cooling equipment;
• Research and testing of lighting controls, luminaires,

and other lighting devices0

I n Bra z ii, uti 1 i tie s are spa ns a r i n9 the devel 0 pmen t 0 f e f f i c i e n t
end-use equipment such as electronic lighting ballasts and heat pump
water heaters (Yoshizawa, 1985) $ Government support for R&D on more
efficient pumps, motors, and other end-use equipment has also been
called for in India (NPC, 1983a) ~ While equipment R&D is not an
implementation activity per se, it complements efforts to promote
more efficient electricity use0

2~ Demonstration and Performance Testing

Active promotion of more efficient equipment should include
demonstrations, the evaluation of equipment performance, and the
measurement of actual energy savingse Equipment testing can occur at
various levelse First, standardized efficiency tests of all
commercially available products (e~g@, air conditioners) can be
carried out on a regular basis @l This is necessary in order to provide
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Pacific Gas and Electric Co.: An Example of a
Utility with Comprehensive Conservation Programs

Pacific Gas and Electric Co. (PG&E) is an integrated gas and
electric utility based in San Francisco, CaliforniaG PG&E serves
more than 3.5 million residential customers and 550,000
nonres iden ti al eus tomer s.. The uti 1 i ty serves a peak demand of abou t
13 GW and sells about 6S TWh per yearo PG&E began aggressively
encouraging conservation in the mid-1970se By 1985, PG&E's budget
for conserva ti on and load managemen t progr arns was $19 a mi 11 i on, abou t
3% of its sales revenues.

The primary components of PG&E r s conservation efforts have been:

• audits and technical assistance for all customer classes
• zero interest loans for home weatherization and direct

weatherization in low-income households
@ rebate incentives for the purchase of conservation

measures by all customer classes

In addition, PG&E conducts technology R&D, customer surveys,
promotion, training, and program evaluation~ Many of PG&E's
conserva t i on act i vi t ies have been manda ted by f eder al or s ta te energy
authorities@

PG&E evaluates the cost-effectiveness of all its programs9
Electricity conservation programs offered in 1983 had benefit-90st
ratios ranging from 0$88-4~32. Audits and financial incentives for
commercial and industrial customers are considered the most
economical~ It is estimated that the $80 million spent on end-use
electricity conservation and load management in 1983 alone resulted
in a reduction in peak summer demand of at least 240 MW~ This implies
a cost of under $ O/kW for peak demand savings l much less than the
cost for new generating capacitY$

Sources: "Report on 1983 Energy Management and Conservation
Activities", March, 1984 and "1985 Plans - Energy Management and
Conservation Activities" f Dec~, 1984, Pacific Gas and Electric Co. I

San Francisco, CA, USA$
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entrepreneurs and consumers with reliable performance information
and to implernen t i ncen ti ve or standard s programs (see secti ons
below) fa

In the U.S., the federal government requires efficiency tests
and ratings for refrigerators, water heaters, air conditioners, and
other domestic appliances (Anon, 1981). The tests are conducted by
the manufacturers themselves. Manufacturers' associations oversee
the program and sponsor spot checks of the ratings0

In Brazil, a program for testing and labeling the efficiency of
all domestic refrigerators was begun in 1985 (CEPEL, 1985) ~ The
testing is carried out at the national laboratory for the power
sector. It is expected that this program will be expanded to include
performance testing for air conditioners and lighting products in the
future. Also, a national appliance testing laboratory was under
construction in the Philippines in 1985 (BEU, 1986).

When new technologies for conserving electricity become
available I field tests are needed to assess performance under actual
operating conditions. Field testing provides utilities with hands­
on experience~ Also, those interested in selling or installing a
product can obtain independent verification of energy savings and
practicability@ Utilities in industrialized countries routinely
test innovative conservation products in the field (Blevins, 1984).
This type of activity is beginning to occur in LDCs such as Brazil,
India, and Korea@

Regulations may be particularly desirable in situations where
the unregulated market is not likely to bring about energy
conserva ti on act ions and i nves tmen ts tha tare in the na tiona 1
interest~ For example, if it is not possible to remove all energy
price subsidies, regulations may be an effective way to increase
efficiency to levels that are justified based on real energy costs.
Natural f efficiency regulations work best in situations where
officials have the au ity and abili to enforce thern9

Efficiency regulations also can be used to avoid the
uncertainties inherent in a less-regulated marketplace. For
example, if a decision is taken to avoid building a new power plant
based on expected end-use efficiency improvements, then it might be
desirable to ensure that these improvements are made in response to
ef fie i ency regu 1at ions rather than hop i ng they wi 11 occu r in response
to price signals and/or financial incentives.

1@ ~eneral Energy Conservation Legislation

Energy policymakers in the U4tS@ and other industrialized nations
have undertaken a broad range of legislative initiatives to promote
energy conservation$ Some of these laws and regulations encourage
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efficiency in electricity use, others pertain to fuel use.

Tabl e IV- 2 shows the rna j or federa 1 laws re 1 a ted to energy
conservation in the 0.5. The programs called for in these federal
laws may be carried out by state governments, utilities, or others.
Electricity conservation is fostered through appliance labeling and
standards, new building standards, auditing and retrofit programs,
and financing programs.

In Japan, a comprehensive law to rationalize the use of energy
was adopted in 1979. This law calls for government support for 1) R&D
activities; 2) audit programs, financial incentives, and tax
incentives for industrYi 3) loans for energy conservation investments
in buildings; and 4) agreements with electrical equipment
manufacturers to increase the efficiency of their products (Energy
Conservation Center, 1984). These efforts along with rising prices
resulted in energy consumption per unit of GOP falling 18% during
1979-84 (IEA, 1985b).

In South Korea, an industrial "Heat Management Lawn was first
promulgated in 1974 and was replaced by a "Law Governing
Rationalization in the Use of Energy" in 1980 (Kim, 1983a) e The
latter covers electricity and fuel use in all sectors III It includes:

• establishing subsidized loan programs for conservation
investments,

• tax incentives,
• audit and training programs,
• mandatory building codes,
• restrictions on the use of air conditioners, elevators

and outdoor lighting,
• appliance efficiency labeling schemes $

As noted in Chapter III,
policies and programs in
results (Kim, 1983a) $

the comprehens i ve energy conser va t ion
Sou th Korea have pr oduced s i gni f i can t

Public organizations and state-owned enterprises represent a
sizable portion of the economy in many developing countries4J
Officials could adopt legislation specifying use of minimum life
cycle cost as the basis for selecting electricity-consuming equipment
by the publ i c sector III Such a pol icy would need to be accompani ed by
information, oversight, and the necessary financial resourcese If
these elements can be brought together, the public sector would
benefit financially and demonstrate a strong commitment to energy
conservation@ Also, a willingness on the part of public
organizations to make cost-effective efficiency investments provides
a rful incentive for entrepreneurs to produce and sell energy­
e icient equipmentG



-50-

Table IV-2 - Major Federal Legislation Related to Energy
Conservation in the u.s.

PL 94-163 ENERGY POLICY AND CONSERVATION ACT - 1975
Established appliance labeling and standards programs and the
state energy conservation program (requiring conservation
planning and implementation at the state level) e Also authorized
the development of energy conservation programs and standards for
federal buildings.

PL 94-385 ENERGY CONSERVATION AND PRODUCTION ACT - 1976
Established the energy conservation standards for new buildings
(BEPS) program and the weatherization assistance for low-income
persons program. Also amended the appliance standards and state
energy conservation programs and authorized the provision of
demonstration grants and loan guarantees to stimulate
conservation measures in existing buildings.

