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Introduction

Electric power systems, long viewed as showpieces of devel-
opment, are now central to some of the most serious prob-
lems Third World countries face. Many Third World utilities
are so deeply in debt that international bail-outs may be nec-

essary to stave off bankruptcy. Financial troubles, in conjunction with
various technical problems, have led to a serious decline in the -re-
liability of many Third World power systemswhich may impede
industrial growth. The common presumption that developing coun-
tries will soon attain the reliable, economical electricity service taken
for granted in industrial countries is now in doubt.

Electric power is considered an essential infrastructure investment,
similar to roads and water supply systems that underpin economic
development. Since the late fifties, electric power has been a priority
of government planners and international development agencies
alike. Budgets for electrification have grown rapidly and total spend-
ing now approaches $50 billion each year. The World Bank and the
regional development banks have devoted about 20 percent of their
total lending to electricity development and encouraged commercial
banks to invest heavily in Third World power systems. Power proj-
ects now account on average for about one quarter of public capital
investments in developing countries, or up to 2 percent of gross
national product.'

I would like to thank Douglas Barnes, Paul Clark, James Fish, Howard Geller, Nigel
Green, Alan Miller, and David Zoellner for their useful reviews of a draft version of this
paper.
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The electric-generating capacity of the Third World in the mid-
eighties is approximately 450,000 megawatts (including China, which
by itself has a generating capacity of 86,000 megawatts). This is just
two thirds of the capacity of the United States alone which had
688,000 megawatts in 1985. The Third World has just 120 watts of
electricity per person, compared to 2,900 watts per person in the
United Statesa 24-fold difference. However, electricity con-
sumption in most developing countries is growing at the rapid pace
of between 5 and 15 percent annually. The burgeoning economies of
Brazil and South Korea, for example, are projected to nearly triple
their power use during the next 15 years.2

Although electricity decisions are couched in the cold language of
input-output models and strategic planning, they influence the basic
outlines of societies that are still being shaped. Electric power deci-
sions can affect the balance of power among industries, cities, and
regions, and between urban and rural areas. Bringing electricity to a
remote village is one of the most fundamental changes that can alter
rural life. In short, questions about the nature and scope of electricity
programs affect some of the most basic issues facing the Third World
today, including the balance between the public and private sectors
and the widening gap between rich and poor.

Between 90 and 95 percent of the electric power investments in de-
veloping countries goes to providing power to large cities and indus-
tries.3 Phinners explain this as a logical priority given the needs of the
modern sector and the wider benefits that are expected to result from
industrialization. In some countries, such as the neo-industrial econ-
omies of the Far East, this traditional approach to development ap-
pears to be working. But in many other countries it is not.

At the bottom of the electricity totem pole are the approximately 1.7
billion people who currently live in Third World villages without
lights, appliances, or other benefits of electricity.4 Although in some
countries such as China and the Philippines rural electrification is
proceeding steadily, in most of Africa and parts of Latin America it
has come to a virtual standstill as economic conditions have worsened
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"Questions about the nature and scope of
electricity programs can affect some of the

most basic issues facing the Third World."

in recent years. Furthermore, much of the rural eledrification that has
occurred has brought far fewer economic or social benefits than -it
could. Rural energy programs must be reorganized and revitalized if
the limited funds available are to have a larger impact on agricultural
productivity, the development of rural industry, and the improve-
ment of village living conditions.

Most Third World electric utilities are government-owned monopo-
lies, often having strong political connections and the power to com-
mit large sums of money. However, Third World utilities are
increasingly troubled institutions. Not only is their financial condition
deteriorating, many have management problems caused by the pace
of recent growth. Budget crises have forced substantial salary cuts
and the loss of top engineers and managers. The first step in any
effort to put Third World utility systems on a sustainable footing has
to be increased attention to the basics of good management, including
programs to hire, train, and keep qualified personnel.

Third World utilities also need to place greater emphasis on energy
efficiency. From generation and distribution to the way that electricity
is used, Third World power systems are among the world's least
efficient, each year wasting billions of dollars worth of electricity.
There is now convincing evidence that careful programs to invest in
efficiency improvements can provide developing countries with elec-
tricity services at far lower cost than most new power sources being
developed. To begin with, each utility should plan on devoting at
least 10 to 15 percent of its capital budget to increased efficiency,
chiefly in industry and commercial buildings.

