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Glossary

BOO/BOOT schemes Build-Own-Operate (BOO) and Build-Own-
Operate-Transfer (BOOT) schemes are meth-
ods by which private sector participation in
the power sector is encouraged. Under these
approaches, a project company under pri-
vate ownership, or a joint venture with a
minority public participation, is set up to
plan, finance under limited recourse, design,
construct, and operate power generation
facilities. In a BOOT arrangement, ownership
of the facility is ultimately transferred to
another entity after a specified period of op-
eration.

Country commitment Commitment must be judged on a country-
by-country basis within the framework of a
country-assistance strategy around the
themes of significant progress toward
needed reform and no more "business as
usual."

Demand-side Identifying and implementing initiatives
management that improve the use of energy-supply ca-

pacity by altering the characteristics of the
demand for energy. DSM involves a mix of
pricing, other load management, and con-
servation strategies designed to increase the
incentives for a more efficient use of energy

7
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Energy-efficiency Any measure that results in the delivery of
improvements any energy service with a reduction in en-

ergy consumption. Thus, carrier substitu-
tion or fuel-switching measures that lead to
reductions in energy demand also become
examples of energy-efficiency im-
provements.

Energy end use Energy applications such as motive power,
lighting, process heat, water heating, refrig-
eration, air cooling, cooking, and so on.

Integrated energy An interrelated set of measures that points
strategy the energy sector toward the most efficient,

equitable, and environmentally-benign
resource use. The strategy requires decisions
on both the energy supply and demand side
about sector structure, institutions, owner-
ship, financing, fuel availability (coal, oil,
gas), technology availability (import restric-
tions), structures of end-use markets, pricing
policy, standards, service levels, and so on.

Integrated energy Primarily a U.S.-type planning process
resource planning (IERP) whereby utilities (and in the U.S., their reg-

ulatory commissions) evaluate available de-
mand- and supply side-options to provide
energy services (including purchased
power) and determnine an optimal energy
service strategy, given economic and envi-
ronmental factors. The essential concept of
ERP is the equal treatment, or integration, of
energy-based and conservation-based en-
ergy services. Planners attempt to rank by
cost all the different energy supply and end-
use technologies, processes, and programs
that might be used to provide energy ser-
vices and implement them beginning with
the lowest-cost opportunities.

Load factor A key measurement that compares a utility's
average kilowatt-hour load to its peak, or
maximum hour's usage, in a given year. A
high load factor means greater plant utiliza-
tion, since a company must build capacity to
meet its peak demand, not its average de-
mand.
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Load management Any effort to control loads by economic in-
centives, direct interventions, or new tech-
nology. Shifting load from peaks to valleys,
or simply shaving the peak, defers capacity
additions and transfers load from high cost,
inefficient peaking generation to more eco-
nomically efficient base-load units.

Marginal cost The increase in the total costs of an enter-
prise caused by increasing its output by one
extra unit. Marginal cost pricing is the set-
ting of the price of an item equal to the cost
of producing one extra unit of the item. Mar-
ginal cost represents the opportunity cost, or
the total sacrifice to society, for producing an
item. Long-run marginal cost is the cost of
meeting an increase in consumption, sus-
tained indefinitely into the future, when
needed capacity adjustments are possible. In
the long run, an increase in demand will
result in a corresponding increase in the op-
erating costs as well as in the capacity costs.

Peak pricing The setting of higher prices than average
when supplying services during a period of
peak demand. Enough electricity capacity
must be installed to satisfy demand at peak
times, because, in general, electricity cannot
be stored. At off-peak times the cost of elec-
tricity is lower at the margin than at the peak,
at which less-efficient power stations have to
be switched in to meet the demand.

Regulation The supervision and control of the economic
activities of private and arms-length public
enterprises by govermnent in the interest of
economic efficiency, fairness, health, and
safety. Regulation may be imposed simply
by enacting laws and leaving their supervi-
sion to the normal processes of the law, by
setting up special regulatory agencies, or by
encouraging self-regulation by recognizing,
and in some cases delegating powers to, vol-
untary bodies.



Executive Summary

There is a congruence of several forces in the developing world that
makes very timely the formulation of a strategy to address energy
efficiency and conservation issues better.' Many countries are becoming
receptive to reforming the way energy is produced and consumed as
they experience (a) rapidly growing demand for energy; (b) major
constraints on available energy financing; (c) increased pressures to
sustain the environment; (d) poor energy sector performance and unsat-
isfied customers; and (e) a reappraisal of the roles of government and of
the public and private sectors in development. These factors are forcing
developing countries to address long-neglected issues of energy wastage
in production and end use. The World Bank now has an enhanced
opportunity to further assist developing countries to improve their
energy efficiency and conservation policies and practices.

Comparing the experience of developing and developed country
performance in energy efficiency has highlighted four critical factors
that directly correlate with differences in the efficiency of energy pro-
duction and end use. These factors relate to:

• differences in energy pricing policies,
* mechanisms for controlling or regulating energy supply enter-

prises,
* the extent to which energy-using industries are protected from

competition, and
* other legal, institutional, and information barriers to the efficient

functioning of markets.
In formulating integrated energy strategies, governments must re-

view both supply- and demand-side options and set priorities that

10
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address major impediments to improving the efficiency with which
energy is produced and consumed. In many developing countries the
first step in the formation of an integrated energy strategy will be to
target demand-side issues such as energy pricing, promote competitive
markets in which energy consumers must operate, and take selected
information-related interventions to help markets work more efficiently.
On the supply side, the highest priorities will be to make supply-side
institutions responsive through institutional and regulatory reform and
to make investments in efficiency-enhancing activities, such as plant
rehabilitations and reducing transmission and distribution losses. Other
priority areas, such as facilitating the ease of technology transfer and
increasing the focus on energy efficiency in transport, involve initiatives
on both the supply and the demand sides. In general, an increased focus
is needed on providing energy services, including improved efficiency,
as well as increasing supplies.

After reviewing World Bank and country experience, carrying out a
comprehensive survey of the literature on energy efficiency and conser-
vation issues, and undertaking extensive consultations with outside
developing and developed-country officials, academics, researchers,
practitioners, and nongovernmental organizations (NGOs), it is con-
cluded that continuing efforts to address countrywide policy and insti-
tutional issues are the most important means by which to achieve the
largest energy efficiency gains in developing countries. As a result, the
main elements of existing Bank policy for achieving energy efficiency in
the developing world will remain in force while the Bank fully exploits
every additional opportunity to improve energy efficiency.

The Bank will continue its efforts toward increased lending for com-
ponents designed to improve energy efficiency and promote economi-
cally-justified fuel switching. In addition, to take advantage of the
increased receptivity of many developing countries to efficiency issues,
the Bank will sharpen its focus on energy efficiency by undertaking the
following four point program:

Point One. To gain greater country commitment, the Bank will better
integrate energy efficiency issues into its country policy dialogue so that they
can be addressed at an earlier stage.

In the Banks general country policy dialogue with developing coun-
tries, greater emphasis will be given to energy pricing and to fundamen-
tal institutional and structural factors that affect supply- and
demand-side energy efficiency. The Bank will assist countries in putting
viable integrated energy strategies in place. The energy sector is a
candidate for greater attention because of its size, its strategic role in the
growth process, and its major environmental impacts.
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Point Two. The Bank will be more selective in lending to energy-supply
enterprises.

Governments should clearly demonstrate that they are putting in
place structural incentives that will lead to more efficient energy supply
and consumption. The Bank will not continue to finance energy supply
projects where poorly performing public energy enterprises and their
governments are unwilling to carry out fundamental structural reforms
that could significantly improve the ways they do business.

Point Three. Approaches foraddressing demand-side management (DsM) and
end-use energy intermediation issues will be identified, supported, and given
high-level in-country visibility.

The Bank will increase its efforts to improve intermediation in the
energy and industry information markets in developing countries in
order to reduce the relatively high information, management, technol-
ogy, and financing transactions costs. There is a role for both the public
and private sectors. As the gap between the cost of energy and the price
at which it is sold is reduced or elimninated, market intermediaries will
increasingly be able to earn a profit through arbitration of information,
technology, financing, and management assistance. The Bank will play
a role by identifying, supporting, and financing both public and private
sector institutional homes and initiatives that can serve intermediation
functions and pursue DSM objectives.

Point Four. The Bank will give greater attention to the transfer of more
energy-efficient and pollution-reducing technologies in its sector and project
work.

For all sectors, induding basic materials processing industries, the
Bank will actively monitor, review, and disseminate the experience of
new efficiency-enhancing supply-side and end-use products, technolo-
gies, and processes, and pollution-abating technologies as they are
developed and reach the marketplace; help finance their application;
and encourage the reduction of barriers to their adoption. Staff working
in all sectors will explicitly review technology choice options during
project appraisals and in sector work.

The importance of such an intensified effort to promote energy effi-
ciency was underscored at the United Nations Conference on Environ-
mental Development (UNCED) in June 1992 by the commitment of the
international community, at the highest levels, to energy efficiency and
other cost-effective greenhouse gas control measures.



1 
Introduction and Overview

The demand for energy is growing rapidly in developing countries. But
energy is produced and consumed with varying low levels of efficiency.
In the early 1980s the Bank began to promote new kinds of projects with
physical components and policy initiatives that specifically targeted
energy efficiency and conservation and economically justified fuel
switching. Other donors, and some countries, have had similar pro-
grams, and Bank cooperation with them has been extensive.

Given these efforts, the efficiency with which energy is produced and
consumed in developing countries would be expected to have improved
greatly. In a few countries-Korea, Malaysia, Chile-that has been the
case. In many other developing countries, however, success has been
limited; energy supply and end-use efficiencies are still only two-thirds
to one-half of what would be considered best practice in the developed
world. Studies indicate that at current relatively low energy prices and
with the present state of technology, a saving of 20 to 25 percent of energy
consumed could be achieved economically in many developing coun-
tries with existing capital stock. If investments were made in new, more
energy-efficient capital equipment, a saving on the order of 30 to 60
percent would be possible.

In light of these possibilities, it is reasonable to ask why energy
efficiency in the developing world remains so low. Has the World Bank
done enough of the right things to encourage the better use of energy
resources? How can the Bank's programs be strengthened?

After reviewing Bank and country experience, carrying out a com-
prehensive survey of the literature on energy efficiency and conserva-
tion issues (see bibliography), and undertaking extensive consultations
with outside developing- and developed-country officials, academics,
researchers, practitioners, and NGOs, this paper concludes that continu-

13
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ing efforts to address countrywide policy and institutional issues are the
most important means by which to achieve the largest energy efficiency
gains in developing countries. As a result, the main elements of existing
Bank policy for achieving energy efficiency in the developing world will
remain in force while every additional opportunity to improve energy
efficiency is fully exploited. These existing elements are discussed as
follows.

Energy prices

Removing subsidies for energy production and use is the first priority.
According to World Development Report 1992, subsidies now amount to
more than $150 billion2 per year in developing countries-for electricity
consumption alone the subsidy is on the order of $100 billion per year.
Such subsidies waste capital and energy resources on a very large scale.

Subsidizing the price of electricity is both economically and environ-
mentally inefficient. Low prices give rise to excessive demands and, by
undermining the revenue base, reduce the ability of utilities to provide
and maintain supplies. Developing countries use about 20 percent more
electricity than they would if consumers paid the true marginal cost of
supply. Underpricing electricity also discourages investment in new,
deaner technologies and more energy efficient processes.

In recent years a number of organizations have proposed that, in
investment planning, the least-cost concept should be extended to in-
clude demand-side planning. The Bank has had a longstanding goal of
bringing about least-cost demand-side efficiency, principally through price
and institutional reforms and policies that create competition in end-use
markets. When energy is highly subsidized, it is difficult for many
demand-side initiatives that might reduce energy use to compete. The
purpose of good pricing policies is to convey to consumers the real costs
of energy, including the real costs of pollution, so that cost-effective
consumption decisions are made from a social perspective. From both
demand-side and supply-side perspectives, good pricing policies are
fundamental prerequisites for achieving energy efficiency.

Supply-side Institutional Reform

Inappropriate investment decisions and government intervention in the
day-to-day operations of energy-supply enterprises result in large eco-
nomic costs and financial losses. Increased emphasis on supply-side
restructuring will, therefore, aim at making energy-supply enterprises
more autonomous and decisionmaking more transparent. The im-
proved managerial efflciency that would arise from institutional reform
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Box 1. The Meaning of Energy Efficiency

Energy efficiency is not a well-defined concept. Traditionally it has had
two aspects: managerial, or "X"-efficiency, and price efficiency. More
recent literature suggests that "X"-inefficiencies exist not only in produc-
tion but also on the energy consumption side. One frequently-used
empirical measure of energy efficiency is energy use per unit of GDP (see
Box 5). However, in a development context, it is the economic rate of
return to capital that is relevant, not energy use per unit of output of GDP.

If lower energy consumption per unit of GDP were achieved by reducing
the rate of return to investment for the reasons discussed in this paper-
thatis, increasing subsidies and raising technical/managerial/"X"-inef-
ficiencies-this would not be desirable. Pursuing increased energy
efficiency for its own sake could be costly; it is only worth pursuing up
to the point where the change in the economic rate of return becomes zero
or negative (or alternatively, where the economic rate of return is greater
than or equal to the cost of capital).

and greater private sector participation is also dependent on achieving
good financial rates of return that would leave the enterprise financially
able to undertake required maintenance and reduce physical losses. The
longstanding requirement that Bank-financed projects and programs be
part of least-cost investment plans to provide energy services is fully
consistent with the goals of producing and using energy efficiently. The
least-cost requirement should indude full compliance with environmen-
tal policies.

Competitive Markets

The protection of domestic industry from competition has been a signif-
icant factor in the relatively high energy consumption per unit of output
observed in many developing countries. The World Bank will continue
to pursue vigorously policies that will bring about competitive end-use
markets in developing countries.

There is also scope for two further Bank initiatives to improve energy
efficiency in developing countries through:

Market intermediation

An increased focus on improved intermediation in the energy and
industry information markets in developing countries is needed to
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reduce the relatively high information, management, technology, and
financing transaction costs. Even in OECD countries, where energy prices
come closer to reflecting costs and where most end-use markets are
competitive, it has been demonstrated that information programs help
narrow the gap between the the technical potential for energy efficiency
and current efficiency levels. These programs provide producers and
consumers with examples and with the demand-side technical, eco-
nomic, and financial information they need to make decisions on energy
production and consumption. Intermediation functions will be identi-
fied and supported in all developing countries.

Technology transfer

Many developing countries have a disproportionately high level of old,
inefficient, and polluting capital stock in all sectors. There is great scope
for introducing through Bank operations new efficiency-enhancing and
pollution-abating supply-side and end-use products, technologies, and
processes.

This paper provides a background on the evolution of developed
versus developing-country energy efficiency and summarizes World
Bank experience (chapter 2). It outlines the growing energy demand in
developing countries and the accompanying financial and environmen-
tal problems that bring energy-efficiency issues to the forefront (chapter
3). The paper then sets out the potential for improved energy efficiency

Box 2. Power Loss Reduction

Unaccounted energy losses were reduced significantly by improving
power sector management practices under the Afghanistan First Power
Project. During the period 1974-79, the power utility, DABM, was able to
increase its sales by about 62 percent with only a 19 percent increase in
generation. DABM also improved its financial position significantly with
only a 20 percent increase in tariffs over the five-year period. To reduce
energy losses, the government and DABM initiated vigorous measures
that included intensifying inspection of customers' premises; disconnect-
ing illegal and nonpaying customers; discharging or relocating staff to
disrupt vested interests; increasing and more tightly controlling meter
reading and testing; implementing faster billing; and prosecuting con-
sumers found guilty of stealing power.