PL 95-39 NATIONAL ENERGY EXTENSION SERVICE ACT'- 1977
Authorized states to establish energy extension services for
technical assistance, educational activities, and demonstration
prograrns~

PL 95-618 NATIONAL ENERGY TAX ACT - 1978
Established the federal business and residential energy
conservation tax credits~

PL 95-619 NATIONAL ENERGY CONSERVATION AND POLICY ACT - 1978
Created the Residential Conservation Service (ReS) audit program
and the grant program for schools, hospitals, and local­
governmen~ buildings~ Required the national mortgage associ­
ations to ·purchase loans for conservation improvements and
authorized grants and standards for improving the energy
efficiency of public housingo

PL 96-294 ENERGY SECURITY ACT - 1980
Initiated Commercial and Apartment Conservation Service
(CACS) audit program, the Solar Energy and Energy Conservation
Bank, and amended the Res prograrn$

Source: Hirst et al~, 19860
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2. Utility Regulation

Public officials responsible for overseeing and approvir;g
utility activities can encourage or require utilities to engage 1n
conservation programs. In the U.S., some state utility commissions
require that utilities operate financing or incentive programs.
Other commi ss ions requ ire tha t uti 1 i ties eval ua te end-use eff i c iency
alternatives and submit a least-cost resource plan including both
conservation and power supply initiatives (Markowitz and Kriesberg,
1985) '" Utilities in the u.s. typically spend 1-3% of their sales
revenue on conservation and load management activitiese

Another approach is for regulatory authorities to reward or
penalize utilities (through the allowed rate of return) for their
conservation efforts. This gives utilities the flexibility to
develop and implement programs as they see fit. The reward/penalty
approach has been successfully used to stimulate aggressive pursuit
of conservation and cogeneration on the part of utilities in
California (Hirst et al., 1986).

Several regulatory and planning authorities in the UoS. have
given clear directives and mandates to utilities to develop wide­
ranging electricity conservation programs. For example, the State
of Florida passed an Energy Efficiency and Conservation Act in 1980
(Hirst et al$' 1986). This state law requires utilities to evaluate
and implement alternatives to building new power plants, specifies a
goal of a 25% reduction in oil use for power generation by 1990, and
d i rec ts the s ta te regul a tory cornmi ss i on to adopt energy conserva t ion
goals for electricity and natural gas~ Florida Power and Light, the
largest utility in the state, has implemented more than 30 end-use
conservation and load management programs for reducing electricity
demand by about 20%.

3~ Equipment Standards

Based on the social benefits derived from the use of more
efficient equipment and the barriers that inhibit their use in the
unregulated marketplace, governments may be interested in imposing
efficiency standards~ Standards generally specify the minimum
efficiency (or the maximum energy Llse) that must be met by all products
sold in a jurisdictione Standards prohibiting the sale of certain
types of inefficient products also are possible. Efficiency
standards should be proven cost-effective in a country before they are
adopted$

Equipment standards can be relatively easy to enforce if
standardized efficiency ratings are available for all models.
Inspectors can check to see that dealers and contractors are not
carrying prohibited rnodels0 Manufacturers can be fined if they are
caught selling banned products. Also, utilities can refuse to
connect up premises that do not meet certain levels of energy
efficiency@
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In the U.S., individual states such as California and New York
have adopted residential appliance efficiency standards (Randolph,
1984). A few states have adopted efficiency standards for commercial
building equipment such as lighting ballasts and air conditioning
equipment. Nearly all states have adopted building codes that
include equipment efficiency requirements for new residential and
commercial buildings. In general, state energy policymakers in the
u.s. consider efficiency regulations one of their most effective
activities (Sawyer, 1985).

California adopted minimum efficiency standards for
refrigerators, freezers, water heaters, air conditioners and other
products starting in the mid-1970 J s (CEC, 1983a) e The program
operates with minimal inconvenience to dealers and consumers and a
high level of compliance. The state energy commission considers the
appliance standards the most effective electricity conservation
program in that state, expecting a reduction in peak load of 1750 MW
and an annual savings for consumers of $600 million by 1987 (CEC
1983a) e Because the original standards had become' outdated,
California upgraded its efficiency standards on refrigerators,
freezers, and air conditioners in 1984 (Wilson r 1985) ~

In Japan, appliance manufacturers are required by law to improve
the efficiency of their products, and dramatic improvements have been
made since 1973 (Energy Conservation Center, 1984) $ However,
spec if i c rni nirnurn ef fie iency s tandards have only been issued for room
air conditioners.

In developing countries, minimum efficiency standards could be
applied to imported appliances as well as domestically produced
equ ipmen t ~ Of caUl: sa f implemen t i ng appl i ance standardsis dependen t
on uniform efficiency testing, either within a LDC or in the country of
origin~ p~fortunatelYI different test procedures are used in the
U~Se, Europe and Japan. Therefore, a country importing from a number
of sources or importing as well as producing equipment domestically
will have to rely on one of the testing procedures used by
industrialized countries or institute its own testing program.

In South Korea, the government has imposed a number of
restrictions on the use of electrical equipment in residential and
commercial buildings (Kim r 1983a). In particular, air conditioner
use is banned except for a 40 day period in the summer, use of outdoor
lighting is restricted, elevator operation is not allowed within the
first three floors of a building, and domestic consumers are penalized
if consumption exceeds a specified level~ Operating restrictions of
this sort involve a degree of sacrifice and require a high level of
enforcemen t capabi 1 i ty & I n con tr as t, the conserva t i on measures
covered in Chapter II of this report focus on technological
improvements rather than austerity.
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4@ Building Codes

Regulations pertaining to the energy efficiency of new
residential and commercial buildings have been implemented
throughout the world. In the U.S., the federal Department of Housing
and Urban Development (HUD) issued minimum standards that includes
energy efficiency provisions for federally-financed housingo These
requirements result in homes with up to 35% lower heating loads than
those meeting basic building industry guidelines (Hirst et ale I

1986) & European nations such as Denmark and Sweden also have adopted
stringent building efficiency regulations.

Many states in the u.s. have adopted efficiency standards for new
building construction based on model standards developed by the
American Society of Heating, Refrigerating, and Air Conditioning
Engineers (ASHRAE). There is considerable variation in the strength
of the s ta te bu i ldi ng codes I ex ten t of coverage 1 and deg ree of
enforcement (Collins et al., 1985) @ Although it is unclear what
effect the standards are having on improving building thermal
performance, they do put a "floor" on minimum efficiency.·

There is growi ng in tere s tin bu i 1d i ng codes with energy
efficiency provisions in LDes, especially in wealthier Loes where end
uses such as air conditioning in commercial buildings are expanding
rap id ly (ASEAN, 1984) & S i ngapo re and Sou th Korea are two deve lop i ng
nations that have adopted building efficiency standards.

Singapore, a highly urbani zed na t i on en tire ly dependen t on
irnpo r ted 0 i 1 to meet i ts cornrnerc i a 1 energy needs, uses a bou t 32% of i ts
electricity in commercial buildings (Ching, 1984) ~ Singapore
adopted efficiency regulations for new commercial buildings in 1979
in order to reduce e lectr i city consumpt i on. As shown in Tabl e IV- 3,
the standards regulate the overall thermal transfer value for air
conditioneq buildings, ventilation rates, indoor temperatures, and
lighting power levels (Ching, 1984) 0 Existing buildings are also
required to meet efficiency standards or they are penalized on their
electrici bill@

Building standards have n implemented in Singapore along with
financial incentives, R&D, and educational activities. It is
estimated that the standards have reduced electricity use in
buildings by 6-10% (Chou and Ho, 1985) e One of the main reasons the
standards have not had a greater impact is that they do not affect
solar gains, the largest cooling load in many commercial buildingse
The development and analysis of potentially more effective standards
and ways for meeting them is underway (Turiel et al., 1984) e

Building efficiency standards are mandatory for new homes and
commercial buildings in South Korea@ They cover insulation levels in
walls and ceilings and the thermal integrity of windows. For
existing residences and commercial buildings, voluntary guidelines
have been enactede
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Table IV-3 ..... Commercial Building Standards in Singapore

1. Overall thermal transfer value for air-conditioned
buildings - 45W/m2 of surface area

2. Maximum roof U-value (W/rn 2oK)

air-conditioned buildings - 0.5-1.2
non air-conditioned buildings - 0@8-1@5

3. Majimum ventilation rate for ~ir-conditioned buildings
(m of fresh air supply per m of floor area)

offices
retail
schools
restaurants

- 1.6
- 3.0
- 7.8
-. 13.0

4. Minimum indoor temperature - 23°C dry-bulb

5~ Maximum lighting power level (W/m 2 of floor area)

offices - 20
retail - 30
schools - 20
restaurants - 25

Source: Chi 1 1984.
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A major issue related to the design of building codes is the
relative merits of performance-based and prescriptive standardso
Performance-based standards like those adopted in Singapore give
designers and builders maximum flexibility but are more difficult to
enforce than standards that prescribe certain levels of thermal
integrity in different building components. Some states in the U.So
are experimenting with building codes that permit compliance with
either performance-based or prescriptive options.