Electricity planners have focused almost exclusively on large cen-
tralized power projects. And the long lead times and substantial
interest costs involved in the construction of such plants have con-
tributed to the financial problems of many utilities. Smaller plants,
whether relying on hydropower, biomass, wind power, solar tech-
nologies, or the traditional fossil fuels, can be built more quickly in

8
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8
response to consumption trends and without the need to tie up
capital resources for five to ten years. Many of these energy sources
are now more economical than large conventional power plants, and
have the advantage of relying on domestic renewable resources
rather than imported fuels.

The Third World's power institutions can be decentralized along with
the generating plants. Although government monopolies now run all
but a handful of the electric power systems in the developing world,
efficiency could be improved and innovation spurred if a broader
range of public and private institutions were involved. The insti-
tutional innovation that has been most widely tested is the rural
electric cooperative, usually a member-owned distribution utility that
brings power to villages. Co-ops can circumvent national utilities'
frequent lack of interest in rural electrification and can serve as ve-
hicles to introduce electricity and a range of other development tools
to remote villages. In addition, private generating companies can be
permitted to build and own small power plants, which encourages
profit-motivated innovation and takes some of the financial and man-
agement burden off central power authorities.

There are many impediments to the reform of Third World electricity
programs. Altering the status quo is always difficult, particularly if it
involves a large and politically powerful sector of society. The sheer
pace of ongoing construction also undermines attempts to change.
With growing electricity needs still outstripping even the more opti-
mistic construction schedules, policymakers are reluctant to do any-
thing that would slow electrification programs from full-speed-ahead.
But most developing countries simply cannot afford to neglect fun-
damental problems any longer. For better or worse, electric power is a
large and crucial sector of most Third World economies, and if its
future growth is misdirected or poorly managed, the development
process itself could be jeopardized.

9



Developing Electric Power

Electricity development in the Third World began in the early part of
this century, only a short time after similar efforts got under way in
North America and Europe. These early systems, often owned by
subsidiaries of U.S. or European power companies, mainly =served
large cities and grew quite slowly. But in the post-war rush to indus-
trialize the Third World, development planners considered electric
power to be an essential infrastructure investment and made it a top
priority. The building of cities, the creation of modern industries, and
even the expansion of raw materials exports require a growing power
supply. Starting with very little electricity, officials of the newly
nationalized utilities typically achieved growth rates as high as 20 to
30 percent per year.5

The support of international financial institutions has been an essen-
tial catalyst to Third World electricity development. Commercial
banks and private companies were initially reluctant to participate in
large projects sponsored by new utilities that had little technical or
management experience. The high cost and substantial foreign ex-
change requirements of power projects make them among the most
challenging of projects to finance. The World Bank and the various
regional development banks have provided billions of dollars in loans
to Third World electricity projects. These loans in turn have stimu-
lated many more billions in commercial loans6

World Bank support of electricity systems grew from $85 million
annually in the mid-fifties to $271 million in the mid-sixties, $1,400
million in the early seventies, and $1,800 million in the early eighties.
The Bank's support of electric power projects hai leveled off in recent
years and shrunk in proportional terms as lending expanded in other
areas. Nonetheless, by mid-1984, the World Barik had committed a
total of $24.4 billion to electric power development, about 16 percent
of total Bank program expenditures. This makes electric power the
third largest focus of World Bank lending after agriculture and trans-
portation. However, since these latter areas include several different

10
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10
categories of projects, electric power development is actually the
single largest purpose for which the World Bank lends money.7

Other development agencies and lending institutions have also &en-
erously supported Third World power projects. The Inter - American
Development Bank loaned approximately $800- million- for power
projects in Latin America. in 1985, or about one quarter of its total
lendin& This is more than twice the amount lent for health, educa-
tion, and urban development combined. The Asian Development
Bank has loaned an average of $400 million annually for power proj-
ects since 1980. The much smaller African Development Bank loaned
about $20 million annually for electric power in recent years, about
one-fifth of total disbursements. Total development bank lending for
power projects comes to about $3 billion annually.8

Many _bilateral aid agencies in Europe and North America also sup-
port Third World power programs. Among the most prominent is the
U.S. Agency for International Development which had major pro-
grams in Latin America and elsewhere until the aid program was
redirected to meeting basic human needs in the seventies. French
agencies also have helped develop electricity systems in West Africa.