Source Gandhi et al 1993.
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and the main reasons that efficiency has been so poor (chapters 3 and 4).
Finally, it sumnmarizes the priority actions for achieving energy effi-
ciency in developing countries and sets out a four-point program for the
World Bank (chapters 5,6,7).

This paper does not specifically address issues related to the efficiency
with which traditional fuels-straw, dung, wood, and charcoal-are
gathered or produced and consumed. While many of the issues in the
traditional energy sector are the same as those for modern fuels-indud-
ing better management of supplies, interfuel substitution, energy de-
mand management, and pricing-the solutions are different. The
pricing issues in this paper focus on how to include the value of exter-
nalities in the market price rather than on simply whether to eliminate
government subsidies. Improving the efficiency of traditional supplies
extends beyond the commercial energy sector to a number of sectors,
induding agriculture, forestry, and traditional fuels. The efficiency and
conservation issues for traditional fuels will be examined in a subse-
quent paper on rural energy.



Evolution of Energy Efficiency

By the early 1970s, most developed countries had experienced decades
of low energy prices and plentiful fuel supplies, with a consequent high
and growing per capita use of energy. This high usage was of little
concern to most governments until the first oil shock, when rapidly
rising energy prices and interruptions in supplies forced reexamination
of existing policies. In most developed countries, conservation and
end-use efficiency improvements became an important component of
energy policy. Fortunately, there was ample scope for improvements.
Insulation and other measures were applied to reduce space heating and
air conditioning requirements. The wide use of household appliances
meant a large market for more efficient electric motors, compressors, and
other equipment. In transportation, existing technologies were applied
to the production of new vehicles, with consequent improvements in
fuel use.

Also in the developed countries, the growing demand for many
energy-using consumer and producer goods, as record numbers of
young people entered the age of household formation, was met in part
through consumer and producer goods that incorporated newer, more
energy-efficient technologies. By the mid-1980s, a large part of the capital
stock of these goods consisted of household appliances and industrial
motors that reflected these newer technologies. The trend toward effi-
cient technologies is shown clearly in energy consumption statistics; as
the level of services rose, overall per capita energy demands decreased.
Although in recent years the rate of improvement has slowed as energy
prices have dropped back to historically lower levels, the experience of
the 1970s and early 1980s was dramatic proof of the potential forimprov-
ing energy efficiency.

18
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A similar improvement in energy efficiency has not occurred in most
of the developing world. On the contrary, in many instances energy
intensity (energy consumed per unit of output) has continued to in-
crease. Four main factors account for this disappointing performance.
First, many governments failed to pass on all of the increase in interna-
tional energy prices to domestic producers and consumers. Second, in
many countries a large part of total consumption was and is in the
nonhousehold sectors, which are dominated by inefficient state enter-
prises and protected industries. Third, the subsidized publicly-owned
monopoly enterprises supplying energy in cost-plus conditions did not
provide a conducive environment for effective built-in incentives for
high levels of efficiency. Fourth, because of noncompetitive market
structures and subsidized energy prices, it has not been profitable for
market intermediaries to develop to arbitrate information on energy
efficiency or on financial and technology options.

In the developing world the continued rapid growth in energy de-
mand and its financial and environmental consequences have stimu-
lated renewed interest in exploring the potential to improve efficiency
in both supply and end use. A number of technical studies have shown
thatif developingcountries were to use thebestpractices and technology
now available, dramatic declines in new energy requirements would
theoretically be possible. This technical potential for greatly improving
energy efficiency has attracted much attention from both environmen-
talists and energy planners. Financial development agencies such as the
World Bank have also been looking for ways to give greater weight to

Box 3. Improving Power Sector Efficiency With Advanced
Lighting Units

The Bank's 1990 Electricity Transrnission and Conservation Project
in Brazil aimed to increase public lighting efficiency by replacing 175-
watt incandescent bulbs with 80-watt fluorescent lamps and 50-watt
high-pressure sodium fluorescent lamps. Brazil has 770,000 public light-
ing points that operate with incandescent bulbs. The program was ex-
pected to save about 103 GWh/year, enabling the government to defer
installation of 27 MW of additional capacity, with potential capital cost
savings of $40 million. Unfortunately, the project was recently canceled
because of Brazils failure to meet the conditionality of the electricity tariff
agreement.

Source Gandhi et al 1993.
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Box 4. Energy Efficiency Projects

Since 1979 the Bank has funded more than forty projects entirely devoted
to energy efficiency. Many of these projects have directly instituted
technical changes and improvements, rehabilitated power and industrial
facilities, promoted conservation and household measures in all sectors,
and promoted demand and load management in the power sector. At
least eleven projects have targeted energy efficiency improvements
in petroleum refineries, which are the most energy-intensive operations
in many countries. Projects have also included efficiency improvements
of manufacturing plants in the fertilizer (Yugoslavia, Turkey, Indonesia,
and China), pulp and paper (Turkey), textiles (Philippines, Turkey),
cement (India), and metals (Egypt and Guyana) industries. The majority
of these projects also helped establish or strengthen energy-efficiency
institutions and energy-related physical, economic, and financial infra-
structure. Institutional capability played a significant role in the effec-
tiveness of project implementation in many cases. Lack of institutional
consistency and follow-through contributed to project failure in several
cases (Guinea, Jamaica, Liberia, Sudan, and Uruguay).

Source: Gandhi etal 1993.

energy conservation and efficiency in their policy dialogue and invest-
ment decisions.

In fact, this potential was one of the driving forces behind the Bank's
establishment of the Energy Sector Management Assistance Program
(ESMAP) in 1983 in cooperation with UNDP and the donor countries. It
was also behind Bank efforts in the energy sector increasingly to com-
plement new energy supplies with programs or investments specifically
designed to increase the efficiency with which existing capital stock and
new plants produce and consume energy. The Bank's 1983 Electric
Power Sector Support Strategy Paper explicitly recommended that "tar-
iff analysis should emphasize economic efficiency as well as financial
viability" and that "project identification and preparation work should
pursue opportunities for new-style projects including maintenance and
rehabilitation, conservation, and efficiency.'

World Bank Experience with Energy Efficiency

A preliminary review of some 1,500 World Bank Staff Appraisal Reports
(SARs) was undertaken as background for this paper to identify projects
with explicit energy efficiency components. From that number, 233
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projects were selected for further analysis using the narrow guidelines
sunmarized in the appendix. For these, there were sixty-one Project
Completion Reports (PcRs) available. Once the projects were selected,
they were organized and analyzed in two ways. First, projects were
reviewed to determine the extent to which they targeted energy effi-
ciency in specific areas:

* technological reform,
* interfuel substitution,
* institutional development,
* demand-side management, and
* energy policy and regulatory reform issues.
Projects with energy efficiency components were also reviewed by

sector (industry, energy, power, transport, and fossil fuels) and accord-
ing to two other categories (structural adjustment loans and projects that
were completely dedicated to energy efficiency). Second, site visits were
made to ten countries to examine specific issues relating to the structure
and mandate of energy efficiency institutions.

The energy-efficiency impacts of Bank-induced policy or institutional
reform can only be assessed in broad and general terms. It is possible,
however, to assemble information on the level of Bank activity in putting
together specific projects or components of projects that directly address
energy-efficiency issues. In doing this, it was found that Bank lending
for components designed to increase energy efficiency and promote
economically justified fuel switching has increased significantly in re-
cent years (figure 1). The power sector has led the way, with efficiency
components comprising slightly more than 50 percent of the total com-
ponents identified. Loans for the energy, industry, and transport sectors
each had between 8 and 14 percent of all components identified. Of the
areas reviewed, structural adjustment lending had the fewest identifi-
able energy-efficiency components, with only 3 percent (figure 2).

In the power sector, in addition to promoting policy, pricing, and
institutional reform, the Bank has increasingly pushed programs to
rehabilitate old plants to extend their lives and increase productive
efficiency; strengthen and upgrade transmission and distribution sys-
tems to reduce technical losses; improve commercial practices to reduce
nontechnical losses; promote least-cost system planning and operations
to supply power from the most cost-efficient plants; establish energy
audits to reduce wastage; promote technology upgrading; and set up
dedicated energy-efficiency institutions.

Likewise, in the oil and gas sectors, most recent projects have con-
tained combinations of energy-efficiency components similar to those in
the power projects, covering loss reduction; load management; plant
operational improvements; better operating procedures; process modi-
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Figure 1. Financing for Energy Efficiency Components in Projects
Partly Financed by the World Bank
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Figure 2. Percentage of Projects with Energy Efficiency
Components (1968-91)
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fication; energy-enterprise management; and institutional strengthen-
ing. Bank refinery projects have been almost solely focused on rehabili-
tation to achieve both operational and energy efficiency rather than on
financing expansion or new facilities.

The Bank also has promoted natural gas as an energy-efficient fuel.
Methods for increasing management accountability in the oil and gas
sectors, and for encouraging private sector participation, have been a
focus of the Bank's oil and gas program, just as they have been in the
power sector. Similar initiatives were also carried out in the industry
sector, such as loans for plant rehabilitations, technology retrofitting,
energy audits, and the reduction of market barriers to competition.

The lessons learned from the review of Bank experience are many and
varied. Briefly, however, it is clear that while many individual efficiency
components have been successful, at least in the short run, many other
economically justified efficiency-related initiatives on both the energy
supply and demand sides were not undertaken-boiler tuning, better
plant housekeeping, and more efficient motors, light bulbs, and appli-
ances-or did not realize their full potential. The reasons for this failure,
in many instances, have been found to relate directly to one or more of
the following factors:

• lack of government follow-through on agreed commitments to
efficiency-related policy and institutional change,

• weak or absent competitive market forces in the commercial and
industrial sectors,

* subsidized fuel and electricity prices,
* administered trade barriers and discriminatory taxes and subsidies,
* lack of local financing at competitive rates,
* lack of in-country technical knowledge of energy-efficiency op-

tions,
* lack of indigenous industries for supply of energy-efficient prod-

ucts and efficiency services,
* the relatively high weight given to first-cost considerations when

making equipment purchases, and
* absence of specific incentives for increasing efficiency, such as

mandated energy performance codes and standards for industry,
transport, and buildings.
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Forces Driving Increased Energy Efficiency

Growing Energy Demand in Developing Countries

It is unavoidable that developing countries will have to increase the
amount of commercial energy they consume in order to improve the
welfare of their populations. The electric power consumption of the
whole of Sub-Saharan Africa, for example, is less than that of New York
City. Even Brazil consumes only about one-tenth as much energy per
capita as the United States or Westem Europe. On an overall per capita
basis, developing countries annually consume about OA toe of commer-
cial fuels, or 0.6 toe includingbiofuels, compared with more than 3.2 toe
in Westem Europe and 7.4 toe in the United States. The difference in
electricity use is particularly striking. On average, developing countries
use only 500 kWh of electricity per capita per year, compared with more
than 5000 kWh in Europe and more than 10,000 kWh in the U.S.

Given the relatively low consumption base, the growth in demand for
commercial energy in the developing countries is expected to account
for almost all of the increase in future world energy consumption. This
demand-growth is driven by several related factors, including the
growth of populations and per capita incomes; the migration to urban
areas, which in many instances leads to substitution of commercial
energy for fuelwood; the increasing penetration of energy-intensive
products and technologies (fertilizers, petrochemicals, cement, vehicles,
appliances, motors); and the poor efficiency with which energy is pro-
duced and consumed in the developing world.

On a global scale the rate of growth in energy consumption in the
developing countries over the past two decades has been more than
seven times that of the OECD countries (5.3 percent per year compared
with 0.7 percent per year). Growth in the electric power sector has been

24
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Figure 3. Energy Consumption Projections
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particularly dramatic. In more than 90 percent of a recent sample of
fifty-one developing countries, installed capacity and generation per
capita grew at more than twice the real growth rate of GDP. In 57 percent
of those countries, installed capacity and generation grew at three times
the real GDP growth rate. Power connections grew at 9 percent a year, or
about two-and-a-half times the average population growth rate. Assum-
ing 4 percent growth per year (two percentage points below a projected
rate with full economic recovery in Latin America and Africa), develop-
ing country per capita energy consumption will still be less than one-
quarter the level of OECD countries forty years from now. Nevertheless,
given the high population and urban growth expected in developing
countries, total commercial energy consumption in developing coun-
tries will likely be greater than in the OECD countries within fifteen to
twenty years and more than four times that of Eastern Europe and the
former USSR combined.

Financing Constraints

Given this rapidly growing demand, developing countries are begin-
ning to experience increased pressures to produce and consume energy
more efficiently, partly because of financing constraints on new energy
supplies. Today in some developing countries, one-quarter to one-third
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of the public resources available for investment are going solely to
electric power, and these investments are still inadequate. There are also
major constraints on the availability of international concessionary and
commercial bank finance, as well as on domestic public resources. This
leaves only the domestic and international capital markets as potential
sources of significant new investment capital. Domestic capital markets
in many countries are weak, and it will take time to develop strong and
viable markets. In the meantime, for electric power supply alone, devel-
oping countries want investments of $100 billion a year over the next
decade. For Eastern European and Central Asian power utilities, it has
been estimated that more than $70 billion a year between 1990 and 2000
will be required to bring them up to the technical standards that existed
in 1990 in the former West Germany.

These magnitudes of funding have little chance of being mobilized.
World Development Report 1992 estimates that prices that are 50 percent
of supply costs, combined with existing losses in capacity and energy
from technical inefficiency, serve to double investment requirements in
power supply in many countries. Removing such economic drains
would alleviate some of the demand on available funding, but it is clear
that more must be done. Producing and consuming energy more effi-
ciently will have to become an increasingly important "source" of new
energy supply.

Energy and the Environment

The increased focus on energy efficiency is also being driven by the fact
that the environmental implications of the growth in energy demand in
developing countries are very large worldwide. It is a fact that energy
production and end use are major contributors to environmental degra-
dation. The inefficient combustion of household fuels, for example,
already shows up in serious respiratory and other health problems in
low-income households, and poor practices in burning coal in power
plants have already resulted in substantial deterioration in the quality
of both air and water. Also, the poor management of urban congestion
and automobile use is contributing to deteriorating air quality in many
cities. On a global scale, the production and use of energy accounts for
between 50 and 60 percent of the greenhouse trace gas emissions in the
atmosphere. In general, energy efficiency is highly correlated with in-
come levels. Poor households tend to be less energy efficient than
higher-income households, and poor countries are less energy efficient
than higher-income countries.

A number of studies of energy and the environment have concluded
that environmental degradation can be reduced by switching to cleaner
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Figure 4. Global Sectoral Contribution to Greenhouse Gases
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fuels and reducing the energy intensity of economic activity by using
best practices and best technology in both energy production and con-
sumption. This is not the complete picture, however. World Development
Report 1992 documents clearly that a twofold approach is required to
reduce pollution from energy production and use. One part of the
approach is to imnprove energy efficiency through cost-reflecting prices
and policy and institutional reforms; this would also reduce costs and
increase economic efficiency. The other is to use environmental taxes and
regulations as an incentive for the energy industry and its consumers to
adopt cleaner fuels (such as gas) and clean-fuel technologies (such as
particulate emission controls and, where merited, scrubbers or advanced
combustion technologies). Taken together, these two sets of policies are
capable of reducing pollution dramatically while leading to cost savings
in energy production and use.