In general, the energy-saving effects of building codes are
likely to depend on the training of architects, builders and
enforcement officials as well as the enforcement procedures, length
of time the code has been in effect, and its complexity (Hirst et alo,
1986) &

D. Information and Education Programs

Utilities, government agencies, and the private sector can
promote the purchase and use of more efficient equipment through
consumer information and education. There are various ways this can
occur, including brochures, audits, labels on equipment, technical
assistance, training, and mass media campaigns.

10 General Info ion

Providing general energy conservation information through
brochures and advertisements can raise public awareness, but may not
have much impact on actual consumer behavior~ Research in the U9S~

has shown that information and educational programs tend to be most
ef feet i ve when they prov i de consumer s wi th simple and spec if i c steps
to take along with es tirna tes of how much energy and money wi 11 be sa ved
(Stern and Aronson, 1984) @ General appeals to the public to save
energy are usually less effectiveo

Another general finding is that information and educational
activities work best when they are part of a comprehensive effort
including technical assistance, correct pricing signals, financing,
and pes s i bly e ff i c i ency regul at ions,» Japan has had g rea t success in
increasing energy efficiency with the government providing
information, correct pricing signals, and financial incentives0
Among LDCs f Sou th Korea appear s to ha ve gone the fur thes tin
developing educational programs that are one part of a broad,
concerted, and successful conservation efforte

Once standardized appliance efficiency testing occurs, it is
ssible to indicate the electricity consumption and/or estimated

operating cost on models displayed in stores~ Figure IV-l shows an
"Energy Guide" label required for various types of appliances in the
U~S~ It includes the estimated operating cost of the specific model



-56-

Figure IV-l

Example of an energy cost label
required on appliances in the U~Se

(Name of Corporation)
Refriperator.Freezer MOOel(s) AH503. AH504. AH507
CapacIty: 17 Cubic Feet Type ot Defrost: Full Automatic

EnERG····~UIDE
Estimates on rMe seale are :)3sea
on a national average electrIC
rate ot 4 97c: oer 1(1I0watt /"lour

Onlv models wIth 16.5 to 18.4
cubIc feet are compared

in the scale.

Model with
lowes!
energy cost
$45
T

$&0
THIS'" MODEL

Model with
highest

energy cost
$88
T

Your cost will vary depending on your local energy rate and how
you use the product. .... \ ....e·t:' : ;Sl S :las!:':: :'" ~ S CjOwl!"''''''t'I'II "'I't:,'o 'u's

How much will this model cost you to run yearly?

Yearly cost

Cost per
kilowatt
hour

2c 524

4e 548

6<: sn-1--------- -------.-- ._.
8e: S96--_._-

10c 5120

12c: 5144

ASK your salesperson or lOCal uUllry for me energy rate (cost per kilO·
watt hour) In your area

Important =iemovat ~t :n,s laoe' ::letore consumer ::;)urcnase IS a ¥Ioratlon of
feoerai law i.12 uSC '3302!

Source: Geller, 1983e
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as well as the best and worst models in the same product category. For
air condi tioners, the energy efficiency is provided. The labels are
prepared by manufacturers who conduct the tests on their own products,
with supervision and spot checks by industry associations.

A similar program consisting of energy labels for domestic
refrigerators began in Brazil in 1986. The program was established
by the national electric utility, various government agencies, and
the assoc i a t i on represen t i ng e lectr i cal appl i ance manufacturer s
(CEPEL, 1985). The proposed label reports electricity consumption
per month for the particular model and the consumption range for
similar models based on the standardized tests carried out at a
national laboratory. All refrigerator models produced and sold in
Brazil will be included. Labeling for other products such as room air
conditioners is anticipated in the future.

Some Asian countries are moving forward with programs to rate and
label the energy efficiency of major electrical products. A program
for labeling the energy efficiency of air conditioners was
established in the Philippines (ASEAN, 1984), and energy efficiency
labe 1 i ng is requ i red on var i ous e lectr i ca 1 appl i ances in Sou th Korea
(Kim, 1983a). Also, a national committee has called for efficiency
tests and labeling of motors and pumps used for irrigation in India
( NPC I 19 8 3a) e

For smaller developing countries that import appliances, it may
be possible to use the efficiency ratings or labels from the country of
origio($ However, if appliances are acquired from different parts of

world, the use of different testing procedures is a problern~

Providing a simple "seal of approval" is another way in which
utilities or government authorities can help consumers identify
efficient products~ Once again, this requires standardized testing
in order to differentiate between models and a means for preventing
cheatinge In addition, booklets listing highly efficient appliances
or other products can be distributed to consumers (ACEEE, 1986) ($

Energy audits for residences, commercial buildings, and
industrial facilities can be very useful for providing owners with
i oforma t i on on wha t measures they can take to conserve e lec tr i city and
other forms of energy, along with the anticipated cost, savings, and
payback@ This type of educational effort works best when accompanied
by financing or incentive programs in order to increase the likelihood
that owners will follow-up on the audit recornrnendations0

In the U08., energy audits are commonly provided to different
of building owners. Federal law requires utilities to provide

audits to their residential customers upon request~ A similar
program for owners of apartment and small commercial buildings has
been started in some states and some utilities provide free or low-
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cost audits to owners of larger commercial buildings.

Commercial building audits can be cost-effective and lead to
significant electricity savings. For example, analysis of
electricity consumption data from over 5000 commercial buildings that
participated in utility audit programs in California showed an
average electricity savings of 9-16% approximately 18 months after
the audit with a typical payback period for the measures implemented
of under two years (Kowalczyk, 1985) 0 Lighting efficiency
improvements account for the majority of this savings.

Audits for industrial facilities are an important step towards
increasing equipment and process efficiencies. Industrial audits
can be genera 1 in na ture with 1 im i ted measuremen ts in actual
facilities or in-depth requiring detailed analysis of efficiencies
and energy flows in a plant. In-depth audits often follow brief
audits when the latter indicate substantial savings potential~

Worldwide experience shows that thorough training of energy auditors
and offering financing for the recommended measures are critical to
the success of industrial auditing programs (Gamba et al~f 1986) 0

Energy audit programs have been established in some developing
countries@ In the Philippines/ the Energy Management and
Consultancy Service of the national Bureau of Energy Utilization
provides free energy audits to large industrial and commercial
facilities (Ocampo, 1984) 0 These audits include efficiency
measurements on major energy-consuming processes~ Between 1979 and
1985, about 300 large facilities have received assistance/ with some
fund i ng f or the a ud i ts and au ts ide consul tan ts prov i ded by the As ian
Development Bank '!l Energy consumption reports from these large users
show typical energy savings of 5-10%, although detailed analysis of
the measures implemented following audits is not available (Ocampo,
1984) ~ One Philippine official farnilar with the program called for
the addition of financial incentives to better motivate investments
in energy efficiency by the private sector (Arellano, 1985) 0

In South Korea, audits are provided to larger businesses and
industries by a government-created energy management organization
( , 1983a) @ The audits are mandatory for certain facilities* The
orientation was originally on fuel conservation, but electricity
conserving measures were added to the audit in recent years. In
Singapore, the Energy Conservation Division of the Public Utilities
Board provides energy audits to private firms (Chou and Ho, 1985).

A government-sponsored industrial audits program serving larger
and med i urn -- s i z e i ndu s t r i e s was begun i n Bra z i 1 duri n9 the 1ate 19 7as
(La j 0 loand Fur na r i 1 19 8 5) ~ Wh i 1e subs tan t i a 1 f ue 1 sub s tituti 0 n has
occured in some industries (e.g@, replacement of fuel oil with biomass
fuels in the paper and pulp industry) 1 the program has not succeeded in
stimulating the purchase of more efficient equipment@ This result is
attributed to inconsistent and counterproductive energy pricing
policies, the serious economic recession that occurred during the
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early 19805, and the failure of a subsidized financing program to
materialize as a practical, effective complement (Lajolo and Furnari,
1985) •

Energy pol i cymaker s and those respons i ble for f ina nc i ng in
developing countries can encourage efficiency by making an energy
audit a precondition for businesses and industries to receive a loan
from state-owned development banks. Care should be taken to ensure
that such a requirement is taken seriously and is effective. For
ex~mple, development banks could offer and promote financing for
recommended conserva t i on measures \II Al so, publ i c agenc i es Call ld
support the training and certification of energy auditors~

4. Training

Training for energy conservation managers in private business
and industry is another potentially useful activity for governments
and utilities (Gamba et al., 1986). Training is also needed for
professional energy auditors, inspectors enforcing efficiency
regulations, and for those providing technical assistance.