Although foreign aid and low-interest loans stimulate electric power
development in the Third World, most of the capital is generated
internally or borrowed on international financial markets through
commercial banks. International bankers usually consider established
Third World utilities to be relatively creditworthy, in part because the
national treasury effectively stands behind most power loans. No
comprehensive figures are available, but total Third World invest-
ment in electric power since the fifties is probably over $500 billion
(1985 dollars),

Most developing countries are served by large nationally ow_ned util-
ity companies, many of which were taken over from foreign-owned
private utilities in the fifties. Electricity systems dominated by private
utilities, as in the United States and Japan, are now rare in the Third
World.



"No comprehensive figures are available,
but total Third World investment in

electric power since the fifties is probably
over $500 billion."

Large countries and those with clearly distinct geographic regions
often have more complex power systems. In Brazil, state-owned util-
ities supply much of the country's power, but the federally owned
CentraisEletricas Brasileiras supervises the generation and transmis-
sion of electricity. India has a power system whose complexity rivals
that of the United States. It has a Central Electricity Authonty that
oversees national power planning, but. the State Electricity Boards
and Regional Electricity Boards actually run the country's power sys-
tems which are not yet fully integrated into a national grid. In the
Philippines the National Power Authority owns virtually all of the
power plants and transmission lines but the Manila Electric Com-
pany, originally set up as a subsidiary of the General Public Utilities
Corporation of New York, distributes power in Metro Manila.10

The general trend is toward greater centralization and governmental
control of electric power systems. Both commercial banks and
government-supported lending agencies prefer to deal with a strong
central authority that has government financial backing but is outside
the day-to-day political process. Some early projects flopped because
they were inadequately managed or because the utility did not have
the authority to take actions essential to the success of its programs
(such as raising electricity prices). Once a sinfile power authority is
established, it is easier to ensure that highly trained technocrats using
the latest management techniques are running the program.

World Bank- files document a consistent push for greater cen-
tralization and consolidation of authority whenever questions of the
structure of a power system arise. Over the years, the World Bank has
gradually become stricter in the institutional preconditions it sets for
power loans, even occasionally suggesting who should be appointed
to key positions in the national power authority. This has naturally
angered political leaders who believe that this kind of involvement
sometimes impinges on national sovereignty."

Electric utilities are without doubt among the strongest institutions in
developing countries, thanks both to the magnitude of their financial
resources and to their partial autonomy within the political system.

12
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1
Utility officials have a generally higher level of education and show
greater understanding of basic principles of management than in-
most Third World ministries (though often not as good as in private
industry).12 Electric power systems are extremely complex tech-
nologies in which breakdowns are a constant threat. That many low-
income developing countries have been able in a short period to build
up sizable electric power systems is a substantial achievement,

By the early eighties, Third World nations were using six times as
much electric power as they had two decades earlier. But compared to
industrial countries, electricity plays a relatively small role in Third
World economies. Wood and crop wastes sfill provide developing
countries with at least 12 times as much energy as electricity does. As
of 1982, annual per capita electricity use ranged from a high of 1,402
kilowatt-hours per person in Argentina and 1,192 kilowatt-hours per
person in South Korea to 36 kilowatt-hours per person in Bangladesh
and 23 kilowatt-hours per person in Nepal, enough to run a 30 -watt
bulb for a month. (See Table 1.) These figures co_ ntrast with electricity
consumption of about 4,500 kilowatt-hours per person in Europe and
9,600 kilowatt-hours per person in the United States.13

Wealthier countries usually consume more electricity but even in
countries with relatively high per capita use, a large share of the
population may be completely without power. Over half of the elec-
tricity produced in most developing countries goes to industry, a far
larger fraction than in the industrial-world. And developing countries
tend to use most of the electricity in just a handful of power-intensive
industries, often those that produce goods for export. In Mexico, 55
percent of the electricity is used by industry, and in South Korea, 68
percent is.14 A growing amount of electricity is also used in the
modern office buildings and hotels that dot the skylines of many
Third World capitals.