Figure 5 illustrates this point for particulate emissions from power
generation. Under a "business as usual" scenario, pollution would rise
in line with demand growth. Raising prices to cost-reflecting levels, and
instituting policy and institutional reforms, as discussed in this paper,
would reduce pollution by slowing demand growth and thus reducing
the amount of fuel needed. Furthermore, policies that encourage the
control of particulate emissions directly can have dramatic effects on
pollution abatement while adding relatively little to costs.

Similar conclusions apply to most other pollutants-e.g., to emissions
from vehides (figure 6). Controlling SOQ and NO. can be more expen-
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Figure 5. Particulates Emissions from Electricity: Three Scenarios
in Developing Countries
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sive, though the costs are not large relative to the gains from efficiency.
A combination of economic efficiency and good pollution abatement
policies is therefore very powerful and can improve the environment
while raising incomes and social welfare. However, the developing
world is only beginning to appreciate the seriousness of the pollution
problems that result from poor management of the energy transforma-
tion process.

Potential for Greatly Improved Energy Efficiency in Developing
Countries

Because of their current low efficiency base, developing countries have
the potential to achieve significant energy efficiency gains. For example,
in the petroleum sector, losses in refining (excluding the energy require-
ments of the refining process) are as high as 5 percent but could be as
low as 0.5 percent in a well-run refinery-the difference represents
mainly leakage and the flaring of refinery gases. Estimates of avoidable
costs in the petroleum product supply chain in Sub-Saharan Africa-be-
fore the products even get to the consumer-amount to $1.3 billion per
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Figure 6. Lead Emissions from Land Transport: Three Scenarios
in Developing Countries
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year (about one-quarter of the entire Sub-Saharan petroleum import
bill). Since petroleum product imports absorb one-third of export earn-
ings in the region, this is a substantial sum exceeding total Bank adjust-
ment lending to Africa for an average year.

In the power sector, which is always one of a developing country's
largest commercial energy consumers, the problem is particularly acute.
A recent review of the operational performance of the largest power
utilities in fifty-one developing countries over a twenty-year period
shows a general trend of declining technical efficiency. It has been
estimated that older power plants in many developing countries con-
sume from 18 to 44 percent more fuel per kilowatt hour of electricity
produced than do plants in OECD countries, and they suffer transmission
and distribution losses two to four times higher. In fact, technical and
nontechnical transmission and distribution system losses in the delivery
of electricity are commonly greater than 20 percent-occasionally ap-
proaching 40 percent.

Currently transmission and distribution losses represent about 31
percent of generation in Bangladesh, 28 percent in Pakistan, and 22
percent in Thailand and the Philippines. (In the United States only 8
percent of electricity is lost during transmission; in Japan, 7 percent.)
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These losses, the equivalent of about 75,000 megawatts of capacity and
300 terawatt hours (300 billion kilowatt hours) a year, represent a loss to
developing countries of approximately $30 billion a year through in-
creased supply costs. Worse, by the end of the century, based on present
trends, aggregate losses would double. It has been estimated that cutting
transmission losses by only one-tenth in Asia would reduce the need for
investment in generating capacity during the 1990s by about $8 billion-
almost enough to pay for controls to reduce particulate emissions for
every new power plant to be built in the entire developing world during
the 1990s. While some losses represent theft and shortcomings in billing
and collection, it is clear that technical losses in networks are very high.

The economic impacts of policies and investments that improve en-
ergy efficiency in developing countries can be substantial, first, because

Box 5. Energy Intensity

The ratio of energy input to GDP output is often used as a measure of the
differences in energy efficiency among countries. However, it has been
well-documented that this comparison can be a misleading indicator of
overall energy efficiency performance. In making cross-country compar-
isons, there are problems with both the GDP numbers (exchange rates,
omissions in income accounts) and with energy numbers (exclusion of
biomass fuels). In fact, given the low prices for energy in many develop-
ing countries, in some cases it may be economically efficient for them to
conserve other factors of production and consume more energy for a
given level of output. Also, changes over time in an indicator may not
closely relate to changes in individual sectoral energy intensities. For a
more refined measurement, selected measures of energy efficiency or
intensity from each sector or subsector are preferred.

Nevertheless, broad comparisons among countries can be made. His-
torically in developed countries, one of the driving forces for improving
energy efficiency has been the relative increase in the real price of energy,
compared with other economic factors. In the United Kingdom, the 42
percent increase in real GDP since 1970 has been accompanied by an
almost static primary-energy demand. While part of this is related to the
introduction of a cleaner alternative fuel-natural gas-and to some
structural changes in industry, improved energy efficiency has played a
major role. It has been estimated that since 1978, some 40 percent of the
reduction in the U.K's energy intensity has been due to specific energy-
efficiency initiatives and investments. Similarly in the U.S., partly as a
result of energy-efficiency measures, there has been only an 8 percent
increase in energy use since 1973, while GNP has increased 46 percent.
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Box 6. High Power System Losses in Bangladesh

System losses have been excessive in Bangladesh throughout IDA's power
lending program of six projects in the country over eleven years. Losses
were 35 percent before 1979, 33 to 43 percent on an annual basis during
1980-1988,46 percent (the peak) in October 1987, and 43 percent in May
1990. These high loss levels are continuing, despite a covenant in the fiscal
1988 Transmission and Distribution Project requiring loss reduction to
32 percent, and a second tranche release covenant in the fiscal 1989
Energy Sector Adjustment Credit that also required a loss reduction to
32 percent.

Due to high system losses and poor collections, a January 1991 super-
vision report states that payments for electricity reflect only 57 percent
of the energy generated. Because of this lack of progress, IDA suspended
lending for new energy projects in 1990 and suspended disbursements
for ongoing projects in September 1991. he conclusion is that fundamen-
tal sectoral change is needed and without it power loss reduction patch
work will not succeed in Bangladesh.

Source- World Bank reports.

of the possibilities of delaying capital-intensive investments in energy
supply, and second, because of the potential savings in fuels. On aver-
age, energy supply and end-use efficiencies and industrial energy effi-
ciency rates are two-thirds to one-half of what would be considered best
practice in the developed world, regardless of the process involved.
Without detailed country-specific analysis the exact magnitude of en-
ergy savings that can be achieved through supply- and demand-side
efficiency and conservation measures is not known. However, World
Development Report 1992, presents an energy-efficiency scenario in which
a number of achievable economic and institutional reforms-in pricing
and reduction of transmnission and distribution losses and unused capac-
ity-are assumed to be put in place to improve energy efficiency. Under
this efficiency scenario, annual electric power investment requirements
in the year 2030 would be about half what they would be under an
unchanged-practices scenario, and emissions of pollutants would be
about 35 percent less.

Several other technical studies have also estimated that at current
relatively low energy prices and with the present state of technology, a
savings of 20 to 25 percent of energy consumed by the existing capital
stock in many developing countries could be achieved without sacrific-
ing the economic benefits of energy use. This estimate reflects known
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opportunities that are attainable and cost effective. Over the longer term,
as investments are made in new capital equipment, it is likely that larger
energy savings will be achieved on the order of 30 to 60 percent above
what is now possible with current equipment.

On the basis of 1990 energy consumption in the former USSR, Eastern
Europe, and developing countries, a 25 percent energy efficiency saving
would amount to saving 1 billion toe per year. At current oil prices, this
would amount to $160 billion. The Bank's 1990 study on energy demand3

estimated potential savings of primary energy from energy efficiency in
eight developing countries (Brazil, China, India, Indonesia, Malaysia,
Pakistan, the Philippines, and Thailand) to be about 100 million toe at
current consumption levels, equivalent to $16 billion per year through
the mid-1990s. This could be achieved by structural and energy price

Box 7. Syria: Energy Efficiency Improvements in Cement
Production

The Syrian cement industry, the most energy-intensive industry in the
country, recently accounted for about 34 percent of the energy consump-
tion of Syria's industrial sector-this compares with 2 to 6 percent for the
cement industry in most developing countries. The cement industry is
government-owned and operated. A recent study of three plants man-
aged by three of the seven government cement companies examined
energy consumption patterns and constraints and identified areas where
large improvements in energy efficiency could be achieved. The study
concluded that Syrian cement plants were about 30 percent less efficient
than similar plants in many other developing countries and identified
the following categories for improvements:

* operational improvements involving no financial investment
* modifications requiring small investments
* long-term investments
It was estimated that operational improvements alone would result in

fuel and electric energy savings of about 3 percent and 15 percent,
respectively, on average and would increase production by 30 percent.
For the three plants examined, this would translate into fuel-oil savings
of about 8,800 tons and electricity savings of almost 80,000 megawatt
hours. Undertaking the identified programs of investments would lead
to almost equal savings of electricity and four times the savings of fuel
oil. At the same time, local environmental pollution would be reduced
as particulate emnissions decreased.

Source. ESMAP reports.
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Figure 7. Comparative Electricity Tariff Level in Current 1988 US$
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change, a faster rate of technology transfer, and fuel substitution. Sav-
ings were measured by evaluating the difference in the energy demand
projections on the basis of a with or without energy-efficiency scenario.
The difference between the two projections by 2010 represents a poten-
tial savings of some 750 Mtoe per year in the eight countries. At current
oil prices, this would amount to $120 billion in savings (in 1992 dollars)
per year from the late 1990s onward.



Why Is Energy Efficiency Performance
in Developing Countries So Poor?

-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Bank experience in comparing developing- and developed-country per-
formance in energy efficiency has highlighted four critical factors that
directly correlate with differences in the efficiency of energy production
and end use:

* the tendency to price energy, particularly electricity, below the
costs of production and distribution, while developed countries
mostly tend to recover the full costs and sometimes substantially
more;

* the fact that many industrial and large commercial sectors in devel-
oping countries are dominated by a relatively few large monopoly
or highly protected state enterprises, while developed countries
tend to have less protected, more competitive industrial and com-
mercial markets;

- the tendency of developing country governments to treat their
monopoly public energy enterprises as a direct extension of gov-
ernment, with little differentiation among the ownership, regula-
tory, and management functions; while developed countries tend
to have a more formal and transparent relationship where the rules
of the game are more clearly spelled out; and

* the fact that barriers to the efficient functioning of markets are more
pronounced in developing countries due to a relative lack of infor-
mation intermediation, which results in relatively higher costs of
information, financing, and management expertise.

34



MWy Is Energy Efficiency Performance in Developing Countries So Poor? 35

Box 8. Summary of Energy Sector Characteristics
in Developing versus Developed Countries
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Box 9. Pricing of Residential Electricity

Even though electricity consumption in developing countries tends to be
concentrated outside the residential sector, the impact of setting prices
to reflect costs for residences can be large. A recent cross-national study
of urban household energy use in twelve developing countries illustrates
the importance of both income and price for residential electricity con-
sumption. The study showed that all income groups are responsive to
the price of electricity. For every 1 percent increase in electricity prices
relative to kerosene, consumers will lower their consumption of electric-
ity by about 0.9 percent in the poorest income groups and by 0.6 percent
in the highest income groups.

The effects of income are just as strong as the effects of price. For every
1 percent increase in the higher-income groups there is about a 0.7
percent increase in consumption. The conclusion is that electricity pric-
ing policies are also very important for residential consumers in devel-
oping countries, and they are relatively more important for the poor than
for wealthy households when it comes to electricity consumption. Be-
cause the poor use electricity in very low quantities-mainly for light-
ing-pricing policies should probably have some kind of lifeline rate for
lower-income groups.

Source- Barnes, D. 1992.

Poor Country Policy Environment

Low energy prices

Prices in most developed countries are set with the objective of covering
at least the full financial costs of supply, but in many developing coun-
tries, energy prices (other than for some petroleum products) do not
cover the economic or full financial costs of supply. This means that
energy consumers-many of whom produce other goods-do not face
prices that encourage them to use energy efficiently, select the most
economic fuel, or use the technology that would best meet their needs.

In the transport sector, fuels are used inefficiently when fuel prices are
below border prices and when there are distortion-producing price
differentials among alternative fuels (gasoline, diesel, kerosene). In the
case of electricity, a recent survey of electricity tariffs in sixty developing
countries showed that on average, tariffs declined between 1979 and
1988 from 5.2 cents to 3.8 cents/kWh in constant 1986 U.S. dollars-or
less than half the level of those in OECD countries-while power supply
costs in those developing countries tended to be higher. The survey
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found that average tariffs for nearly 80 percent of the utilities in those
countries did not cover the long-run marginal cost of supply. In addition
to encouraging wastage in energy end use and making many energy-ef-
ficiency, conservation, and technology initiatives financially unattrac-
tive, these tariff policies strain the sector financially. This strain leads to
inefficient, underfunded operations and maintenance practices, which
in turn cause further energy wastage on the supply side.

Lack of competitive markets

Bank experience also indicates that the efficiency with which energy is
consumed is directly related to the existence of private sector firms
operating in competitive markets. This factor is particularly important
in developing countries, where the household sector consumes rela-
tively little energy compared to the commercial and industrial sectors.
It has been well documented that many industrial processes in develop-
ing countries with protected industries require far more energy per unit
of output than do processes that yield simnilar products in the industri-
alized world. For example, steel and ammonia fertilizer production often
require twice as much energy per unit of output; pulp and paper pro-
duction often requires three times as much. But in the absence of com-
petitive markets, raising the energy prices paid by these protected
industries will do little to encourage them to curb energy wastage or to
adopt more energy-efficient processes and technologies.

Box 10. A Protected Industry

The Hadisolb Rehabilitation Project in Egypt failed because of protection
from competition. Energy consumption, which under the project was
expected to decrease by 37 percent, actually increased by 13 percent.
Hadisolb faced no competition from either local or foreign sources be-
cause of govermment controls on steel prices, which were below the CIF

price of imports. Hadisolb was also subsidized through low energy
prices, low iron ore costs, and an exemption from paying royalties on its
mining operations. The low levels of operating efficiency, as measured
by labor productivity, product quality, energy efficiency, capacity utili-
zation rates, and conversion rates, stemmed fundamentally from lack of
basic management systems and procedures; and from laws and regula-
tions that severely inhibited management initiative and enterprise, al-
lowed no autonomy, and demanded little accountability.

Source Gandhi et al 1993.
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Box 11. Command and Control

Head of state

Command I
and Minister

control I

General manager

In a dosed command and control environment it is politically difficult to:
* Make unpopular tariff decisions
* Resist the temptation to meddle in sector investment and man-

agement decisions, to use the utility as a vehicle for political
patronage, to invest in new rather than maintain or renew old, to
divert funds, to ignore bothersome environmental issues, etc.

A related point is that many of the protected industries in developing
countries tend to be energy-intensive industries in the fist place-cement,
steel, refineries. In the absence of protection, it is possible that a much
less energy-intensive mix of industries would have evolved.

Closed Command-and-Control Supply-Side Institutional Structures

W\hen energy sector programs and projects appear technically sound but
fail to deliver results, the reasons are, in many instances, attributable to
weak institutions, absence of trained manpower, lack of an adequate
legal framework, interventions by governments, uncertain and variable
policy frameworks, and a command-and-control decisionmaking pro-
cess that increases the likelihood of corruption and waste. Many needed
energy sector reforms are never achieved if laws are not enforced or if
there are severe delays in the settlement of daims. Sector reforms can
also fail if accounting systems are so weak that budgetary policies cannot
be implemented or monitored or if lax procurement encourages corrup-
tion, which in tum distorts energy sector investment priorities.