In South Korea, the national energy management association has
conducted tr a in i ng sess ions on a large sea Ie, wi th a to tal at tenda nce
of 89,000 reported for the period 1974-80 (Kim, 1983a) 9 A training
program reaching large numbers of professional energy managers is
operating in the Philippines as well (Ocampo, 1984; BEU, 1986) 0

Ba sic cour ses are off ered th rough a cen ter es tabl i shed by the na tiona 1
Bureau of Energy Utilization. More specialized seminars are
conducted by the Energy Management Association, an organization of
professional ~nergy managers.

Esta bl ish i og a na ti ana 1 energy conserva t ion cen ter ca n be useful
for supporting information dissemination, training, technical
assistance, and other implementation effortso In Japan, the
na t i ana 1 energy conserva t i on ce nter plays a key ro Ie in da ta
collection and analysis, audits, technical assistance, and
educational efforts. The energy conservation center in Japan has an
annual budget of about $50 million (Energy Conservation Center,
1984) •

A number of LDCs including the Philippines, South Korea,
Singapore and Thailand have established national centers that are a
key part of their overall conservation efforts. Figure IV-2 shows
the structure of a national energy conservation center that is given a
broad mandate0 In areas such as as Africa where it is not feasible to
establish comprehensive energy conservation centers in each nation,
it may be possible to set up regional centerse
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Figure IV-2

Example of the Organizational Structure of a National
Energy Conservation Center
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E. Incentive Programs

Governments and utilities have offered a wide variety of
incentive programs to stimulate more efficient electricity use and
energy conservation in general. Financial incentives are often
necessary in situations where energy prices do not reflect marginal
cos ts (and in some cases are below aver age cos ts). Al so, i ncen t i ves
can be effective in overcoming the institutional barriers discussed
in Chapter I I I 0 I ncen t i ves should be structured ina way tha t makes
them cost-effective for the government or utility offering them
(i .e., such that the value of the resulting energy savings is greater
than the cost of the incentives) •

.A concern with many types of financial incentive programs is that
the subsidy is provided to all qualifying applicants ~ However I some
of these parties may take the energy conservation action even if the
subsidy is not provided. Thus offering a financial incentive may not
induce much incremental conservation, and the program can be costly in
terms of the cost per unit of incremental energy savings. This
problem can be overcome through careful program design and evaluation
(Hirst et al ~ I 1986).

Various types of incentive programs and experiences throughout
the world are described below0

l~ Tax Credits and Taxation Policy

The Japanese government adopted a taxation policy to stimulate
investment in efficient equipment by owners of commercial and
industrial facilities0 The purchaser is allowed either an immediate
tax deduction equal to 7% of the equipment cost or accelerated
depreciation (Energy Conservation Center, 1984) @ In addition, the
proper ty tax on qual i fy i ng equ iprnen tis lowered 0 These tax bene fits
are considered to be important incentives stimulating investment in
energy effie i ency in Japan (Tsuchiya I' 1985) @ The tax i nee n t i ves were
due to expire in 1986; however, industries were urging the government
to continue and expand them$

In the U05$1 the federal government provided a special 10% tax
credit for businesses that invested in certain energy-efficient
technologies from 1978 through 1982. A detailed study showed that
the tax credits were not effective in stimulating major capital
investments in energy conservation among industrial firms (ASE,
1983a) @ This was due to the small size of the credit, restrictions

thin the program, and lack of inter~st on the part of industries.

U056 government also instituted a residential energy
conservation tax credit that was in effect during 1978-1985~ Those
\vho upgraded the energy efficiency of their dwellings were allowed to
deduct 15% of the cost of the conservation measures from their federal
income tax, with the credit not to exceed $300. Most of the
improvements eligible for the credit pertain to the building shell or
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heating system. A few states also offered credits against state
taxes III

The federal tax credi t was claimed by about 30% of all households
between 1978 and 1982, and it was by far the most costly federal energy
conserva t i on progr am in the U 0 S. Al though sever al stud i es ha ve been
car r i ed ou t to de termi ne the ex ten t to whi ch tax i ncen t i ves s t imu la te
conservation, the results are inconclusive (GAO, 1982; Hirst et al.,
1983) e Some ev idence sugges ts tha t the amoun t of the cred i t was too
small to significantly affect behavior and that investment decisions
are based more on expected savings and rising energy prices than on
initial capital cost.

In developing countries, governments could provide economic
incentives for the purchase of more efficient products by lowering
taxes on very efficient models. Likewise, sales taxes on less
efficient t higher-powered products could be increased to maintain or
increase government revenue. Such taxes can be best justified in
situations where inefficient products are commonly used and are
encouraged by energy price subsidies or other factors. Setting
import duties in a way that favors more efficient equipment is one way
developing countries can encourage electricity conservation.

A few developing countries have implemented preferential tax
policies for energy-efficient equipment. In the Philippines, energy
management systems, efficient motors, lighting products, air
conditioning systems, and other conservation technologies are exempt
from import duties~ Also, the government of Barbados has removed
sales tax on various energy conservation devices including efficient
lighting products (Thompson, 1985) e

Singapore initiated a financial incentives program for energy
efficient buildings and equipment in 1979 and expanded the program in
1982" (Ching, 1984; Chou and Ho, 1985). This program involves
accelerated depreciation for building retrofits (one year
deprec i a t i on) a nd for the purchase of energy ef fie i en t equ ipmen t such
as air conditioning stems, pumps, boilers, etc& for commercial and
industrial facilities (three year depreciation) '» Other specialized
devices such as heat recovery systems and power factor controllers
qualify as well* In addition, buildings that exceed a specified
energy in tens i ty are pena 1 i zed wi th a 20 % surcharge on thei r
electricity bills$

South Korea adopted a one year depreciation allowance for energy
sa vi ngs i nves tmen ts ~ Other f inane i a1 i ncen t i ves in traduced in Korea
inc 1ude a carpor a te or income tax deduct i on and reduced impor t tar iff s
on energy saving equipment (Kim, 1983a) 8

A large package of conservation policies and programs have been
adopted in South Korea and Singapore~ While desirable from the
viewpoint af encouraging conservation, this makes it extremely
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difficult to isolate the effects of the financial incentives or any
other prograrn~

2. Grants Programs

The u.s. government provides funds that allow schools,
hospitals, and local governments to assess energy savings potential
and to under take energy-rela ted cap i tal improvernen ts to the i r
facilities. These nonprofit institutions tend to be less responsive
to ~nergy-saving opportunities because of budgetary constraints and
because they cannot take advantage of tax credits.

Assessments of this program have shown that the audit phase
resulted in little energy savings (DOE, 1983). However, the energy
savings from the equipment-grant phase of this program amounted to 13%
of preprogram energy use for participating facilities. Assuming a
ten year equipment life, the average cost of saved energy for these
investments is estimated to be about $1. 40/GJ (DOE, 1983) I far below
the energy prices paid by these institutionSe Total.capital costs
are typically paid back in two to three years.

3@ Rate Incenti

Utility rates can be structured to give energy users clear
signals that conservation and efficiency improvements will be
rewarded by savings on the utility biIllt Rate designs that
accomplish this include:

., Di
or

rates - where prices are higher for greater
consumption;

rates - where lower rates are offered to buildings
es meeting certain conservation requirements;

~ Time-ai-use (TOU) rates - where rates are higher during the
u s peak hours or season, corresponding to higher
generating costs;

* Levying of demand charges - where charges are determined by
the highest instantaneous customer demand for power,
regardless of how long that demand lasts;

tible rates - where customers must reduce their use
~--_...-..-_--

requested by the utility.