Household use of electricity is quite limited in most developing coun-
tries. Many Third World consumers cannot afford to purchase, let
alone operate, appliances, that are heavy users of electricity. Even in
cities, only the wealthiest of families can pay for refrigerators, electric

13



Table 1: Electricity Use in Selected Developing Countries, 1982

13
Country

Per Capita
Income Electricity Use

Per Capita
Electricity Use

(million
(U.S. $ per year) kilowatt-hours) (kilowatt-hours)

Argentina 2,520 39,804 1,402
Brazil 2,240 151,721 1,197
South Korea 1,660 47,197 1,192
Mexico 2,737 80,589 1,103
Costa Rica 1,806 2,500 1,041

Zimbabwe 849 7,614 1,015
Colombia 1,300 22,564 837
Philippines 746 20,560 405
Nicaragua 802 1,153 400
Thailand 764 17,687 365

China 307 327,678 325
Bolivia 932 1,703 290
India 247 138,677 197
Zaire 203 4,392 143
Kenya 420 1,998 110

Senegal 541 633 105
Indonesia 524 12,722 83
Niger 338 350 60
Bangladesh 132 3,305 36
Nepal 136 356 .23

Source: World Bank, "1982 Power/Energy Data Sheets for 104 Developing Countries."

stoves, air conditioners, and the other appliances that many con-
sumers in the industrial world now take for granted. Lightbulbs,
television sets and fans place the heaviest uemand on power in a
Third World home. Residents of Manila or Sao Paulo typically pay as
much for electricity as do their counterparts in Washington or Paris.
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But because their incomes are far smaller, their electric bills consume
a proportionately larger share of their incomes.

Electricity consumption in most developing countries is so low and
the potential future uses so great that electricity use continues to
expand even when the economy does not. The World Bank estimates
that Third World electricity use will increase 7 percent annually in the
next decade, and many countries forecast more rapid growth.15

Similar demand !projections led to the first big wave of power plant
construction in the Third World in the sixties. Many oil-fired plants
were built because they were relatively inexpensive compared to
hydropower facilities. Since imported oil then cost only $2 to $3 per
barrel, few planners had any qualms about relying on it. Starting with
relatively insignificant power systems, most Third World planners
estimated a need to expand electricity systems at well over 10 percent
annually. This massive construction effort was in the process of gear-
ing up when oil prices soared in the early seventies.

Looking for alternatives to oil-fired plants, Third World planners
turned with renewed interest to hydropower construction. Many
developing countries have excellent hydropower potential, which is
usually associated with mountainous terrain and abundant rain or
snow. If managed pro_perly, hydropower is a- renewable energy
source immune from future fuel price increases. Whereas North
America and Europe had developed 59 percent and 36 percent of their
hydropower potential respectively by 1980, Asia had harnessed just 9
percent, Latin America 8 percent, and Africa 5 percent.16

Third World hydropower development involves some of the largest
and most expensive civil works projects in history, including the
10,000-megawatt Guri project in Venezuela and the 12,600-megawatt
Itaipu plant on the Brazil-Paraguay border, both of which are still
under construction. The latter project will produce as much power as
13 nuclear plants. Between 1978 and 1983, Mexico's hydropower
capacity rose 43 percent, Brazil's 55 percent, and Argentina's 58 per -
cent.'7

15



"Electricity consumption in most
developing countries is so low and the

potential future uses so great that
electricity use continues to expand even

when the economy does not."

The World Bank projects that between 1980 and 1990, Third World
hydro capacity (excluding China's) will more than doublericing
from 100,000 megawatts to 201,000 megawatts. China alone has
17,000 megawatts of large hydro projects under construction that will
bring the country's total to 41,000 megawatts. The proposed Three
Gorges project on the Yangtze River would provide additional ca-
pacity of about 13,000 megawatts.18

The environmental and human costs of some of these hydropower
projects is substantial.-Construction of new dams in developing coun-
tries has displaced millions of people, flooded agricultural land, and
trapped in reservoirs river silt that once fertilized flood plains. The
visions of power planners are now often in direct conflict with the
needs of indigenous people. The Kariba Dam built in Zimbabwe in
the sixties uprooted 56,000 people, many of whom never found suit-
able homes, farmland, or clean drinking water. Many died of dysen-
tery and those relocated still rely on food imports. The Chico River
project in the Philippines displaced thousands of native people and
led to an armed struggle with government authorities.19