The Bank's new 1993 electric power policy paper4 has conduded that
while all of these constraints are significant, the most frequent cause of
failure is the absence of a clear and transparent regulatory process. In a
closed command-and-control system, many governments in developing
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countries are tempted to interfere in day-to-day organizational and
operational matters that should be left to the control of enterprise man-
agers. Such interference has tended to undermine the accountability of
those responsible for management functions by influencing procure-
ment decisions, mitigating against least-cost fuel choice, restricting the
ability to raise power tariffs to meet revenue requirements, restricting
the enterprise's access to foreign exchange, tying salaries to low civil
service levels, and promoting excess staffing and political patronage.

In many cases, these problems have brought about generally inade-
quate energy enterprise management and organization, a lack of ac-
countability, little concern for the environment, the flight of experienced
and capable staff because of uncompetitive employment conditions,
weak planning, inefficient operation and maintenance, high technical
and nontechnical losses, poor collection, and weak financial monitoring
and controls. Also under such circumstances, consumers, environmen-
talists, and other interest groups have little opportunity to be heard in
setting policies regarding the investment program, pricing, access to
service, utilization of service, energy conservation, plant location, and
environmental issues.

Box 12. Electricity Pricing: Lessons Learned

The following is a quote from the December 1991 World Bank Project
Completion Report for the Republic of Yemen Third Power Project.

"The Bank's flexibilityinhandlingthe financial issues as demonstrated
by the downward revision of financial targets was not reciprocated by
the Government and the Yemen General Electricity Corporation, who
instead repeatedly cited social reasons for not taking decisions to raise
tariffs. An important lesson from this project is that although relaxation
of financial conditionality may be justifiable on occasion to allow contin-
uation of policy dialogue, such relaxations should be made only if the
Government shows its good faith by taking at least some tariff action,
and when there is evidence of a strong and clear commitment on the part
of Government to take further action to deal with the sector's financial
problems. [In the futurel it might be useful for the Bank to require
upfront satisfactory progress in electricity tariff reforms prior to loan
approval."
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Barriers to Efficient Markets

The costs of adopting more energy-efficient systems, procedures, and
technologies tend to be higher in developing countries because of a lack
of intermediaries to reduce the costs of information, financing, and
management assistance. This scarcity of intermediation is partly a result
of the large gap between the higher cost of energy and the lower
subsidized prices at which it is sold. There is very little incentive for
profit-making enterprises, firms, or institutions to develop or to serve as
market intermediaries to bring about a reduction in these costs.

Other factors affecting energy efficiency include inadequate legal
structures through which intermediaries can work; the lack of or inabil-
ity to enforce codes and standards; indiscriminate barriers to trade
(tariffs and restrictions); large foreign exchange premiums; and discrim-
inatory taxes on, or subsidies to, various energy forms, supplies, or
substitutes, which distort market choices and cause wastage. Discrimi-
natory subsidies can include domestic financing options. For example,
an electric or gas utility that is able to borrow at a below-market rate
(6-10 percent) to increase energy supplies will have an advantage over
a competing energy service company, private power project, alternative
fuels project, or firm that must pay the market rate (15-20 percent) to
install more efficient motors or air conditioning. With regard to the trade
sector, significant impediments to efficient production and end use of
energy include trade restrictions or import duties on energy-efficient
technology, equipment, and appliances and restricted access to foreign
exchange.
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What Can Be Done: Country Policy Priorities

Integrated Energy Strategies

Decisions on country priorities for taking action to improve energy
efficiency and conservation in developing countries should be made
within an overall integrated energy strategy. The formulation of an
integrated energy strategy is the responsibility of a country's govern-
ment. Governments must set policies and formulate strategies that point
the energy sector toward the most efficient, equitable, and environmen-
tally-compatible resource use that is feasible. Upstream decisions on
both the energy supply and demand side must be made about sector
structure, institutions, ownership, financing, fuel availability (coal, oil,
gas), technology availability (import restrictions), structures of end use
markets, and so on. Strategies currently in use or being discussed range
from, at one extreme, supporting subsidized command-and-control
public monopoly energy suppliers that sell to protected state enterprises
that in turn engage in cost-plus pricing to final consumers, to, at the other
extreme, a combination of public and private power suppliers wheeling
power over common carrier transmission lines to competitive final
consumers and local distribution companies.

In formulating integrated energy strategies, governments must first
review both supply- and demand-side options and set priorities that
address major impediments to improving the efficiency with which
energy is produced and consumed. It is clear from the discussion in
chapter 4, that the highest priority for improving the efficiency of energy
supply and end use in many developing countries must be to improve
the basic institutional and efficiency-incentive structures relating to
energy. In many developing countries the formation of an integrated
energy strategy would first result in targeting demand-side issues, such
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Box 13. Deregulation and Import Restrictions

Some of the objectives of the Industrial Energy Efficiency and Modern-
ization Project in India, initiated in 1990, were to develop and implement
open-market policies and programs that would secure improved incen-
tives for efficient energy use; build stronger institutions in the public and
private sector to carry out energy conservation programs; carry out
demonstration projects in key subsectors; and conduct a program for
research and development needs.

The Indian government proposed to promote this plan by:
* deregulating the domestic economy to increase competition and

provide stronger incentives for industry to use the various factors
of production, including energy, more efficiently;

* adjusting the cost-plus pricing formulas for most industries to
allow enterprises to retain financial savings derived from invest-
ments in energy conservation;

* reducing tariffs on energy-saving devices to lower the capital cost
of energy efficiency investments;

* subsidizing plant-level energy audits and feasibility studies;
* subsidizing R&D programs and expenditures by both public

sector research institutes and the private sector;
* adopting fiscal incentives for energy-saving devices and systems,

including 100 percent depreciation allowance for income tax
purposes, excise tax exemptions, and customs duty exemptions
for solar and wind energy generation equipment; and

* de-licensing equipment manufacture for minihydro and
microhydro systems, electric vehicles, solar, wind, and other
renewable-source power-generating equipment.

Source: Gandhi et al 1993.

as pricing energy, promoting competitive markets in which energy
consumers must operate, and taking selected information and technol-
ogy-related interventions to help markets work more efficiently. On the
supply side, the highest priority would be to make energy-supply enter-
prises responsive through institutional and regulatory reform and in-
creased private sector participation, as well as to target plant
rehabilitations, reduce transmission and distribution losses, and so on.
Other priority areas, such as facilitating the ease of technology transfer
and increasing the focus on energy efficiency in transport, would involve
initiatives on both the supply and the demand sides.
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In addressing these priorities, governments must think long term and
maintain consistent policies so that their strategic sector objectives will
ultimately be met.

Countrywide Incentive Structures

Energy prices: the first priority

In a developing country context, the highest priority structural initiative
must be to let energy prices reflect the real costs of supply, including
pollution abatement and damage costs. As part of the overall energy
pricing regime, power suppliers and gas suppliers should pursue active
load-management programs that are responsive to time of use, type of
user, and quality of supply. While the impact of price changes may not
be large in the short run, the oil price shocks of the 1970s and early 1980s
show that the longer-term efficiency impacts can be quite dramatic in
competitive markets.

The World Bank has extensive experience in encouraging developing
countries to let energy prices reflect the real costs of energy supply. In
fact, few issues between the Bank and its borrowers are as contentious
as pricing, and the Bank's efforts to have prices reflect international
levels or cover long-run marginal cost (LRMC), by imposing covenants

Box 14. Institutional Barriers

The bulk of the energy sector reform program of the Third Structural
Adjustment Loan in C6te d'Ivoire was not implemented, mainly because
the fundamental institutional problem in the sector-unclear lines of
authority among different ministries and agencies-was never resolved.
Consequently, no progress was made in the proposed formulation and
implementation of institutional measures to strengthen planning capa-
bilities and improve coordination in the sector. Likewise, no other activ-
ities were undertaken that required a cooperative institutional structure
for their success; in particular, investment programs were not developed,
and price and tariff policies were not elaborated. Two years later, how-
ever, the govemunent did tackle the country's energy-institutional issues
through the Energy Sector Adjustment Program and instituted wide-
reaching energy reforms leading to a substantial improvement in energy
efficiency.

Source Gandhi et al 1993.
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that set out financial targets, have often been unsuccessful. In the electric
power sector, tariff levels are in principle targeted to reflect, on average,
the power system's LRMC. However, in most instances the tariffs do not
reach or remain at that level very long, and even if they do, distortions
caused by cross subsidies result in actual prices that do not reflect costs.
Consequently, many developing-country power utilities continue to be
economically and financially nonviable and continue to require financial
transfers from the national budget. Mobilizing additional resources for
investment, facilitating a competitive environment, improving effi-
ciency, and developing economically and financially-viable power sec-
tors all require that electricity pricing be moved towards commercial
practices.

Many utilities in developing countries have yet to market electricity
actively or to do so with an energy efficiency focus. Energy enterprises
should be encouraged to adopt marketing strategies to improve plant
load factors, reduce peak loads, and reduce the need for high-cost
peaking plant in order to mininiize the construction of new power plants
and to avoid burning fuel needlessly. All of these involve vigorous
demand-side management (DSM) programs. Bank experience in propos-
ing explicit DSM programs is limited; a review of past Bank power sector
lending found that of 135 projects that contain explicit energy efficiency
components in addition to promoting prices that reflect long-run mar-
ginal costs, only about twenty contained an explicit DSM tariff structure
program. It is clear that the Bank must do more to encourage its borrow-
ers to engage in aggressive market-oriented pricing strategies.

Making consumers responsive through competitive markets: another
high priority

To stimulate supply and end-use efficiency, developing countries must
also reduce barriers to the development of dynamic private commercial
and industrial sectors operating in competitive markets. Protective in-
dustrial and commercial barriers must be eliminated, and trade restric-
tions and foreign exchange controls should be phased out.

Numerous studies suggest that new, more energy-efficient technolo-
gies are introduced more rapidly into countries in which competitive
market forces are the rule. These studies have shown that countries in
which the private sector is allowed to operate, subject to the discipline
exerted by competition, are usually the first to adopt new technologies
effectively. It is also clear that in the absence of competitive markets or
other performance-based incentive structures, the availability of state-
of-the-art technology alone will not have a great impact on energy
efficiency. In many developing countries, current technical knowledge
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and modem technology are available, and some multilateral and bilat-
eral aid programs have supported the technology-transfer process.
However, such technology is frequently used inefficiently.

A recent study undertaken by the World Bank and several bilateral
agencies investigated the transfer of a relatively simple energy technol-
ogy, the diesel generator. This study reviewed the experience of a
number of developing countries with operating diesel plants. In all cases
it was found that when technology is available, the most critical variables
determining success or failure are quality of staff and management,
degree of accountability, degree of autonomy, and effectiveness of per-
formance incentives. In one country, for example, identical diesel sets
operated by a public utility and by a private company produced widely
differing performance.

Studies on a macro level show that countries that have developed by
competing internationally (the newly industrialized countries) have
done so mostly on the basis of importing readily available technologies.
Numerous country studies at the firm level have also shown that gains
in productivity cannot come from technology alone unless appropriate
institutional and competitive market-incentive structures are in place to
identify and manage the use of a technology.

The Bank has had considerable experience in recent years in working
with countries to open up markets and encourage competitive forces.
Typical structural adjustment loans (SALS) and some sector adjustment
loans (SECALS) over the past few years have contained such objectives as
improving efficiency of resource allocation, strengthening export com-
petitiveness, reducing or abolishing controls on imports, rationalizing
currency exchange rates, and increasing the emphasis on price incen-
tives and market forces.

Making Supply-Side Institutions Responsive Through Institutional
and Regulatory Reform5

The creation of institutional frameworks to encourage efficient energy
production and distribution must include initiatives on at least two
levels: restructuring energy supply enterprises, and facilitating a trans-
parent regulatory mechanism between government and the energy-sup-
ply enterprises.

The energy sectors in many developing countries are structured with
a single national electric or gas utility or oil company operating as a
public monopoly. This model is based on the principle that energy is a
strategic and publicly-provided good and that people have a right to
energy at low prices. This public monopoly model was suited to energy
sectors in their formative stages because it facilitated expansion of
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Box 15. Korea: Focus on Evaluating Management

The major power producer in Korea is KIEPCO, a parastatal company
responsible for most generation and all transmission and distribution.
At the time of the first World Bank loan in 1979, KEPCO was considered
a relatively well-managed company, but it was subject to excessive
government regulation and control. It also was experiencing high staff
turnover because of inadequate salaries and benefits. Coordination of its
many operating units was posing problems, and concern was growing
that its original organizational structure, established in 1961, was no
longer appropriate to maintain or increase efficiency. It was also noted
duringtheBank's appraisal of the first loanthat iEpconeeded to improve
its planning and organization, that the pricing structure was inadequate,
and that there were no clearly defined financial goals.

A subsequent Bank-financed consultants' study concluded that gov-
ernment control over KEPCO was excessive and that KEPCO should be
allowed greater autonomy for managing its affairs. As a result, the utility
made internal organizational changes. In 1984 the Government-Invested
Enterprise Management Act introduced a new mnanagement structure
for KEPCO and other public enterprises. The act gave a new external
regulatory board the authority to separate policymaking from executive
functions. KEPco's president and management became fully accountable
to this external regulatory board.

The act also provided the board with criteria for evaluating KEPCO's
management performance and for awarding salary increases based on
performance. The board operates under the scrutiny of the Public Enter-
prise Management Council, which reviews all public enterprise perfor-
mance. The act allows substantial incentives for superior performnance
and stresses evaluating management, not company, performance.

The effects of this new regulatory structure have been striking. Be-
tween 1983 and 1988, KEPCO's operating costs declined in real terms by
some 34 percent. This reduction was achieved in spite of rapidly rising
real-wage costs and after taking account of changes in the conversion
efficiency of new generating plant and of reductions in fuel costs during
that period. In addition, technical measures on the supply side, and
demand-management policies, such as mandatory time-of-use tariffs,
are estimated to have reduced peak-load demands between 1977 and
1987 by about 800 mw, or some 7 percent of actual 1987 peak demand.
Another characteristic of the new regulatory policies was that over time,
tariffs were regularly adjusted to cover actual costs, including a substan-
tial portion of capital investment costs.

Source: World Bank reports.
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energy supplies, captured technical economies of scale, and, at least in
the early years, made effective use of scarce managerial and technical
skills. In some industrial countries (for example, France), where a per-
formance-based regulatory system is firmly in place and where the
utility borrows heavily in private capital markets and is therefore subject
to capital market discipline, the model still functions satisfactorily.

In the context of many developing countries, however, as time passed,
this structure resulted in a mixing of the roles of the government as
operator, regulator, and owner of energy enterprises and drew govern-
ments into day-to-day management and unwarranted intervention in
enterprise operations. It is also of increasing concern that such a com-
mand-and-control approach does not provide the opportunity for en-
ergy consumers, investors, or the environmental community to
articulate their concerns. One alternative structure would involve setting
up a more independent and transparent regulatory body to assist in
redefining the roles of government, energy enterprises, consumers, and
other interest groups. This implies a shift away from opaque command-
and-control type regulation and toward decentralization and market-
based incentives. Government would, of course, retain responsibility for
setting objectives and articulating overall policies and would also estab-
lish the legislative and legal framework to protect the interests of the
various stakeholders and the public. With a more transparent regulatory
structure, consumers, investors, environmentalists, and other interested
parties could all have a voice in determining policies relating to invest-
ment programs, pricing, access to and reliability of service, energy
conservation, plant location, petroleum procurement, refining, distribu-
tion, and enviromnental issues.