Some of these rate designs address energy efficiency, some
address only the t irni ng of energy use f and others address both
consumpt i on and t imi ng ~ TOU rates and the 0 ther rate des i gns 1 i s ted
above are now commonly used by utilitiese For example, a survey of
over 120 utilities in the u.s~ showed that 69% of them have implemented
TOU rates to some extent (Gellings, 1985) ~
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In Japan, inverted rate tariffs apply to both residential and
industrial customers (lEA, 1985a). In some LDCs including Brazil,
Indonesia, Pakistan, and Uruguay, inverted rates have been
implemented for low-voltage residential and commercial consumers
(Munasinghe and Warford, 1982) 9 In Brazil, the residential tariff
rises when demand exceeds 30 kWh/month, 200 kWh/month, and 500
kWh/month. Although this type of tariff may not be consistent with
cost of service-based rates, it can be a powerful incentive for
conservation. Also, it can be socially beneficial for utilities to
provide a limited quantity of electricity at a reduced rate (also
known as lifeline rates).

Demand charges, off-peak rates, and TOU rates are commonly used
for many large commercial and industrial customers because such
customers contribute heavily to peak demand and more sophisticated
metering equipment is feasible for such customers. The survey of 120
utilities in the U,,5. indicated that 70% offer demand charge programs
to their commercial and industrial customers, while about 50% offer
time-of-use rates and 40% offer off-peak rates (Norland, 1985) 0 In
Sou th Korea I TOO pr i c i ng was implemented for 1arger indus tr i al
customers starting in 1977 $ Consequently, the average load factor in
Korea increased from 69% in 1976 to 78% by 1980 (Kim, 1983a).

More recently, TOU rates have been tested for residential and
sma ller commerc i a 1 energy user sin the U0 S @ A rev i ew of twe 1ve such
experiments found that TOU rates can reduce peak-period electricity
consumption by up to 30% (Faruqui and MaIko, 1983) @ As expected,
larger reductions occurred when the ratio of peak to off-peak rates
increased and when the length of the peak period was reduced.

Whether or not TOU pricing is feasible in other countries will
depend on the a ver age amoun t of electr i city use in the rate class under
consideration, metering costs, the type of equipment being used, and
ability 9f customers to conveniently shift some consumption to off­
peak periods. The potential benefits and desirability of TOU pricing
need to be eva 1ua ted on a case-by-case bas i s (Munas i nghe and War ford,
1982; RDC 1 198 3) @

Many utilities in the u~s~ provide cash II rebate" payments to
their customers who purchase energy-efficient equipment (Dickey et
al@, 1984) @ Such programs can be feasible for utilities when
marginal costs are relatively high but do not serve as the basis for
tariffs~ Utilities justify paying rebates on the basis of load
reduction, avoided fuel and operating costs, and the avoided
investment in generating capacity~

Air conditioners and heat pumps are the most commonly included
oducts in residential rebate programs in the U.S@ Rebates for

efficient models can reach several hundred dollars@ A few utilities
provide rebates for more efficient refrigerators, freezers and water
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hea ter s, in whi ch case reba tes are typi ca lly $ 20-1 00 0 I n some cases f

fixed rebates are given for anymodel that qualifies9 In other cases,
the payment depends on the efficiency of the producto

Florida Power and Light (FP&L) is one utility in the UeS. with a
variety of residential rebate programs 8) For example, FP&L typically
pays $440 to its residential customers who purchase efficient central
cooling and heating systems (Elliot, 1985). The rebate varies
according to the efficiency and size of the system~ In the first
three year s of th i s program (1982-84), FP& r.. est ima tes i t has reduced

""!"'summe'r 'peak: demand by 63 MW at a cost of about $400/kW. Based on its
avoided capital and operating costs, the utility estimates that this
program has a benefit-cost ratio of nearly six (Elliot, 1985) &

Some utilities in the IJ.Se have initiated commercial and
industrial sector rebate programs. Pacific Gas and Electric Co., for
example, spent $32 million in 1983 on rebates to its commercial and
industrial customers (Calhoun, 1984) 0 Products eligible for a
rebate include energy management systems, efficient lighting
products, air conditioners, motors and refrigeration equipmentit It
is estimated that this program saved 100 MW of demand in 1983 alone at a
cost to the utility of only $0$005 per kWh saved over the life-cycle of
the measures installed (Calhoun, 1984) & However, PG&E's analysis
does no t accoun t for e ff i c iency improvernen ts tha t wou ld ha ve occur red
in the absence of their financial incentives~

A few utilities in the U1PS~ have adopted innovative commercial
and industrial sector incentive prograrns{b The Bonneville Power
Administration has developed a program to buy "conservation savings"
from building owners or third party investors who make efficiency
improvements in a building or industry that they don't own (Schick and
McMillan, 1986) e The utility does not specify what conservation
actions must be taken, but instead pays for savings as they occur.
The utility pays up to $0~04 per kWh saved, but no more than the
installed cost of the conservation measures (Schick and McMillan,
1986) ~

There are a few points to keep in mind when considering the
des i rab iIi ty of off er i ng reba te i ncen ti ves to s t imu 1ate conserva t ion
in LDCs@ First, the utility must ensure that it is only paying those
who purchase qua 1 i fy i ng, energy-eff i c i en t equ iprnen t lit Second lin the
case of products such as air conditioners, electric water heaters, or
electric irrigation pumps, the rebate amount should not be greater
than the extra first cost for a more efficient model" Otherwise, the
rebate could stimulate higher equipment saturation levels, thereby
defeating the purpose of the offer~ Rebates might be best suited for
efficient lighting products and commercial-industrial conservation
equ ipmen t (e. 9 0' rno tor speed con tro 1 s or energy managemen t sys terns) 0

In these cases, there would be little or no incentive for increasing
the saturation of electricity-consuming equipment.
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5. Competitions and Awards

Competitions and awards for outstanding energy conservation
achievements are another means for stimulating greater levels of
energy efficiency. In South Korea, a national energy conservation
convention is held annually. This event includes prizes for
outstanding energy managers and an exhibition featuring new energy
saving devices and techniques (Kim, 1983a).

In the Phi 1 ipp i nes I energy conserva t i on award s are given
annually to companies that achieve the largest reduction in energy
consumption per unit of output (for industries) and energy
consumption per unit of floor area (for commercial buildings) It These
awards are considered to be very prestigious (Ocampo, 1984) $

Another possibility is to hold design competitions for
architects and to provide awards to the designers and owners of
energy-efficient new buildings~ This has been done at the local
level in the 0.50 Also, awards of this type are given out annually in
Singapore.

F. Financing Programs

lQ Utility Financing Programs

Utilities can finance energy conservation investments on the
part of their customers since they have access to large amounts of
capital and they have a record of customer payments which can be used
in assess i ng cred i t war thi ness $ Loans can be prov i ded ate i ther the
market interest rate or with an interest subsidy& The objective is to
reduce the fir s t-cos t bar r i er to i nves t i ng in conserva t i on and
sometimes to offer a loan repayment plan whereby energy bill' savings
exceed' man thly 1 oan payments @ Uti 1 i ties either pi ace the loans into
the i r ra te base (meani ng they earn the i r normal re turn on th is
investment) or "expense" the loans (meaning they are quickly
reimbursed by all ratepayers)~

Utility financing is most feasible and cost-effective when there
is a large increase in first cost for a more efficient product and when
the loan is relatively large. Otherwise, a utility is primarily
financing general equipment purchase rather than greater efficiency.
Also, administrative costs can be high with relatively small loans@
Thus, utility financing may be most suitable for major efficiency
i nves tmen ts by carnrnerc i al and indus tr i al cus tamer S e For s timula t i ng
the purchase of more efficient appliances or lighting products, other
approaches should be usedo

The Tennessee Valley Authority (TVA) I a major utility in the
UoS@f had loaned out $360 million to its customers for efficiency
improvements as af 1983 with an estimated peak demand reduction of
over 600 MW (TVA, 1983) ~ Most of these loans were to residential
customers for home weatherization and heat pump installatione TVA
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prov ides i ts customer s wi th free energy aud i ts as we 11 as low in teres t
loans, and the utility aggressively promotes these programs. In the
future, TVA expects to finance efficiency investments by commercial
and industrial customers to a greater extent.

A smaller utility in Washington state (Puget Sound Power and
Light Co.) has an aggressive audit and financing/grant program for its
commercial and industrial customers (Lehenbauer, 1985) G Customers
are offered cash grants or zero-interest loans for eligible capital
investments. Only about 27% of the incentives provided through 1984
were through the loans (i.e., customers prefer the grants). The
utility estimates that through 1984, this program has reduced total
electricity demand by about 1% (132 million kWh/yr) at a cost to the
utility of only $O.012/kWh (Lehenbauer, 1985).