The Three Gorges project in China requires planners to consider
unprecedented trade-offs. The proposed facility could increase the
country's power capacity by 15 percent, reduce flooding down-
stream, and provide additional imgation for the rich Sichuan Plain.
But Three Gorges would also flood thousands of hectares of land
upstream of the dam and displace between 300,000 and one million
people depending on the height of the dam. This part of China is one
of the most agriculturally productive and densely populated areas of
the world. Some provincial authorities vehemently oppose the proj-
ect.zo

Third World governments also wish to increase coal's contribution to
electricity generation. The World Bank projects an expansion of coal-
fired generating capacity (excluding China) from 35,000 megawatts in
1980 to 92,000 megawatts by the year 2000. Most of this development
is concentrated in the relatively few Third World countries with sub-
stantial coal reserves, such as India and Colombia. China, which has

16
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coal reserves equal to those of the Soviet Union and the United States
combined, has plans to boost its coal - generating capacity of about
50,000 megawatts to over 140,000 megawatts by the year 2000. China
has already converted most of its 12,000 megawatts of oil-fired gener-
ating capacity to coal.21

Even more than hydropower, coal development will involve large
environmental trade-offs. Northern Chinese cities are already heavily
polluted by coal burning, and evidence of acid rain damage is begin-
ning to appear in several Third World countries. The high cost and
complexity- of pollution control technologies have been obstacles to
their widespread use in many developing countries. In addition, coal
combustion is a major contributor to atmospheric carbon dioxide
levels which many scientists believe are increasing so rapidly as to
severely alter the earth's climate within 30 to 50 years.22

Third World power systems= are still heavily dependent on fossil
fuels, though hydropower is the predominant electricity source in
many countries. (See Table 2.) Most of the largest developing coun-
tries, with the important exceptions of Brazil and Colombia, obtain at
least 60 percent of their power output from fossil fuels and many, are
still heavily dependent on oil. Overall, figures for 1980 show hydro-
power supplying 38 percent of Third World electricity, coal supplying
30 percent; and oil 26 percent.23

Nuclear power, once widely promoted in the Third World, has lost
ground in many nations. For developing countries, nuclear power
presents the problem of not only being complicated and expensive
but requiring more foreign exchange than do most power invest-
ments. Major projects in Argentina, Brazil, and the Philippines have
run into technical and financial problems; political disputes- drasti-
cally slowed nuclear programs in Iran, Iraq, and Pakistan.24

Only in the rapidly industrializing Far East has nuclear power con-
tributed significantly to power supplies. South Korea has 2,865
megawatts of nuclear capacity or 18 percent of its total, and Taiwan
has 5,146 megawatts. (See Table 3.) Both nations .plan to continue
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Table 2: Electricity Generating Capacity in Selected Countries, 1982

Country
Total

Capacity
Fossil
Fuel

Share
Geo-

Hydro thermal Nuclear

(megawatts) (percent)

China 72,360 68 32 0 0
Brazil 38,904 15 85 0 0
India 38,808 64 34 0 0
Mexico 22,574 68 31 1 0
Argentina 13,460 63 35 0 3

South Korea 11,597 79 10 0 11
Philippines 5,054 64 25 11 0
Thailand 4,694 71 29 0 0
Colombia 4,660 36 64 0 0
Indonesia 3,513 83 16 1 0

Zaire 1,716 3 97 0 0
Zimbabwe 1,192 41 59 0 0
Bangladesh 990 92 8 0 0
Costa Rica 657 30 70 0 0
Kenya 574 33 62 5 0

Bolivia 508 44 56 0 0
Nicaragua 400 65 26 9 0
Senegal 165 100 0 0 0
Nepal 162 22 78 0 0
Niger 100 100 0 0 0

Source: World Bank, "1982 Power/Energy Data Sheets for 104 Developing Countries."

their nuclear construction programs. But no other developing country
produces significant nuclear power. The Third World as a whole gets
less than 4 percent of its electricity from nuclear power, and that
figure is unlikely to increase significantly by the year 2000.25

18
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Table 3: Nuclear Power in Selected Developing Countries, 1986

Country Nuclear Capacity Share of Total Capacity
(megawatts) (percent)

Taiwan 5,146 48
South Korea 2,865 18
India 1,330 3
Argentina 1,005 7
Brazil 657 1

Pakistan 137 3

Source: Nucleonics Week, January 30, 1986.