Essential features of such a regulatory framework are transparency
and openness; clear articulation of the reform objectives, including tariff
policy; and a legal structure that clearly defines the procedures for
reducing government involvement in management and increasing the
autonomy and accountability of energy enterprise directors and manag-
ers. Such a framework also defines entry and exit conditions for investors
and competitive enterprises.

In addition to the general principles of transparency and indepen-
dence from day-to-day government interventions, regulation should
address environmental issues. It is fortunate that the technology for
addressing one of the most serious pollution problems of electric power
production emissions of particulate matter is relatively simple and
inexpensive. Increased use of gas-fired power stations will also be im-
portant in this respect. Where coal is the preferred fuel, constructing tall
chimneys, siting power stations away from large population centers, and
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using emissions control devices all help to increase amenities and reduce
hazards to health. Given the costs to life and health of particulate matter
emissions and the modest costs of reducing these emissions to low levels,
the case for worling toward high standards of abatement is unambigu-
ous. Developing effective regulatory institutions to address these issues
will take time, but concerns about potential impediments and delays
should be no excuse for inaction.

Developing-country energy-sector strategies must also promote com-
mercialization, corporatization, and inceased private-sector participa-
tion. For energy enterprises to operate on commercial principles, they
must be treated the same as commercial enterprises in the private sector.
They should pay interest and taxes; earn commercially competitive rates
of retur-n on equity capital; and have responsibility for their own bud-
gets, borrowing, procurement, salaries, and conditions pertaining to
staff.

One way to broaden the financial base of energy-sector enterprises
would be to switch some portion of their borrowing to financial inter-
mediaries. Given the potential importance of the energy sector for capital
market development, and the comparative price and income stability
that will come through proper regulation and commercialization, the
energy sector has the potential, through financial-intermediary lending,
to transform domestic savings into investments in long-term bonds and
equity issues of energy companies. This is one of the primary means by
which capital markets in the United States and Western Europe have
developed.

In some of the less developed countries with weak public and private
sectors, undeveloped capital markets, and a relative lack of market
forces, an early step in bringing about energy sector reform and increas-
ing sector management efficiency would be to import international
services into the sector under management contracts, twinning arrange-
ments, or local concessions. Potential areas for contracting out services
include plant maintenance, billing, revenue collection, vehicle mainte-
nance, pipeline laying, line stringing, and pole and tower fabrication.
Other areas for outside involvement include reducing supply-side sys-
tem losses and increasing plant availability. In fact, in the petroleumn
sector in Sub-Saharan Africa, it has been estimated that liberalizing
procurement, eliminating government monopolies, and instituting
more transparent pricing could save the region up to $1.3 billion per
year. The financial costs of these initiatives would generally be low
relative to their economic benefits to the countries and their populations.
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Making Markets Work Better

Even if better institutional and regulatory frameworks are in place,
energy prices reflect real costs, and competitive end use markets begin
to function, experience in both developed and developing countries has
shown that other market imperfections can still create significant bar-
riers to efficient energy production and end use. These include:

* Lack of a government track record on consistency, predictability,
and credibility in policies to encourage energy efficiency.

* Information gaps on energy losses, loss reduction techniques, tech-
nology and process options, financing, and joint venture opportu-
nities, all due to a relative lack of market intermediation and
resulting high transactions costs. In the household sector in partic-
ular, energy users do not usually have easy, low-cost access to
necessary technical information and capital, and first-time appli-
ance buyers do not generally have the sophistication to understand
the potential differences in the costs of ongoing energy consump-
tion.

* Household end-use energy consumers usually not facing real costs
of energy use because households are often not adequately metered
and because investment decisions are often split among tenants,
owners, and contractors.

In addition to these barriers, other factors tend to be associated with
lower levels of energy efficiency. These include:

* The general availability of energy-inefficient appliances, equip-
ment, and structures, due partly to an absence of minimum energy-
efficiency codes and standards for commercial buildings and for
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small consumer items such as appliances and motor vehides; and
a weak institutional capacity to enforce such codes and standards.

* The fact that, for a variety of reasons, end-use energy consumers
tend to have higher implied discount rates than do energy suppli-
ers. There is evidence to suggest that commercial enterprises and
households tend to have much higher discount rates than do sup-
ply-side utilities and that household sector discount rates are in-
versely correlated with income. This has led some countries to
introduce specific payments for new types of energy-saving invest-
ments by electricity customers, paid by either the government or,
as in several U.S. states, the electric utilities themselves.

In developing countries, industrial advisory services have sometimes
identified ways of reducing energy consumption per unit of output, as
well as other costs. Such initiatives are important for improving energy
efficiency, but their success, too, will depend greatly on prices that reflect
the full economic and environmental costs of energy. These will, in
themselves, help make energy-efficient technologies financially more
attractive to industry and individuals.

Where competition exists, market barriers tend to be less marked in
the commercial sector and are lowest in the industrial sector because
these sectors operate in an environrment where awareness of costs and
benefits is important. Indeed, in developed countries with competitive
markets, the industrial sector and especially energy-intensive industries
have substantially improved their energy efficiency as economic growth
has encouraged rapid stock turnover and the introduction of new, more
efficient technologies.

Nevertheless, a recent International Energy Agency study showed
that while energy-efficient equipment for industry in OECD countries is
less subject to market barriers than equipment for other end uses, a
number of significant barriers still slow the penetration of energy-effi-
cient equipment into the energy sector. The most serious barrier is the
lack of information about availability and reliability of new equipment.
Other important barriers include a separation of those who bear the costs
of new equipment from those who benefit from it, limited capital, rapid
payback requirements dictated by investment opportunities elsewhere,
the impact of electric and gas tariffs, lack of interest in peripheral
operating costs, and legal and administrative obstacles. Private trans-
port suffers from many of the same barriers as the household sector. The
fuel economy of a transport vehicle is usually not the most important
criterion in a purchase decision.

In developing countries, options for addressing barriers such as these
include:

* Increased demand-side management;
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* Setting up or strengthening national, local, or industrial energy-
resource centers or efficiency institutions to help improve training
and information intermediation and promote demand-side man-
agement initiatives;

* Putting in place energy-efficient standards and codes;
* Targeting specific technology transfer and efficient fuel-use op-

tions; and
* Focusing more on energy efficiency in transport.

Demand-Side Management

Demand-side management in industrialized countries

Every electric utility is subject to demographic patterns in energy
usage unique to its service area. The utility can graph this usage, or load.
Load factor is a key measurement that compares a utility's average
kilowatt-hour load to its peak, or maximum hour's usage, in a given year.
Raising the load factor increases the utilization of plant capacity, and this
can be brought about by reducing the peak load on the system. DSM
strives to achieve this effect by changing the patterns of electricity usage
to reduce peak load or slow its growth and thereby defer the need for
additional capacity to meet peak load.

Box 16. Replacing Power Plants With Glass and Plastic

In the ASEAN countries, over 30 percent of electricity is used by commer-
cial buildings. In Bangkok, about half the electricity consumed in com-
mercial buildings is for air conditioning. For a centrally air-conditioned
office building, one square meter of low emissivity window would
reduce the building's heat gain sufficiently to save $5 worth of electricity
annually. The reduced air-conditioning needs would permit the use of
smaller chillers and associated units, saving more than the initial cost of
the special windows and resulting in a negative cost to conserve energy.

For $10 million, a low-emissivity window -oating plant can be con-
structed with an annual production of 2 million square meters of win-
dows. Over their thirty-year lifespan, these windows would save 4
million Twhe, equivalent to the annual sales of an 800-Mwe power plant
costing more than $1 billion. For about $1 million a plant can be set up to
manufacture windows locally, using rolls of imported coated plastic film.

Source: Lawrence Berkeley Laboratory.
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The peak load can be changed by the utility or energy-supply enter-
prise through aggressive electricity pricing, with rates designed to dis-
courage electricity usage at times of system peak. This pricing strategy
would include seasonal rates, time-of-use rates, interruptible service
rates, and a variety of other options depending on supply and demand
conditions.

DSM can also be used to reduce the growth in overall energy consump-
tion and thus defer the need for additional capacity to meet total de-
mand. This is achieved by working directly with energy consumers and
with energy-using equipment manufacturers to adopt processes, and
adopt or produce equipment, that will result in more efficient consump-
tion of energy. Such options include better building design and insula-
tion; use of more energy-efficient light bulbs, motors, controls, window
coverings, and appliances; manufacture and better maintainance of
more energy-efficient transport vehicles, and so on.

While the first set of initiatives involving electricity pricing must be
carried out by the electricity supplier (and the regulator when there is
one), there are different models for encouraging the adoption of the
second set of options. In fact, a variety of different private- and public-
sector institutional formats have been developed that promote demand-
side energy efficiency and conservation, sometimes in conjunction with
the energy supplier but in many cases independently. All of these
approaches require feedback, from demand-side changes to supply -ide
planning and vice versa. In the U.S., this link between the supply and
demand sides has, in fact, been formalized into a utility-based energy-
service planning process known as Integrated Energy Resource Plan-
ning (IERP-see box 17). Both the IERP model and the various outside
energy-efficiency institution models of many other industrial countries
have had significant successes. No small part of the reason for these
successes is the fact that in many industrialized countries, energy prices
on average come close to reflecting the financial costs of energy (al-
though not always the environmental costs), and the end-use commer-
cial and industrial markets in which energy is consumed are generally
competitive.

Demand-side management in developing countries

DSM is not currently pursued with much intensity in most developing
countries (Singapore and, more recently, Pakistan are exceptions). The
reasons vary from country to country but generally revolve around the
facts that:

* energy prices are low and subsidized;
* end-use markets are not highly competitive;
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Box 17. Integrating Demand-Side Management With
Supply-Side Planning: The U.S. Experience

Historically, U.S. electric power utilities mostly met demand growth by
adding generating capacity. Loads were served as the need arose, with
liffle effort to manage demand. That approach to resource planning stood
in contrast to the practice of industrialized Asian and European countries
with comparable growth rates in electricity demand. Constraints on
power supplies, in particular limited access to fuels, led many industrial
countries to view increases in loads less as needs to be served than as
incentives for shaping loads to fit available resources.

Beginning in the early 1980s, however, pressures from regulatory
comnissions, together with the high financial and environmental costs
of building additional capacity, caused the concept of demand-side
management to begin gaining acceptance in the U.S. Its evolution is part
of a planning process called Integrated Energy Resource Planning. IERP
is primarily a U.S. process whereby utilities and their regulatory com-
missions work jointly to evaluate available demand- and supply-side
options (including purchased power) and determine an optimal energy
service strategy, given econorric and environmental factors. uERP puts all
possible sources for meeting load growth on a "level playing field."
Conservation and other efficiency investments are acquired ina planning
process that uses the same discout rate for these investments as is used
for making supply-side investments. In fact, the essential concept of IERP
is the "equal" treatment, or integration, of energy-based and conserva-
tion-based energy service. Planners attempt to rank by cost all of the
different energy supply and end-use technologies, processes, and pro-
grams that might be used to provide energy services, and implement
them, beginning with the lowest-cost opportunities.

The concept is appealing. IERP is a tool that has been used in the U.S.
to promote energy-efficiency investments as an alternative to capacity
expansion. In the U.S., this is generally performed by the utility. IERP, as
practiced in the U.S., has usually developed in an environment in which
most end users purchase their electricity in a noncompetitive market and
where a strong regulatory regime that can allocate costs and benefits
across consumer groups is in place. For example, if consumers are
charged a price of 8 cents per kWh but the peak cost to the utility is 10
cents, the utility-and presumably the country-can benefit by discour-
aging demand growth and use during the peak period.

Regulatory commnissions encourage the utility to negotiate with cus-
tomers on ways to reduce their overall consumption. The benefits and
costs from this reduction are distributed in various ways among the
utility, the customers, rate payers in general, and the taxpayer. Usually

(Box continues on the following page.)
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Box 17 (continued)

the risks and costs are mostly bome by the rate payers because regulators
have allowed the utility to write off the costs of these demand-reducing
programs against the general rate base. In many of these programs,
utilities use their preferred and sometimes subsidized access to capital
markets to finance equipment and services to eligible customers. There
are a variety of permutations of this approach, but they all require the
utility to identify investments or practices by customers that would
reduce the electricity consumption of consumers and thus avoid new
additions to capacity.

In the United States, implementation of IERP activities is forecast to
reduce electricity demand by about 45,000 MW of generating capacity in
2010 and 90,000 MW in 2030. The net economic benefit would be about
$35 billion for the 1990-2030 period.

* the energy-supply enterprises are weak institutions that have major
difficulties even in supplying energy and collecting bills;

* regulatory bodies do not exist; and
• there is a lack of knowledge about and high-level support for DSM

initiatives on the part of government.
These barriers must all be addressed if DSM is to have a significant

impact on developing countries' energy consumption.
In pursuing DSM initiatives, it is clear that, as in the industrial coun-

tries, developing-country energy suppliers are the ones who must pur-
sue the energy pricing options. In fact, with the strengthening of
institutions, most developing countries, having few explicit or legally-
constrained regulatory policies, can more easily pursue aggressive load-
management programs designed to alter the shape of the prevailing load
curve by reducing peak demand and encouraging a more economical
demand mix. Such programs would include pricing to reflect differences
in time-of-use costs, classes of customer, location, and types of loads.
Pursuit of better DSM pricing policies could yield large gains in develop-
ing countries even where average prices do not yet cover full costs.

With regard to the nonpricing DSM options that require working
closely with energy consumers and equipment manufacturers, the few
developing countries that have seriously pursued at least some of the
available options have largely attempted to create some form of semi-
autonomous energy-efficiency institution not directly associated with
the energy-supply enterprise. How far the more ambitious integrated
planning process, as it has developed in the U.S., can be applied effec-
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tively in developing countries is yet to be determined. In many develop-
ing countries, in addition to a lack of regulatory agencies to police
utilities, low energy prices and poor reliability of service often weaken
the incentives for consumers to respond to DSM initiatives. In concept, a
large part of the potential gains from demand-side management can
come from suppliers' ability to work with some of their larger commer-
cial and industrial customers to agree on complementary actions that
benefit both parties. In many instances, these actions can be specified in
contractual arrangements. However, in many developing countries, the
services of the energy suppliers are so poor that the larger customers

Box 18. Residential Demand Side Management for Thailand

A demand-side management (DsM) assessment was recently completed
for the residential sector in Thailand. The investigation encompassed a
comprehensive analysis of the major residential end uses of electricity:
space cooling, refrigeration, lighting, cooking, water heating, and the
powering of other appliances. The study outlined twenty-three econom-
ically-viable DSM measures that could be achieved through the use of
existing technologies. If fully implemented, these improvements could
reduce annual electricity use by up to 500 Gwh and coincident peak
electrical demand by 160 Mwe during the first year of a residential DSM
program.

The highest potential savings could come from improving the energy
efficiency of refrigerators. Improvements to the insulation and compres-
sors of Thai refrigerators were predicted to reduce electrical use from 400
kWh to below 200 kWh per unit per year. Possible countrywide savings
could be up to 170 Gwh per year if more efficient refrigerators were
introduced into the marketplace. Negotiations are underway with a large
Thai refrigerator manufacturer to produce a high-efficiency prototype
unit for testing and evaluation.

Estimates for residential housing savings were based on replacing less
efficient equipment in existing housing as it is retired from service and
by instituting cost-effective energy-efficiency measures in new construc-
tion. With full implementation over ten years as new buildings are
constructed and inefficient equipment in existing buildings is replaced,
such a strategy could result in cumulative savings of more than 6,000
Gwh and peak reductions of more than 2,000 MW by 2005. For the sake of
comparison, the overall electrical consumption of the residential sector
in 1989 totaled 7,025 Gwh, while Thai households were responsible for
approximately 20 percent of the peak utility load of 7,095 MW.