Regarding the potential for utility financing programs in LDCs,
the organization providing the loans must be able to evaluate the
credit worthiness of loan applicants and the technical and economic
merits of proposed conservation measures. The amount of interest
subsidy (if any) should depend on a number of factors including the
extent to which market conditions encourage investments in energy
ef fie i ency f consumer s' wi 11 i ngness to make such i nve s trnen ts I and the
impacts on the utility's costs@

2@ Government Financing Programs

Governmental authorities in both industrialized and developing
countries have established conservation financing programs~ The
Japan Development Bank and the Small Business Finance Corporation
provide financing for up to 40% of the capital cost of major energy
conservation expenditures on the part of businesses and industries
(Energy Conservation Center, 1984). Interest rates are slightly
below commercial rates. As of 1981, $175 million in loan funds were
made available@ However, the financing programs are considered to
ha ve less i nil uence on conserva t ion i nves trnen ts than the tax
incentives in Japan (see above), perhaps because of the more immediate
benefits provided by e tax incentives (Tsuchiya, 1985) @

I n the U ~ S @ f a Solar Energy and Energy Conserva t i on Bank (SEECB)
was established to provide financial assistance for cost-effective
so 1ar energy and C onserva t ion i nves tmen ts in low- and mader a te- i ncorne
housing and commercial buildings with nonprofit owners or tenantse
Feder al fu nds are d i str i bu ted to s ta tes I' who then pr ov ide loa n
subsidies and matching grants through financial institutions within

state~ This relatively new program was established specifically
to rea market segments that are averse to making conservation
investments0

The Canadian government is setting up state-based companies to
finance, develop, and implement energy conservation projects in

lie institutions such as schools and hospitals as well as private
facilities@ The companies leverage government funds with private
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cap i tal and are expected to make a prof ito As of 1986, cornpani es were
operating in four states and were being set up in four other states.
The fact that the companies take responsibility for all aspects of a
project makes the arrangement attractive to clients (Brett, 1986).

In 1980, the Brazilian government established a national program
for financing purchases of oil conservation and fuel substitution
equ ipmen t by indus tri es. Loans are prov ided a t a rea 1 i ntere s t rate
of 5% with a three year grace period. Unfortunately, this program has
had I imi ted impact due to severe economi c recess ion dur i ng the ear ly
1980s, inconsistent energy pricing policies, and poor program
organization (Behrens, 1985a).

In Tha i land, f inane i ng for energy conserva t i on pro j ects is
provided primarily by the private Industrial Finance Corporation~

Interest rates are relatively high and financing is only available for
50-60% of project costs &I Consequently, the loan program has not been
very well-received by industrial firms (Gaskin, 1985) @

The South Korean government established subsidized loan
programs for conservation investments in industrial facilities and
for conservation and solar heating systems for buildings (Kim,
1983a). Loans are now managed by an independent Energy Management
Corporation~ A pilot conservation financing program has also been
established in the Philippines with assistance from the U@S. Agency
for International Development (Fisher, 1985).

The experiences with government and utility financ·ing cited here
suggest that conservation financing in LDCs is more likely to be
successful if funds are made available at attractive terms for the
private sectoro Of course, financing involving interest subsidies
should be subject to rigorous cost-effectiveness tests~ Also,
parti c ipa ti on should be made as conven i en t as poss i bl e I' and i t may be
necessary to market loans to eligible businesses or individuals~

Finally, financing is best received if it is complemented by
i nforma t i on, techni cal ass i stance I energy pr ices tha t encou rage
conservation@

3@ fhird-Party Financin£ Programs

Third-party financing involves capital investments by someone
other than the industry or building ownere This relatively new
approach to conservation financing is gaining in popularity in some
industrialized countries9 For example, there were more than 100
energy service companies in the UeS@ willing to install and provide
financing for energy conservation measures in commercial buildings
and industrial facilities as of 1984 (Klepper, 1986) ~ In many cases,
these compani es are wi 11 i ng to lease equ ipmen t, oper a te equ ipmen t, or
enter into a "shared savings" plan with the owner of the facility~
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Governments and utilities in LDCs can encourage third-party
financing and energy service agreements in a number of ways (Fisher,
1985). First, a financing corporation can be established that has
access to public capital. Second, tax incentives and accelerated
deprec ia t i on can be ex tended to energy-eff i ci en t equ ipmen tins taIled
under a leasing or joint venture arrangement. Third, public
organizations can sponsor demonstrations, offer technical and
promotional assistance, and provide loan guarantees~

G@ Energy Services and Marketing Programs

1. Free Installations

After evaluating the costs of information, loan, and rebate
programs relative to the resulting energy savings, some utilities
find it more cost-effective to provide free conservation devices.
Several utilities in the u.s. offer free water-heater insulation to
residential customers with electric water heaters0 It is less
expensive to mail out or install these for free than to promote and
sell ~hern~ Utilities justify this activity on the basis of reduced
operating costs and savings in capital investments~

General Public Utilities (GPU) , a large utility in the Eastern
U080, has implemented an innovative energy services program for its
res i den t i a 1 cus tomer s @ GPU has con tr acted wi th pr i va te compan i e s to

Qvide conservation and load management measures in large numbers of
e ectrically heated households at no cost to the customer* The
uti 1 i ty pay s the can tractor s on the ba sis 0 f the energy sa vi ng save r
several years~ Thus, there is little risk to the utility or resident
if energy savings are less than expected@ It is estimated that the
utility is paying less than $O.03/kWh saved plus about $50/kW of peak
demand reduction (Reeves and Brown, 1986) $ However, this type of'
program does not provide the resident with an incentive to save
energy, and measuring savings is a problem (Brown and Reeves, 1985) *

Free distribution of conservation measures such as compact
fluorescent Ii t bulbs may be desirable in LDCs in order to overcome
the problems associated with education, incentive, or financing
programs0 This is' a very effective way to reach low-income
households who tend not to participate in these other programs. Of
cour se f the uti 1 i ty should deterrni ne tha t the progr am is cos t
effective before proceeding with free distribution on a large scale.

Utilities could market more efficient equipment, possibly
ging purchasers on an installment plan through the utility

billi system~ This type of activity is restricted in the U4'S.,due
to concerns over unfair competition between utilities and other
businesses (SBA, 1984) 0 However, a survey of 30 utilities in the U950
found that nine have formed subsidiaries to market and profit from
energy conservation products and services (Weedall, 1986) ~
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It may be easier for utilities in LDCs to get involved in the
marketing of energy-efficient equipment because many utilities are
powerful state-owned enterprises. Also, marketplace competition
may not be so dear ly val ued as in the '(J. S. I f cons idered appropr i ate,
utilities or governmental authorities in LDCs could sell more
efficient lighting products, pumpsets, appliances, controls, or
other products at a discount based on bulk purchase and low profit
margin. Also, utility subsidiaries could be established for
servicing HVAC equipment, pumpsets, etco
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v~ Program Design, Planning, and Institutional Development

Program design, planning and institutional development are
important for a number of reasons 41 Careful program design and
implemen ta ti on wi 11 increase the 1 ike 1 ihood tha t uti 1 i ties and
governments carry out successful conservation programs. End-use
analysis and demand planning will help utilities to forecast load
growth and future demand as accurately as possible. This is
essential if utilities are going to cut back on capacity expansion as a
result of conservation efforts. Institutional development is
necessary because understanding and influencing electricity demand
is a complex matter requiring expertise in many areas.

Append i x B 1 i s ts the steps tha t can be taken to clevelop
comprehensive pOlicies and programs for encouraging electricity
conservation at the national level. The recommendations are
presented in the form of terms of reference for use by utilities,
energy authorities, or the World Bank. A thorough procedure for
developing a broad industrial energy conservation strategy is given
in another World Bank publication (Gamba et ale, 1986).

A. Program Design and Implementation

As desc r i bed in Chapter IV, there is a wide range 0 f conserva t ion
programs that governments and utilities can implement~ The savings
and 0 ther impacts from these programs depend on many f ac tor s inc 1udi ng
the type of program, the prevailing economic and market conditions,
and how well the sponsor promotes the program (Hirst et al., 1986).
The uncertainties regarding program response make it essential that
the sponsor experiments with different program designs and thoroughly
evaluates program results.