Source: Florida Solar Energy Center.
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either provide for their own needs or have substantial standby capacity
for meeting the frequent system failures. In the absence of improvements
in reducing the frequency of outages, few of these customers would be
wiDling to rely on contractual arrangements with an electric power
utility.

Also, few energy-supply enterprises in the developing world have the
necessary customer information to begin aggressive non-pricing DSM

programs. Most of them have little or no end-use data, and many do not
even have data on customer use by class. They are also not strong enough
institutionally to undertake such managerially- and administratively-in-
tensive programs. Many power utilities are in serious financial diffi-
culty; they have trouble simply colecting their own bills and operating
and maintaining their systems. As a first step, these utilities will require
substantial institutional reforms, which are now a matter of high priority
in many countries and are the focus of World Bank support. At the same
time, most utilities will also need increased private sector involvement
and concentration on major plant rehabilitations and transmission and
distribution loss reduction programs. They will also need to begin
building a DSM end-use customer database. In the meantime, in many
countries alternative institutional arrangements will have to be pursued
to encourage the implementation of non-pricing DSM options. Some of
these alternative institutional arrangements are discussed in the next
section.

As DSM programs are increasingly put into place, lessons will begin to
emerge with respect to the potential benefits to developing countries of
integrating supply- and demand-side measures. With respect to im-
plementing end-use efficiency, creative solutions are needed to over-
come market and institutional barriers to conservation. World Bank
lending in the energy sector should be based on and, where necessary,
support (as part of country assistance strategies) the development of
integrated energy strategies. These would help borrowing countries take
advantage of all energy-supply options, induding cost effective conser-
vation-based supplies and renewable energy sources.

Energy Efficiency Institutions

In OECD countries, even where energy prices tend to reflect costs and
end-use markets are competitive, it has been demonstrated that infor-
mation programs help narrow the gap between the technical potential
for energy efficiency and current efficiency levels by providing consum-
ers with the technical, economic, and financial information they need to
make decisions on energy consumption. Experience in several develop-
ing (Korea, Tunisia, Pakistan) and developed (Japan, U.K., the Nether-
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Box 19. Conservation Center in Pakistan

The energy conservation center, ENERCON, strengthened under the Paki-
stani Energy Sector Loan, provides a good example of how institutions
can contribute to energy efficiency. ENERCON completed energy audits in
forty-three private-sector industrial plants, where potential average sav-
ings are estimated at about 22 percent of the total energy consumption,
with a payback period of about six months. ENERCON also completed
audits in twenty-seven public-sector industrial plants. A building energy
code was drafted. Forty-three preliminary audits of small buildings and
a detailed audit of a large government office complex were completed.
There were audits of 300 agricultural tubewells and retrofitting of 100 of
them. Also, extensive and successful energy conservation training and
outreach programs were conducted, including seminars and workshops
for about 1,800 participants, and a power plant was rehabilitated. Cur-
rently, efforts are underway to commercialize the highest energy-savings
projects identified by ENERCON.

Source-. Gandhi et al 1993.

lands) countries has shown that an effective way to address some of the
information intermediation and policy barriers to efficiency is to set up
an independent, high-level energy-efficiency institute or resource center
to intermediate the information market. Particularly in developing coun-
tries-where most energy-supply enterprises resist taking responsibility
for end-use energy efficiency and conservation because conservation
conflicts with their objectives of increasing sales and revenues-such
centers or institutes are in some cases best located apart from the major
energy-supply enterprises. If given enough stature, they can begin to
provide checks and balances to the supply-side forces.

Specifically, independent, high-level energy resource center(s) or effi-
ciency institution(s) can serve as the institutional focal point for conser-
vation, efficiency, and alternative fuel initiatives in a country.
Depending on their composition and focus, they could carTy out some
combination of the following demand-side information dissemnination,
technical assistance, and technical and financial intermediation func-
tions:

Infornation dissemination

Disseminate information on technology options, financing, and
successes and failures;
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* Promote and assist with demonstration projects, such as introduc-
ing more efficient light bulbs, motors, building design, window
coverings, and solar and wind power;

* Provide contacts for energy audits; and
* Provide training, information, and advice on loss-reduction tech-

niques.

Technical assistance

* Where energy prices reflect costs, help establish private energy
service companies that share in the profits from loss-reduction or
efficiency-increase initiatives;

* Carry out energy audits when private sector auditors are not avail-
able;

* Help government or the regulatory authorities draft codes and
standards for buildings, refrigerators, air conditioners;

* Identify and lobby against macroeconomic and sectoral barriers to
successful conservation and alternative fuel initiatives (import du-
ties or restrictions on more efficient technologies, foreign exchange
controls, protected industries that engage in cost-plus pricing, etc.);
and

* Serve as a focal point for drawing on energy-efficiency technical
assistance from bilateral aid agencies, NGOs, and programs such as
ESMAP.

Technology intermediation

* Promote technology intermediation: identify technology needs or
opportunities in the country and put outside business firms that
use or offer upto-date, efficient technologies in touch with compa-
nies that need technology assistance; and

- Provide an intermediation function for energy-service companies.

Financial inter-nediation

e Receive, appraise, and bundle labor-intensive, low-capital-require-
ment, efficiency, conservation, and alternative-fuels projects for
potential World Bank, commercial bank, and other donor funding.

Bank-financed projects have included support for the establishment
of energy conservation centers, the strengthening of existing institutions
to promote conservation, and technical assistance for energy efficiency
surveys and energy audits. The Bank has supported energy conservation
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Box 20. Eastem European Efficiency Centers

Four energy efficiency centers are now in operation to encourage conser-
vation in the emerging democracies of Poland, the Czech and Slovak
Republics (formerly Czechoslovakia), and Russia, which rank among the
least energy-efficient countries in the world. The Czechoslovak Center
for Energy Efficiency (Prague) was founded in December 1990, the Polish
Foundation for Energy Efficiency (Warsaw and Katowice) was created
in January 1991, and the Russian Center for Energy Efficiency (Moscow)
was recently registered in January 1992.

The efficiency centers were founded to help these countries achieve
economic development and environmental protection by promoting
energy efficiency. The centers are designed to tap regional expertise and
draw on international experience to advise high-level energy policy
makers and implement energy-efficiency measures on a broad scale.
Each center is a non profit, independent institution run by recognized
local experts in the area of energy conservation. They employ scientists,
economists, and engineers to encourage energy efficiency through:

* policy analysis and support
* joint-venture development
* training and demonstration
* public education services
During the first year of operation, the Polish and Czechoslovak cen-

ters: facilitated adoption of least-cost utility planning as an official gov-
ernment policy (Poland); drafted an appliance energy labeling system;
developed an efficient lighting project (Poland); produced a television
series on energy-saving measures in households (Poland); prepared
popular and technical articles on energy conservation for "Universe" and
"Green Slovakia" (Czechoslovakia); initiated an energy-efficiency tech-
nologies database (Czechoslovakia); and presented policy advice to par-
liament (Czechoslovakia).

Priority activities for 1992 in all three countries include:
* investment analysis and partnership identification to create links

between local and Western firms interested in cooperating in the
area of energy efficiency;

* analysis of potential energy-saving technical projects, such as
producing energy-efficient compact fluorescent lamps, and eval-
uating efficiency of district heating systems;

* establishing a database on technology and energy-efficiency mea-
sures to facilitate joint initiatives; and

* energy conservation legislation to advise policymakers on en-
ergy-resource pricing, conservation potential, and mechanisms
for implementing energy-saving measures.

Source Battelle, Pacific Northwest Laboratories.
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institutions in a number of countries, including Argentina, Bangladesh,
Barbados, Brazil, Cyprus, Hungary, India, Indonesia, Korea, Pakistan,
Portugal, and Senegal. These institutions were created or supported
through a variety of instruments, including SALs, energy sector loans,
various types of energy projects, industrial energy conservation projects,
and refinery projects.

The success of World Bank efforts to promote energy efficiency
through dedicated efficiency institutions is related to a country's energy
prices, the existence of competitive markets, government attitude,
credibility, and consistency of policies, and the scope of the efficiency
institutions mandate. In countries where governments have sought
World Bank assistance in developing or strengthening broad-scope
national institutions and have given them high priority and visibility,
such as in Pakistan (ENERCON) and Korea (KEMco), projects have been
successful. In cases where govermnent did not follow through on sup-
port fo:r institutional development or where the energy conservation
center was a relatively minor player in a larger government unit, there
were varying degrees of failure. For example, while a primary objective
of the Cyprus government was to wean the country from its near total
dependence on imported fuel with the aid of an energy planning and
conservation project, the government gave the organization in charge of
energy planning and conservation a relatively minor role in
decisioimEaking and then abandoned the reform efforts when oil prices
started to drop.

Private-sector energy-service companies have been slow to take off in
developing countries. While the concept of hiring such a company to
undertake an energy audit of a business firm, implement the highest-re-
turn energy-saving measures, and share in the resulting energy savings
is appealing, several barriers exist. Not least of these are subsidized
energy prices and the inadequacy of the legal and contracting frame-
work in many countries. Another is the shortage of trained technical
personnel to staff energy-service companies.

In a few of the higher-income, more advanced developing countries,
possibilities may also exist for instituting some form of integrated en-
ergy-resource planning that institutionalizes the review of demand-side
options in routine energy-supply planning. Experience suggests, how-
ever, that in many countries this will be a difficult task Many of these
energy-supply enterprises have major problems managing their supply
business without undertaking administratively-intensive consumer-
support programs. In general in a developing country context, it may
sometimes be better to channel this type of support through a dedicated
energy-eifficiency institution operating in conjunction with both the
energy-supply companies and the private sector.
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Box 21. KEMCO: A Multidimensional Energy Efficiency
Institution

The Korea Energy Management Corporation (ICEMCO) was established in
1980 by the National Assembly of the Republic of Korea to encourage
energy-efficient development of the national economy. KEMco employs
more than 600 staff, and its budget has quadrupled in ten years, from $5
million in 1981 to $20 million in 1990. The corporation is entirely govern-
ment-owned but receives only 30 percent of its budget from the national
govermnent. The remainder is provided by revenues from its services to
residential, commercial, and industrial consumers.

KEmCO has a wide range of programs underway in all of the major
end-use sectors. Its ten-year experience is unique among developing
countries, permitting it to pursue advanced energy-efficiency concepts,
from research to implementation and evaluation. KEMCO's current port-
folio includes:

* energy audits and technical assistance programs;
* financial assistance, through the administration of dedicated

monies from the National Energy Rationalization Fund (gener-
ated from taxes on imported energy);

o promotion of co-generation and district heating projects;
* support of energy-conservation R&D activities;
* provision of general education, training, and information ser-

vices;
* inspection and approval of energy-using equipment and materi-

als; and
* promotion and utilization of new and renewable energy sources
To date, KEMCO's industrial, co-generation, and district heating pro-

grams are estimated to have produced economic savings of more than
$3.5 billion. KEMCO offers a valuable model to newly-industrializing
Asian countries that want to establish an energy-efficiency institution.

Source: Byrne et al 1991.

Standards and Codes

Another important aspect of a country's regulatory framework is mini-
mum appliance and vehicle standards and building codes. In OECD

countries, regulations and standards have been widely applied to appli-
ance manufacturing and to thermal standards in the buildings sector and
more selectively by imposing an up-front capacity charge on building
designers equal to the additional capacity cost that the building will
impose on the utility systems. However, there is still scope for further
regulatory action to promote energy efficiency. For instance, vehicle fuel
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Box 22. Improved Stoves: Problems, Benefits, and Solutions

The modem, efficient biomass stove is an important step toward self-suf-
ficiertcy and a higher standard of living for the millions of people who
have access to low-cost, readily available biomass fuels. Fuel savings
from improved stoves can reduce cash outlays, diminish walking time
to collect fuel, reduce air pollution released into the environment, and
alleviate local pressure on wood resources.

In light of the benefits of improved stoves, the question can be asked
why adoption rates have been so poor. Early programs assumed that if
improved stoves were presented to people, they would quickly be
adopted and the intervention would lead to self-sustaining programs.
There are several reasons why this often did not happen. One was the
uncritical belief that efficiencies obtained in laboratories would translate
into efficiency in the home. Also, some programs introduced stoves into
regions where people did not buy either the stove or the fuel, an obvious
failure of identifying the market for the stove. Price was also a significant
barrier to adoption, especially in areas where there was little cash for
stoves or fuel. Donors in many cases gave short-term funds rather than
the sustained, longer-term funding that the programs needed.

An example of the benefits of improved stoves is the program in urban
Rwanda, where stove adoption has been high. Three years after the
project started, about 25 percent of households in the capital were using
improved stoves. One reason for the success was that the charcoal price
in Rwanda was relatively high. As a consequence, the potential savings
from an improved stove were dramatic; the stove can pay for itself in fuel
savings in less than one month. Also, the stoves could be purchased in
every market outlet and in many general stores.

The success in Rwanda provides some lessons. First, the programs that
are successful have focused on groups of users that would most likely
benefit from improved stoves, including those paying significant
amounts of money for fuel and those who must walk long distances to
collect fuel. Subsidies for the stoves themselves do not seem particularly
effective since they create an artificial demand for the stoves, which may
not actually be used by the household. However, external support for
such activities as testing laboratories or consumer surveys can be suc-
cessful. Programs are more effective if there is significant interaction
between those who design the stoves, those who produce the stoves, and
those who are going to use the stoves.

Source. Barnes et al 1992.

efficiency standards have so far been applied or set out as recommended
norms only in a few countries-Australia, Canada, Jordan, the U.K., and
the U.S.
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Where regulation is necessary, it should, wherever possible, employ
economic incentives to achieve its goals rather than attempt to legislate
behavior without changing the underlying structure of private incen-
tives. Nevertheless, in developing countries where information costs are
high and numerous other market barriers exist, promoting end-use
efficiency among the large number of geographically-dispersed com-
mercial buildings and small-scale consumer groups through building
codes, upstream standards for manufacturing, and importing such ap-
pliances as refrigerators and air conditioners, may be the preferred
approach. Such programs usually have a relatively small investment
component but require a large and sustained technical assistance effort
over the long term. In most cases, public institutions will have powers
to enforce codes and standards, but considerable scope exists for ex-
panding the participation of consumers and the general public.

If standards are to be set, laboratories will be required to measure
standards; producers, consumers, and governments will have to agree
on acceptable standards; and the institutional mechanisms will have to
be strong enough to support the enforcement of those standards. Lack
of agreement and weak enforcement mechanisms have been serious
impediments to the effectiveness of past efforts to improve the efficiency
of buildings, electric motors, and consumer appliances.

Technology Transfer and More Efficient Fuel Use

These two components comprise a fourth set of initiatives to improve
directly the efficiency with which energy is produced and consumed and
to reduce the financial, economic, and environmental costs of energy
production and consumption.