Figure V-I shows a schematic breakdown of the different elements
ina sys tema ti c appr oach to conduc t i ng conserva ti on prog rams (Far uqu i
and Gellings, 1985) @ Specifying objectives can include impacts on a
utili's load profile, capacity requirements, or operating costs as
well as obtaining certain levels of customer response. Program
alternatives exhibit a number of dimensions, including the end-use
category, technologies covered, and implementation methods.
Program analysis is likely to involve various levels of screening,
while program implementation can involve pilot programs as well as

II-scale implementation. Program monitoring and evaluation
usually involve savings and cost-effectiveness studies, consumer
surveys, and market research@

re is some interest within LDCs in designing and implementing
electricity conservation programs in a systematic manner@ In
Brazil, a national program for electricity conservation was
established in 1985 with support from the federal government and the
World Bank (MME, 1985b) 0 Table V-I lists the major activities and
directives of this prograrn$ The initial tasks are to evaluate



FIGURE V-I

DEMAND...SIDE MANAGEMENT REQUIRES A
SYSTEMATIC DECISION-MAKING PROCESS

SPECIFY I I INVENTORY
OBJECTIVES --... ALTERNATIVES ,

EVALUATE & SELECT PROGRAMS

COST/BENEFIT
ANALYSIS

!
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CUSTOMER
CONSIDERATIONS

CUSTOMER
ACCEPTANCE

CUSTOMER
RESPONSE

,~

....
.....

UTILITY
CONSIDERATIONS

LOAD SHAPE
IMPACTS

OTI-IER IMPACTS

//

I
-...J
N
I

MONITOR
PROGRAMS' I~­

PERFORMANCE

IMPLEMENT I~ ·
PROGRAMS

Source: Faruqui and Gellings, 1985e



-73-

Table V-I - Broad Objectives of the National Electricity
Conservation Program in Brazil

I@ Technology development

A) Support development of more efficient refrigerators, lighting
products, and heat pumps

B) Support development of lighting and HVAC control systems
C) Demonstrate energy-efficient equipment

II. Market analysis

A) Study electricity use and savings potential in the
industrial and commercial sectors

B) Incorporate energy use-related questions in the national
household survey

C) Evaluate savings potential and applications for variable
speed motor drives

III~ Program and policy development

A) Develop equipment test procedures and labeling programs
B) Develop minimum efficiency standards for equipment and

buildings
C) Study and propose financing programs for investments in

more efficient equipment by consumers and manufacturers
D) Study and propose tax incentive, rebate or other incentive

programs
E) Develop manuals, consumer guides, and other educational

materials
F) Develop training programs and professional courses for

commercial and industrial energy managers

IV ~ Insti tuti

A) Assist utilities interested in conservation R&D,
demonstration, incentives and promotion

B) Support development of diagnostic techniques and audits
C) Investigate the possibility of standardizing voltage

levels among utilities
D) Develop methodologies for social cost-benefit analysis and

conduct studies where appropriate
E) Investigate and support technology transfer

Source: Geller et al@, 1986
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di fferent program options and develop an integra ted package of
incentives, regulations, educational efforts, and other programs for
promot i ng grea ter end-use eff ic iency f) The na tiona 1 e f for t al so
involves market studies and technological development. The broad
obj ect i ve is to ins t i tu ti ona1 i ze electr i city conserva t i on throughoLl t
Brazil.

A comprehensive strategy for stimulating both electricity and
fuel conservation has been developed by an inter-ministerial working
group in India (NPC, 1983a). Programs are recommended in virtually
all areas addressed in Chapter IV, with most attention devoted to
industrial end uses and irrigation pumpinge However, relatively
little action had been taken in India as of 19860

Ideally, government and utility officials would like to know
which types of conservation programs they should implement in order to
have the maximum impact on end-use efficiency in a cost-effective
manner. This report does not attempt to present a step-by-step
methodology for conservation program selection and imple~entation

due to the importance of country-specific factors such as equipment
status, the financial viability of conservation investments in the
marketplace, ,consumer awareness, and institutional capabilities&
However I some broad guidelines can be provided regarding which types
of programs are more appropriate given certain conditions~

In countries where electricity prices are at or close to marginal
cos ts , consumersal ready ha ve an i ncen t i ve to i nves tin more e f f i c i en t
equ iprnen t ~ Publ i c agenc ies should ensu re tha t energy-e ff i c i en t
products and financing are readily available, that consumers receive
information and training regarding conservation opportunities and
demand management, and that other government policies (e.g01 import
restrictions or duties) do not discourage investments in energy
efficiency~ Additional initiatives may be needed where particular
institutional barriers inhibit the marketplace from working& For
example, building codes can be helpful if those responsible for
designing and constructing buildings do not pay for the operating
costs@

In countries where electricity is heavily subsidized, it is
likely that financial incentives and/or efficiency regulations are
necessary & Such measures can stirnula te consumer s to make eff i c iency
in ves trnen ts as if they were pay i ng unsubs i d i zed energy pr i ces ~

Incentives should be accompanied by information, training and
financing since this approach relies upon action through the
marketplace~ Efficiency regulations can obviate the need for
marketplace mechanisms, but this approach necessitates measurement
and enforcement procedurese

No matter which programs are selected, a systematic decision­
making process like that illustrated in Figure V-I can maximize
program effectiveness~ Also, comprehensive planning and evaluation
are necessary to ensure that individual programs are complementary
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rather than piecemeal and that all major institutional barriers are
addressed.

B. Demand Planning and Forcasting

Incorporating data on disaggregated end-use demand into the
power forecasting process will help utilities avoid costly
investments in electricity supply if they are not needed. Without an
understanding of electricity end use and the dynamic nature of
electricity demand, utility and government officials are left with
supply system planning and expansion based on historical trends and
"business-as-usual lll scenarios. Collecting end-use data is one of
the essential first steps for utilities interested in pursuing demand
management and planning~

Some utilities in the u.s. are beginning to forecast demand on.
the basis of electricity end use and engage in integrated supply­
demand planning3 A survey completed in 1985 shows that utility
commissions in at least eight states require utilities to evalutate
both supply-side and demand-side options and develop least-cost
resource plans (Markowitz and Kriesberg, 1985) ~

End-use forecasting and integrated planning is probably most
advanced in the Pacific Northwest region of the U~Str< Here a law known
as the Northwest Power Act requires integrated planning with end-use
efficiency considered alongside resources for electricity

neration0 The Northwest Power Planning Council issues regional
power plans every two yearse The plans direct utilities· to engage in
various conservation activities in order to meet load growth targets
( NWP PC f 19 8 3) $

An integrated energy planning approach was developed in Sri
Lanka (Muna s i nghe f 1985) @ Al though th is me thodology does no t
expl i ci tly cons i der energy end uses, the impacts from d i f feren t load
growth scenarios were assessed@ The analysis showed that lowering
electricity load growth in different sectors by 1%-2%/yr could
provide substantial benefits in the next decade by deferring capacity
expansion and reducing debt service requirements. The government
has adopted these targets, and is encouraging implementation by
setting tariffs close to marginal costs, providing information and
promotion, and offering financing@ Preliminary results show the
private sector is responding well to these initiatives (Munasinghe,
1986) 0

C$ Institutiona t

Considering the substantial barriers inhibiting greater levels
of efficiency, the range of program options, and the complex links

tween energy use and economic activities, it is clear that utilities
and governmental authorities face a great challenge in implementing
successful demand management programs and carrying out integrated
energy planning0 Thus, energy officials must make end-use
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eff i c iency and demand managemen t maj or areas of concern and act i vi ty.

In practi ca 1 terms I uti Ii ti es and energy agenc i es regu i re demand
management departments staffed with personnel from a variety of
disciplines. Specialists are needed in the areas of equipment
performance, consumer behavior, and end-use analysis as well as
program development, implementation, and evaluation. Where
appropr i ate, electr i ci ty conserva t i on departmen ts could be formed as
part of power sector development projects.