With regard to improving energy efficiency and reducing financial
and economic costs, there is the technical potential for large efficiency
gains using technologies that are readily available. For end uses such as
refrigeration and lighting in the household and commercial sectors,
improvements of 30 to 70 percent are technically possible. There is a
somewhat lower potential for space conditioning (indoor-climate con-
trol) and water heating, although improvements in the shell of new
buildings show substantial pronidse. Technical changes could contribute
to significant improvements in the fuel economy of road transport
vehides, on the order of 15 percent, although achieving greater effi-
ciency, on the order of 30 to 50 percent, would require significant
modifications in vehide attributes. Technological improvements are
also possible in a variety of industrial processes and for a range of
cross-cutting industrial technologies, although their potential varies
case-by-case. For instance, in developed countries it has been estimated
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Box 23. Transport Energy Savings

The ('hilean Urban Streets and Transport Project focused more on energy
conservation than has any other Bank transportation project. It included
construction and evaluation of a pilot segregated bus/tramway in San-
tiago to demonstrate cheaper alternatives to future expansion of the
metro system; construction and evaluation of a pilot bikeway; and
traffic-management measures, such as bus priority lanes in Santiago,
Concepci6n, and Valparaiso to reduce congestion and pollution.

The project was designed to reduce deterioration of the urban street
infrastructure, improve the cost effectiveness of maintenance, and
greatly reduce vehicle operating costs by implementing pave-
ment/maintenance management systems throughout the country. Of
course, while the Chilean Urban Streets and Transport Project provides
great expectations, it is too early to tell whether these will actually lead
to tangible results, given that actions have to be taken by various munic-
ipalities that were not party to the original agreements with the Bank.

Source. Gandhi et al 1993.

that curriently available improved industrial motor systems can save 30
percent over current levels. The potential savings in developing coun-
tries would be far higher.

The reasons technology transfer and economically-justified fuel
switching do not occur more rapidly are the same reasons discussed in
this paper for overall poor energy efficiency on both the supply and the
demand side. There is, however, another facet to the energy technology
transfer issue in developing countries-how to reduce pollution. As
pointed out in chapter 3, improved efficiency in energy production and
consumption will help, but the decisive measures are abatement tech-
nologies and the policies that bring these technologies into use. The
significant policies include using such environmental taxes and regula-
tions as an incentive for the energy industry and its consumers to adopt
deaner fuels (such as gas) and clean fuel technologies (such as particu-
late emission controls, and, where merited, scrubbers or advanced com-
bustion technologies).

Technological advances have put developing countries in a better
position to reduce all forms of pollution from electric power generation
than the industrial countries were in as recently as twenty years ago. In
industrial countries the capital stock takes about thirty years to turn
over, and retrofitting is costly. Because developing countries are making
new investments, they have the opportunity to install less polluting
plants right away. Employing economic and institutional reforms to
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Box 24. Efficient Resource Allocation

If an objective of World Bank policy is to improve the allocation of
resources in developing countries-including nonpriced environmental
resources-Bank policy should ensure that energy conservation is effi-
cient. An energy-conservation investment is economically efficient if the
cost of reducing the demand for a unit of energy is no greater than the
cost of supplying that amount of energy. If one accepts the objective of
improving the allocation of resources, the desirable level of investment
in energy conservation must therefore be that amount at which the cost
of avoiding the need for a unit of energy is just equal to the cost of
supplying that unit-where cost is taken to mean the full social costs,
including the environmental costs.

It is important to emphasize that the economnically-efficient level of
investment will be less than the level that is technically achievable. Not
all energy savings that can be achieved are actually worth achieving. This
means that the Bank must also be careful about setting physical targets
for energy efficiency. It is difficult to estimate the magnitude of econom-
ically-efficient energy savings, for that will depend on how consumers
and businesses respond to improved signals; and behavioral responses
of this kind are difficult to predict. Govermnents must first concentrate
on making certain that the signals are right rather than on attaining a
particular arbitrary level of efficiency.

improve the efficiency with which fossil fuels are used and progressively
adopting environmentally-beneficial technologies not only reduce local
pollution appreciably but also improve economic efficiency.

But using cleaner fossil fuels, more energy-efficient technologies, and
improving overall energy efficiency will not by themselves solve the
long-term problem of stabilizing or reducing carbon dioxide accumula-
tions in the atmosphere. That would require a much greater use of
nuclear or renewable energy. While the relative costs of nuclear power
have increased, developments in renewable energy in the 1970s and
1980s-in solar, wind, and biomass energy, in particular-have led to
remarkable cost reductions in these technologies. There is now a grow-
ing awareness that renewable energy is an abundant resource that
increasingly can be harnessed.

Greater Focus on Energy Efficiency in Transport

Another area of potentially large energy savings is the rapidly growing
transport sector. The annual oil consumption in developing countries is
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estimated to be 833 mtoe, of which about half is used in vehicles. Due to
its dependence on liquid fuels, the transport sector has now become a
significant burden on the balance of payments of most oil-importing
countries. Fifty percent, or $74 billion, of the energy bills for these
countries in 1988 was for transport.

Road transport is particularly sensitive to changes in the oil market
situation, since it is one of the key sectors that is likely to be dependent
on petroleum products for many years to come. Thus, efforts to achieve
efficient use of oil-based fuels in road transport are of continuing import-
ance in most developing countries. This issue is even more serious in
non-oil-producing developing countries, where road traffic uses a
greater share of total imported oil than it does in developed countries.
On average, road transport in developing countries consumes 82 percent
of total transport energy. Likewise, the share of energy consumed by the
transport sector is usually greater in developing than in developed
countries. Transport accounts for 15 percent of total energy consumption
in the European Community, 26 percent in the U.S., and between 30
percent (Kenya) and 50 percent (Sri Lanka) in developing countries,
many of which still use a combination of traditional and modern trans-
port technologies. Within the road subsector, cars consume about two-
thirds of the energy in the developed countries and much less in
developing countries. In the latter, buses and trucks frequently account
for more than 70 percent of energy consumed on the road, as opposed
to 20 to 25 percent in developed countries.

In both developed and developing countries that rely heavily on
non-motorized vehicles, transport energy use is a smaller share of total
energy use. In South and East Asia, where nonmotorized vehicles are in
substantial use, transport accounts for 24 percent of energy use. In China,
the transport share of total energy use is only 7 percent, in part due to
long-term policies favoring energy-efficient nonmotorized and rail
transport. The EC enjoys more energy-efficient transport than the U.S.,
due in part to its generally greater reliance on walking, cycling, and
public transport. Africa's high transport energy share of 40 percent can
be attributed, in part, to the absence of intermediate and nonmotorized
vehicles as options to fill the niche between walking and relying on
buses.

In the cities of developing countries, motorized vehicles are a signifi-
cant source of airborne toxic pollutants, accounting for up to 95 percent
of lead emissions. Three factors make pollution from vehicles more
serious than in industrial countries. First, many vehicles are in poor
condition, and lower-quality fuels are used. Second, motor vehicles are
concentrated in a few large cities. In Mexico and Thailand about half the
vehicle fleet operates in the capital city, and in Brazil a quarter of the fleet
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Box 25. Supply-Side Reforms

The Bank policy paper on electric power, The Bank's Role in the Electric
Power Sector: Policies for Effective Institutional, Regulatory and Financial
Reform (1993), outlines an approach that can be more broadly applied to
much of the energy sector. The guiding principles for the Bank set out in
that paper are:

• A requirement for all power sector loans will be explicit country
movement toward the establishment of a legal framework and
regulatory processes satisfactory to the Bank. To this end, in
conjunction with other economywide initiatives, the Bank will
require countries to set up transparent regulatory processes that
are dearly independent of power suppliers and that avoid gov-
ernment interference in day-to-day power company operations
(whether private or publicly owned). The regulatory framework
should establish a sound basis for open discussion on power-sec-
tor economic, financial, environmental, and service policies.

* In some of the least developed countries, the Bank will assist in
financing importation of power services to improve efficiency.

* The Bank will aggressively pursue the commercialization and
corporatization of, and private sector participation in, develop-
ing-country power sectors.

* The Bank will focus lending for electric power on countries with
a clear commitment to improving sector performance in line with
the above recommendations.

* To encourage private investment in the power sector, the Bank
will use some of its financial resources to support programs that
will facilitate the involvement of private investors.

operates in Sao Paulo. Third, a far larger percentage of the population
moves and lives in the open air and is thus more exposed to automotive
pollutants.

The poor are usually the most affected. They and their children are
more likely to walk than to ride, and they are thus exposed to noxious
fumes and to lead, which is known to affect mental development and
the neurological system. Lead and other pollutants also contaminate
food in open-air restaurants, which are frequented by the poor. The lead
problem is being tackled effectively and relatively cheaply in some
countries; concentrations have gone down 85 percent in the U.S. and 50
percent in Europe over the past two decades. World Development Report
1992 describes how lead emissions from vehicles in developing countries
could rise fivefold over the coming few decades-or could fall to negli-
gible levels. Policy choices account for the difference.
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With respect to the energy efficiency of motor vehicles, this will not
only require standards (often a blunt, command-and-control impera-
tive) but also greater efficiency in taxation, including the possibility of
taxes on vehide fuels. In Europe and Japan, taxes on gasoline, for
example, range from $3 to $4 per gallon, while in the U.S. and in many
developing countries, taxes are relatively low (in some countries the fuel
is subsidized). European taxes on diesel fuels are lower, but still greater
than in the U.S. and most developing countries. As a result, it is not
surprising to find that the average fuel efficiency of vehicle fleets in
Europe and Japan is up to 50 percent higher than in the rest of the world.

Until the mid-1980s, the objective of improving road capacity was
frequently addressed in Bank transport projects through traffic manage-
ment, without mention of fuel efficiency-although the former usually
leads to the latter. Approaches to traffic management include segrega-
tion of motorized and nonmotorized traffic, encouragement of the wider
use of bicycles and development of special facilities for them, creation
of vehicle-free precincts for pedestrians, incentives for greater invest-
ment in and use of public transport, incentives for higher vehicle-occu-
pancy rates, and parking controls. Schemes of this kind can reduce
vehicle fuiel consumption in metropolitan areas by more than 30 percent.
Cities in China, Ghana, Indonesia, Japan, and the Netherlands are all
considering such schemes, with a greater emphasis on nomnotorized
traffic and pedestrian facilities.

Traffic can also be restricted through quantity-based measures, such
as the area traffic bans based on license plate numbers introduced in
Athens, Mexico City, and Santiago. These, however, are only stopgap
measures and can sometimes make the situation worse, since the people
with higher incomes simply purchase a second vehicle, and a market for
fake license plates develops. A third possibility is some form of conges-
tion pricing, such as area licensing, access fees to city centers, higher fees
and taxes on parking during business hours, and electronic road pricing.
Despite the very successful example of the Bank-financed Singapore
Area Licensing Scheme, congestion pricing thus far has been more dis-
cussed than implemented.

Any measure that supports the faster movement of traffic, particularly
public transport, can result, at least in the short run, in energy savings.
This is indeed a focus of the Bank's urban transport activities. In contrast
to the U.S., where less than 10 percent of all trips are on mass transport,
in the developing world this figure in many instances exceeds 80 percent,
with buses on public streets being the most common transport mode.
Improving the energy efficiency of bus transport rests partly on the
efficient operation and maintenance of the buses but, more important,
on the traffic they must face on the roads.
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Finally, World Bank projects have shown that in the transport sector,
particularly with regard to roads, fuels will tend to be used inefficiently
if one or more of the following conditions applies: fuel prices are below
border prices; there are distortion-causing price differentials among
substitutable fuels (gasoline, diesel, kerosene); vehides or roads are
poorly maintained; there are a large number of old vehicles; or traffic is
poorly managed (avoidable congestion, wide variations in speed). To
address these issues more explicitly, Bank transport project appraisals
could routinely compare all fuel prices with border prices; examine price
differentials and consider steps to prevent fuel mixing or the substitution
of diesel cars for gasoline cars; describe efforts, such as vehicle inspec-
tion, to improve vehicle and road network maintenance; describe efforts
to discourage the purchase of high fuel-consumption vehicles through
differential taxes or license fees; report steps taken to liberalize the
importation of more efficient engines or vehicles; and describe efforts at
traffic management, including implementing bus lanes, congestion
charging, and perhaps bicycle paths.

Bank urban projects have also shown that one of the problems in
improving efficiency in the transport sector is that city layouts are not
planned, nor do people select where they live and work solely on the
basis of minimizing transport or energy costs. In fact, to date there is not
a consensus about how to approach urban planning in developing
countries or how to solve the transport problem. In any case, the tools
available to influence the outcome of the urbanization process are lim-
ited, and their application is subject to political, institutional, and eco-
nomic uncertainties.

The Bank is committed to assisting countries in dealing with problems
of urban areas and transport in particular. The issues and approaches
advocated by the Bank are well set out in Urban Transport: A World Bank
Policy Study (1986), and in Urban Policy and Economic Development: An
Agenda for the 1990s (1991). Before new or different country policy and
strategy prescriptions can be made, more analytical work needs to be
undertaken on energy efficiency issues in transport.
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Strategy for the World Bank

I-

There is now a congruence of several forces in the developing world that
makes timely the formulation of a strategy to address energy efficiency
and conservation issues better. Today many countries are becoming
more receptive to reforming the way energy is produced and consumed
as they experience converging pressures from (see chapters 3, 4, 5):

* rapidly growing demand for energy
* major constraints on available energy financing
* increased pressures to sustain the environment
- poor energy-sector performance and unsatisfied customers
* reappraisal of the roles of govermments and the public and private

sectors in development
Because these factors are forcing developing countries to address

long-neglected issues of energy wastage in production and end use, the
Bank now has an opportunity to focus further on improving develop-
ing-cotntry energy efficiency and conservation policies and practices.

The Bank will continue its efforts toward increased lending for com-
ponents to improve energy efficiency and promote economically justi-
fied fuel switching (see chapter 2). In addition, however, in taking
advantage of the increased receptivity of many developing countries to
efficiency issues, the Bank will sharpen its focus by undertaking the
following four-point program:

(i) Togain greater country commitment, the Bank will better integrate energy
efficiency issues into its country policy dialogue so that they can be addressed
at an earlier stage.

In the Bank's general country policy dialogue with developing coun-
tries, greater emphasis will be given to energy pricing and to fundamen-
tal institutional and structural factors that affect supply- and

70
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demand-side energy efficiency. The Bank will assistborrowing countries
to develop integrated energy strategies that give consideration to both
supply-and demand-side measures. These integrated strategies will also
consider unconventional renewable options, incorporate enviromnental
considerations, and include a long-term capital mobilization plan. The
energy sector is a candidate for greater attention because of its size, its
strategic role in the growth process, and its major environmental im-
pacts.

The Bank will give greater prominence to energy-pricing issues in the
general country dialogue and will continue to encourage developing
countries to move vigorously toward a system of private firms operating
in competitive markets in their commercial, industrial, and household
sectors. The Bank will continue to encourage governments to eliminate
protectionist policies, divest themselves of monopoly enterprises, elim-
inate barriers to free trade, reduce foreign exchange premiums, and
move toward eliminating discriminatory energy taxes and subsidies. It
is recognized that there are many competing claims for attention in the
country policy dialogue and that not every issue can be addressed at the
same time. In many cases, however, the adjustmnent process has reached
the point where a greater focus on these issues is warranted. Energy
efficiency is a high priority area where, at the policy level, the Bank has
a dear comparative advantage to act.

(ii) The Bank will be more selective in lending to energy supply enterprises.
Governments should clearly demonstrate that they are putting in

place structural incentives that will lead to more efficient energy supply
and consumption. The Bank will not continue to finance energy-supply
projects where poorly performing and highly polluting public energy
enterprises and their governments are unwilling to carry out fundamen-
tal structural reforms that could significantly improve the ways they do
business.

Reducing pollution from electric power production requires both
improvements in efficiency and investment in abatement. The Bank will
draw on its extensive experience in working with energy-supply enter-
prises to assist governments in developing an institutional structure that
can, by promoting efficiency and compliance with environmental stan-
dards, respond effectively to changes taking place in the macroeconomic
environment. The rapid growth of energy demand, even under the most
optimistic of efficiency scenarios, will call for substantial new additions
to capacity. In contrast to the developed countries, where growth rates
are much lower, these additions in developing countries will form a
larger and larger part of the supply stock. It is particularly important to
ensure the efficient operation of this new, as well as the old, capacity.
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Developing a more responsive institutional structure will not be an
easy or quick task. Significant changes will be required in the way
goveimnents do business in the energy sector. A new system of gover-
nance needs to be developed and applied in the regulation and manage-
ment of energy enterprises. The thrust will be to encourage the
development of energy-supply enterprises that will respond-to pricing
and competitive pressures in ways that will improve the environmental
and overa1l energy efficiency not only of the enterprises but of the
economy as well. Increased private-sector participation will be encour-
aged. At the enterprise level, it is important to define clearly the respon-
sibility for energy efficiency and to convince management that energy
efficiency is a profitable use of management time and investment re-
sources. Where local expertise is not available to restructure and set up
regulatory mechanisms, the Bank can provide funding for technical
assistance to shepherd movement in the desired direction.

(iii) Approaches for addressing demand-side management and end-use en-
ergy intermediation issues will be identified, supported, and given high-level,
in-country visibility.

The Bank will increase its efforts to improve intermediation in the
energy and industry information markets in developing countries to
reduce the relatively high information, management, technology, and
financing transactions costs. There is a role here for both the public and
private sectors. As the gap between the cost of energy and the price at
which it is sold is reduced or eliminated, market intermediaries will
increasingly be able to eam a profit through arbitration of information,
technology, financing, and management assistance. The Bank will play
a role by identifying, supporting, and financing both public- and pri-
vate-sector initiatives that can serve the intermediation function and
pursue DSM objectives.

In some countries with more efficient monopoly power utilities, the
utility-based Integrated Energy Resource Plan model might be pursued.
In other countries, the initial model could be some form of utility
subsidiary or the dedicated energy-efficiency institution structure out-
lined in chapter 6, or both. The public- and private-sector institutional
framework and home(s) for demand-side end-use energy initiatives
should be determined during project appraisal. A variety of different
public and private-sector options are available, depending on existing
country conditions. The point is that along with addressing the funda-
mental energy pricing, end-use market competitiveness, and supply-
side restructuring issues, demand-side management and market
information, process, and technology-intermediation functions must
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also be addressed within some form of specified institutional frame-
works in the country.

If a form of semi-autonomous dedicated energy-efficiency institution
is chosen, the Bank can assist with the initial terms of reference and the
financing of such efficiency institutions or resource centers and with
bringing international expertise to the institutions for twinning and for
training of staff. Ultimately the Bank can lend funds to the institutions
to support commercially viable energy savings and fuel-switching activ-
ities or programs that are approved and bundled by the institution(s).
Other possibilities are to support information intermediation of com-
mercial energy efficiency or fuel-switching initiatives through industry
or trade associations or through some form of existing financial-inter-
mediary institutional structure.

A key to the success of any energy efficiency institution is that after it
becomes established and accepted, it should have an objective of at least
breaking even financially. Whether this objective is achieved through
government payments for specific services, fees, profit sharing, or at-
tracting nongovernment industry or utility payments does not matter.
The point is that financial discipline will help focus such institutions on
initiatives that yield the highest returns and will force the institutions to
work closely with energy suppliers, manufacturers, and private-sector
energy consumers. However, public-sector institutions should not di-
rectly compete with the private sector in areas where the private sector
can and does provide energy services effectively.

Finally, it is worth noting that developing countries do not need large
capital investments to improve intermediation in the energy and indus-
try information markets. Intermediation efforts, most of which are tar-
geted at improving end-use energy efficiency, primarily involve policy
and institutional initiatives relating to the information dissemination,
technical assistance, and financial and technical intermediation func-
tions noted in chapter 6. These initiatives are highly labor intensive,
require relatively little in the way of capital, and should be carried out
with major participation by developing-country personnel and the pri-
vate sector.

Substantial amounts of capital might be required, however, for efforts
to upgrade and retool industries and to establish new industries that
produce more energy-efficient appliances, motors, controls, and so on.
Presumably, most of this technology will be mobilized as a result of the
information and technology intermediation process and will be financed
by the private sector through direct investment or joint ventures with
industrial-country firms.
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Box 26. Hypothetical Energy Efficiency Institutional
Structure in a Developing Country Energy Sector

Governmentl
regulator Energy utility/supply companies

* Create enabling environment * Load management tariff structure

* Competitive end-use markets * DSM mcentive programs

* Eliminate/reduce import and joint * Informationprograms
venture restrictions processes

technology
audit information

* Supply and demand side
transparent rules of the game

* Supply side restructuring

* Codes and standards

IERP
* Laise with manufacturers

* Advocate and promote energy * Intermediateinformation
efficiency technology financing

* Identify and address barriers

Semi-autonomous efficiency institution(s)

(iv) The Bank will give greater attention to the transfer of more energy-
efficient and pollution-reducing technologies in its sector and project work.

For all sectors, including basic materials-processing industries, the
Bank will actively monitor, review, and disseminate the experience of
new efficiency-enhancing supply-side and end-use products, technolo-
gies, and processes, and deaner and pollution-abating technologies as
they are developed and reach the marketplace; help finance their appli-
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Energy Private energy service companies/equip-
consumers ment suppliers

* Businesses create incentives for * Identify opportunities and
managers implement cost-effective measures

* Make decision to install cost- * Installation management on behalf
effective energy efficient of customer
technology

/ * Audits \
* Process improvements

* Retrofits

* Maintain database * Bundle projects for World Bank
* NGO liaison point financing
* DSM demonstration projects

Semi-autonomous efficiency institution(s)

Note The two triangles contain functions that could be shared by or allocated
to any of the three institutions bordering on them.

cation; and encourage the reduction of barriers to their adoption. Staff
working in all sectors will explicitly review technology options during
project appraisals and in sector work. Cost effectiveness in pollution
abatement is a required goal of policy, and the best mix of energy-effi-
dent and pollution-abatement technologies will need to be found.

Historically, technical advances have led to large reductions in the
amounts of energy required for any given purpose. But because costs
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also declined commensurately and because they were associated with
far-reaching innovations, they were a source of expansion for the energy
industry, not of contraction. Innovations in other fields and the growth
of incomes and economic activity led to an almost endlessly increasing
array of applications of commercial energy, compounding the effects of
cost reductions via efficiency improvements on the industry's expan-
sion. Examples can be found in alL fields and in every decade of the past
three centuries.

As outlined in World Development Report 1992, policies to mitigate the
effect on the environment of energy production and consumption take
two complementary approaches. The first uses economic instruments
and institutional reforms to encourage the more efficient use of energy.
Following from this, the second approach is either to develop technolo-
gies that reduce the poDLuting effects of conventional fuels or to use less
polluting substitutes. The costs of pollution from industry, energy, and
transport are already high and will grow exponentially if these problems
are neglected. Encouraging energy conservation is a helpful first step in
tackling pollution, but it cannot solve the problem alone. The effects of
rising populations and incomes will soon swamp any reductions in
demand per person. It is thus absolutely essential to reduce emissions
per unit of production. This requires investment in new equipment and
the development of new technologies.

Many developing countries, in fact, have a disproportionately high
level of older, inefficient, and more polluting capital stock in all sectors.
Partly because of low growth in the 1980s, turnover rates of capital stock
have been low. This, together with the forecast of rapid growth in energy
demand from relatively low levels, means that newly-installed supply-
and demand-side equipment wiDL be significant additions to existing
capital stocks. Each new investment offers an opportunity to incorporate
cost-effective pollution control. In ten years' time, new plants will ac-
count for more than half of the industrial output of developing countries
and in twenty years for practicaLLy aDL of it. Thus, poLicies that lead to the
adoption of a proper combination of low-waste processes and end-of-
pipe controls should permit developing countries to reduce emissions
from large industrial plants (as output expands) at a lower cost than is
being incurred by industrial countries.

It is weDl known that available technologies in most sectors and for
most purposes show widely different energy use levels for the same
energy service, while not showing large differences in overaLL cost. As a
result, there is the need to put in place policies, legislation, mechanisms,
systems, institutions, and incentives that facilitate technology transfer
and encourage the use of the most efficient competitive technologies. It
can be argued that the actions discussed in this paper to bring the
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efficiency with which energy is produced and supplied in developing
countries up to OECD standards constitute a difficult and lengthy process
and that they will have only a one-time impact. Greater long-term
potential for major improvements in the conversion of energy into
environmentally-benign economic output lies in incentive structures or
processes that channel new investment into the most up-to-date and
efficient competitive technologies.

The most significant actions to bring about technology transfer in a
developing country context have already been outlined in this paper.
Nevertheless, other initiatives such as joint ventures, increased private
sector participation, additional information dissemination, and putting
in place energy-efficiency building codes, appliance manufacturing
standards, and enforcement mechanisms, can be encouraged. Institu-
tional barriers to the development of natural gas with low-cost, high-ef-
ficiency combined-cycle technology should also be targeted. Existing
and emerging pollution abatement technologies should be identified,
and policies, regulations, and taxes put in place to bring about agreed
abatement levels. Over the next decade, many new energy-efficient
technologies and processes, which are only now emerging, will become
commercial. It is important that their transfer to developing countries
take place in a timely manner.

While not directly part of an energy conservation or efficiency focus,
the process of promoting energy efficiency should also include identify-
ing opportunities for the economic development of alternative fuels such
as mini-hydro, photovoltaics, and wind energy. Such alternative fuels
options should be publicized and made available to the private sector.

The Bank has much experience with alternative energy, having fi-
nanced numerous smaller alternative energy components in larger pro-
jects. The ESMAP program has also been involved in considerable
renewable energy work, and more recently the FINESSE program (Financ-
ing of Energy Services for Small-Scale Energy Users) has been institu-
tionalized in the Bank as the Alternative Energy Unit in the Asia Region.
The Latin American and Caribbean Region is considering a similar
action.

Endnotes

1. For purposes of simplifying the discussion, the terms energy effi-
ciency and energy conseruation are used interchangeably in this paper.
Both are assumed to refer to the efficient production and use of energy,
as in providing the same level of productive output with less energy and
energy investment. They do not refer to sacrificing the benefits of energy
services.
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2. All dollar figures are U.S. dollars unless otherwise indicated.
3. Imran and Barnes, Energy Demand in the Developing Countries: Pros-

pects for the Future.
4. World Bank Industry and Energy Department, Tlhe World Bank's Role

in the Electric Power Sector: Policiesfor Effective Institutional, Regulatory, and
Financial Reforn.

5. This section draws heavily on The World Bank's Role in the Electric
Power Sector: Policies for Effective Institutional, Regulatory, and Financial
Reform (1993). This section may be skipped if the reader is familiar with
that paper.



Appendix. Guidelines Used to Identify Bank
Projects With Energy Efficiency Components

I

A preliminary review of some 1,500 World Bank Staff Appraisal Reports
(SARs) was undertaken in an attempt to identify projects with energy
efficiency components. The initial guideline used in screening projects
for energy efficiency components was: does the component explicitly
target energy efficiency, and will it result in a favorable change in output
per unit of energy input. In reviewing projects it was dear that exactly
what constitutes an energy efficiency improvement measure differs
among the seven types of activities or areas reviewed: electric power,
industry, transport, energy, structural adjustment, fossil fuels, and a
category called "dedicated energy efficiency"-that is, those projects
whose primary or sole objective was to address energy efficiency.

The issue of pricing deserves special mention since most World Bank
projects address pricing issues in one way or another. For purposes of
this review a very conservative definition of price-related energy effi-
ciency objectives was chosen. Measures which raised prices, eliminated
subsidies or reformed tariffs solely for the stated purpose of improving
financial performance were not included. On the other hand, if pricing
measures were designed to alter energy consumption behavior, they
were included to the extent that they formed part of the projects that also
directly addressed other energy efficiency objectives. Similarly, many
projects include measures to improve institutional performance. Only
those projects which specified improving energy efficiency as a reason
for institutional change were induded.

The following are examples, by lending instrument or sector, of proj-
ect components that were induded and excluded from the review.
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Electric Power

Induded were efforts to improve the efficiency of distribution and
transmission, all retrofits to generators, process improvements, legisla-
tive and tariff changes when energy savings was an objective, conver-
sion to other fuels and other efforts to cause consumers to use less
energy'.

Not included were extensions beyond existing networks and increases
in capacity, even if more efficient generation replaced less efficient.

Industry

Included were measures which raised productivity without raising
energy inputs, such as process improvements, legislative and tariff
changes to promote competition, retrofits and conversions of plant
machinery which did not entirely replace old machinery, and institu-
tional upgrading toward an energy efficiency objective.

Not included were measures which tried to increase productivity or
revive the sector without a specific objective of improving energy pro-
ductiorn or use.

Transport

While it can be argued that almost any measure in the transport sector
can be used to enhance at least short term energy efficiency, from
highway paving to vehicle maintenance to driver training, for purposes
of this review only projects which stated improved energy efficiency as
an objective were included.

Fossil Fuels

Included were projects which reduced spills, leaks, and gas flaring. Also
included were efforts to improve the combustion of fuel.

Not included were measures which sought to raise fuel production
solely to meet demand even if efficiency improvements resulted.

Dedicated Energy Efficiency Projects

This category was introduced to isolate projects which were initiated
with, and designed around, the objective of improving energy efficiency
as a means of achieving wider objectives.
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Energy Sector and Structural Adjustment Loans

Included were reforms which were designed to promote the efficient
production or use of energy, such as promoting competition, changing
legislative and regulatory structures, and tariff reforms.

Not included were similar measures which were pursued for eco-
nomic stabilization or other reasons exclusive of changing energy pro-
duction or consumption patterns.



World Bank Activities in Support of Energy Efficiency and Conservation

A B C
Direct interventionsl assistance Fuel choice and technology options Policy, pricing, and institutional issues

Type (i) Dedicated energy efficiency projects (i) Renewable/alternative energy projects (i) Structural adjustment loans
of Bank (ii) Projects with energy effidency (ii) Gas development projects (ii) Sectoral adjustment loans
activity components (iii) Forestry projects (iii) Conditionality in project lending in

(iii) Pre-investment and technical power, energy, industry, and transport
assistance activities; sector work sectors

(iv) Development and strengthening
of institutions

Efficiency (i) Direct interventions to conserve energy, (i) Use of cleaner fuels and addressing (i) Economy-wide reforms that remove
° objectives e.g. through project lending that addresses: rational fuel choices where feasible such as inconsistencies and create incentive

addressed * plant rehabilitation gas over coal structures for energy efficient behavior
through: * industrial efficiency (ii) Renewable energy development sucha s through:

* efficient technologies (iii) Fuel technology options that lead to * proper pricing
* retrofitting efficiency and are environmentally benign * removal of trade barriers
* transport efficiency such as combined cycle and cogeneration (ii) Regulatory reforms; minimum
* demand management (iv) Sustainable fuelwood production standards, standards and codes
* household energy efficiency through forestry and biomass projects (iii) Development of institutional

(ii) Energy audits and technical assistance capability/strengthening of relevant
(e.g. through ESMAP and Bank project ministries in countries, and the develop-
lending) ment of private sector to address efficiency
(iii) Energy efficiency strategy develop- issues more effectively
ment through sector work and ESMAP/IENED

studies; assistance to governments in
pursuing energy efficiency objectives
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