The issue of whi ch ins ti tu ti ons should be respons i ble for
electricity conservation efforts in LDCs is important. Electric
utilities are often strong institutions with a substantial level of
expertise, access to capital, and routine contact with consumers.
Ut iIi ties are a log i cal sponsor of equ ipmen t cleve lopmen t and
demonstration, technical assistance, education, and promotion.
Ut iIi ties conee i vably could sponsor i ncen ti ve and f i nanc i ng progr arns
as welltal

At the same time, other pqblic agencies and the private sector
can play critical roles in a national energy efficiency campaign.
Governmental agencies responsible for financing (e@g@, national
development banks), statistics, taxation, industrialization, codes
and standards, and other energy concerns should coordinate their
policies with utilities in support of greater end-use efficiency@
These orga ni z a t i cns may need to take spec if i c ac t ions such as
establishing a line of credit for efficiency investments or adopting
efficiency regulations@

In rnarke t econorni es I' grea ter end-use eff i c i ency wi 11 occur to a
large extent through activities by the private sector -- companies
producing, marketing, and selling conservation products and
services~ Governments can assist entrepreneurs who are attempting
to man~f~cture and/or market energy-efficient products by offering
financing f training f and support for technology transfer. Regarding
technology transfer, governments can encourage joint ventures or
licensing arrangements between local and foreign companies involved
in the production of more efficient equipment.

Finally f since energy demand is der i ved in par t from the
structure of an economy and society, the energy implications of
alternative development policies should be appraised and factored
into decisions regarding national development. The expansion of
highly electricity-intensive industries (e.g., aluminum smelting)
should be of particular concern~ Also, an understanding of how
energy and materials flow through society is needed in order to assess

indirect effects of different development policies.

I n summary 1 i ncreas i ng end-use eff i c i ency can sa ve LDes bill ions
of dollars through a more rational allocation of investments between
electricity supply and demand. This implies greater economic
productivity and less likelihood that power supply will constrain
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economic and social development. But taking advantage of the
potential for greater end-use efficiency requires a concerted effort
on the part of governments and utilities in LDCs. The World Bank can
playa critical role by assisting governments and utilities in
developing the institutions and implementing the programs necessary
for effective demand-side management •. The political and financial
carnmi tment to end-use effie iency at ba th the in terna tiona 1 and
national levels must be commensurate with the potential benefits.
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Appendix A - Suppliers of Energy-efficient Electrical Equipment

Note: This is a sample of companies that produce and sell efficient
equipment in industrialized countries -- it is not a comprehensive
listing.

I~ Variable speed motor drives (inverter-based)

1. ASEA (Sweden)
5-72183 Vasteras

2. Emerson Electric Co. (GSA)
Santa Ana, CA 92707

3. General Electric Co& (USA)
Erie, PA 16531

4@ Graham Company Inc. (USA)
Milwaukee, WI 53223

s@ Hitachi, Ltd~ (Japan)
Tokyo 101

6. Louis Allis Corpe (USA)
New Berlin, WI 53151

7. Mi tsubi shi Electr i c Corp @ (Japan)
Tokyo 100

8.• Parametrics (USA)
Orange, eN 06477

9. Reliance Electric Co~ (USA)
Cleveland, OH 44117

10. Westinghouse Electric Co@ (USA)
Oldsmar, FL 33557

compact fluorescent lamps

1$ Matsushita/National (Japan)
Osaka 541

2@ Mitsubishi Electric Corp. (Japan)
Tokyo 100
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3G North American Philips Lighting Corp~ (USA)
Hightstown, NJ 08520

4. Osrarn GmBH (West Germany)
8000 Munich 90

5. Philips (Netherlands)
5600 MD Eindhoven

III. Electroni Lamp Ballasts

1. Diablo Lighting Inc. (USA)
San Ramon, CA

2. Electronic Ballast Technology, Inc. (USA)
Torrance, CA 90503

30 Luminoptics (USA)
Pleasanton, CA 94566

40 Phili (Netherlands)
5600 MD Eindhoven

5~ Triad-Utrad Inc. (USA)
Huntington, IN 46750

VI. Fluorescent Reflectors

l~ Brayer Energy Management Co. (USA)
San Francisco, CA 94930

2~ Energy Control Products l 3M COG (USA)
St. Paul, MN 55144

3@ Johnson Controls Inc. (USA)
lwaukee, WI 53201

4. Magnalite Manufacturing Inc. (USA)
Bridgewater, NJ 08807

5. Maximum Technology Inc~ (USA)
Brisbane, CA 94005
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v. Energy Management Systems

10 AMF Control Systems Inc0 (USA)
Dallas, TX 75229

2. Butler Controls (USA)
Kirkland, WA 98033

3. Honeywell Inc. (USA)
Minneapolis, MN 55408

4 @ Johnson Con trol s Inc. (USA)
Milwaukee, WI 94080

5. Litton Facilities Management Systems (USA)
Blacksburg, VA 24060

6@ Robertshaw Controls Co. (USA)
Richmond, VA 23261

7. Sol i dyne Corp @ (USA)
Schaumburg, IL 60195

VI. Air Conditioners

l~ Carrier Air Conditioning Co. (USA)
Syracuse, NY 13221

2~ Daikin Kogyo Co. Ltd~ (Japan)
Osaka 530.

3. Friedrich Air Conditioning Coo (OSA)
San Antonio, TX 78295

4@ General Electric Co@ (USA)
Louisville, KY 40225

S@ tsubishi Electric Corp. (Japan)
To 100

6. Toshiba Corp. (Japan)
Tokyo 100
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Appendix B - Draft Terms of Reference for Developing a
Comprehensive Electricity Conservation Program
in Developing Countries

The following listing describes the major tasks that are needed
to develop a logical and thorough set of programs for improving end­
use electrical efficiency in any countryo The tasks lead to, but do
not include program implementation.

The magnitude of the effort and degree of complexity of the
var i ous tasks depends in par t on the character is tics of a coun t ry and
the amoun t of i nforma ti on a lready a vai lable. Assumi ng maj or surveys
of electricity demand and market behavior are not necessary, the
entire effort might typically require one person-year of consul tants'
time and approximately four person-years of local personnel.

1@ Evaluate electricity demand

1.1 Review existing information on patterns of electricity use
in the industrial, commercial, agricultural and residential
sectors@

1~2 Conduct additional surveys to determine how electricity
is currently used~

1$3 Estimate how much electricity is used at the national
scale according to end-use.

equipment

2@1 Estimate the efficiency of the principal electricity­
consuming equipment and products used nationwide under
standardized conditions, including both domestic and
imported equipment~

2@2 Compare the performance of locally-available equipment
with energy-efficient equipment used worldwide; base this
comparison on consistent standardized tests to the extent
possible~

3@ Evaluate ______t_i_v_e savings tential

3@1 Analyze the first cost, electricity savings, and cost­
effectiveness of more energy-efficient equipment already
available from both the consumer (financial) and national
(economic) perspectives. Rank order conservation options
according to savings potential and cost-effectiveness@
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3.2 Assess the capacity to introduce more energy-efficient end­
use equipment through either domestic production or
imports; estimate first cost, electricity savings and
expected cost-effectiveness for equipment that could be
made available if so desired.

3.3 Analyze the overall national potential for electricity
savings, monetary savings, and foreign exchange savings
through the adoption of more efficient and cost-effective
end-use equipment.

4. Analyze barriers inhibiting the adoption of more efficient
end-use equipment and develop policies ana-programs to over-
come these barrier-s- ----

4.1 Examine the extent to which electricity prices deviate
from the cost of service and marginal electricity costs
for particular customer classes. If price subsidies
exist, analyze the extent to which they are inhibiting
investment in efficiency.

4.2 Assess awareness of and interest in energy efficiency on
the part of equipment manufacturers, energy managers in
commercial and industrial facilities, and other consumers.
Identify policies or programs to stimulate greater
interest in and investment in efficiencye

4~3 Examine legislation, fiscal policies including import
tariffs and other taxes l marketing practices, and other
factors that influence the production and purchase' of end­
use equipment; identify barriers inhibiting investments in
e iciency and policies or programs to overcome them~

4$4 Evaluate the costs and benefits of different program and
policy options considering local patterns of electricity
use, barriers inhibiting end-use efficiency, capabilities
of local institutions, and foreign experiencee

4@5 Propose the most attractive policies and programs as part
of a comprehensive national electricity conservation
strategYe