For several years, China has been on the verge of a major nuclear
construction program involving as much as 10,000 megawatts by the
year 2000, part of a plan to quadruple electricity supplies by the end
of the century. Although China has developed its own nuclear tech-
nology, joint ventures with foreign firms were planned to accelerate
nuclear development. Most of the industrial world's active nuclear
vendors and sponsoring government officials have traveled to China
to pursue one of the few remaining international markets. Although
China's leaders express a continuing commitment to the nuclear pro-
gram, they decided in 1986 to delay construction of all but twr plants
until the nineties. China's leadership appears to have decided that it
cannot afford simultaneous large hydro and nuclear programs and
that given the lower foreign exchange cost of hydro development, it
deserves priority.26

Some developing countries are attempting to build strength through
diversity. One of the most successful efforts at electricity diver-
sification is that of the Philippines. The Philippines has reduced the
oil share of electricity generation from 78 percent in 1978 to 46 percent
in 1984 through the aggressive development of hydro and geothermal
resources. By 1984, the Philippines had 1,654 megawatts of hydro-
power capacity in place and 894 megawatts ,of geothermal capacity,
out of a total of 5,1% megawatts. An additional 604 megawatts of
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hydro dams, 110 megawatts of geothermal, and 110 megawatts of
coal are under development. Several small power plants that burn
wood and coconut shells are operating or under construction. How-
ever, the investment in all of these energy sources is dwarfed by the
$2 billion the Philippines has spent on a single nuclear plant that will
probably never operate because of safety concerns.27

The cost of building additional generating capacity in the Third World
has increased dramatically since the mid-seventies. This is due in part
to the fact that hydropower and coal plants are inherently more
expensive than oil plants, and also because developers have had to
turn to more costly hydro projects as the most attractive- sites are
developed first. In the sixties, hydro projects costing more than $800
per kilowatt were considered economically questionable, but now
many developing countries are building facilities that cost $2,000 to
$3,000 per kilowatt.28

Construction cost increases have coincided with a period- of high
interest rates and general economic deterioration in many developing
countries. Typically, about one third of a power project's cost requires
foreign exchange payments to outside companies, a burden made all
the worse by large interest payments. Many Third World utilities
must also pay large bills for imported oil. Since most Third World
utilities are wards of the state, the national treasury stands behind
power loans, and utility debts become entwined with the national
debt.29

Although no precise figures are available, total Third World utility
debt can be estimated at over $180 billion, or one-fifth of the Third
World's accumulated debt of over $900 billion. A 1985 report to the
U.S. Agency for International Development on the situation in Cen-
tral America concluded that, "the region's financial crisis, and its
constraints on future development, is significantly the result of huge
public power investments in nearly all of the countries." In Costa
Rica, 18 percent of the coUntry's foreign debt is attributed to the
power sector and in Honduras 33 percent is.3°

20
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The World Bank projects that developing countries will have to invest
$60 billion in electric power each year in order to keep up with a
demand growth rate of 7 percent. 31 This is more money than the
Third World receives in development assistance funds annually.
These investment goals are for the most part unattainable, and many
utilities are simply not keeping up with demand. Combined pres-
sures of underfinancing and overuse result in inadequate generating
capacity and periodic planned or emergency blackouts as power sys-
tems become/ overloaded.

Financial pressures often cause utilities to cut back on maintenance
work which causes a gradual deterioration of reliability over time.
Transmission and distribution- systems often suffer the most. They
receive less attention than power plants, and their upkeep is usually
the first item cut from the budget. In many countries over 30 percent
of the power transmitted is lost because of inadequate maintenance,
undersized lines, and illegal tapping of power lines. Wide voltage
fluctuations that damage appliances are common in Third World
power systems, leading industries to compensate by_purchasing
oversized electric motors that use additional electricity. This increase
in demand further strains power systems and adds to the financial
burdens of power authorities.

Pakistan faces some of the worst problems: Losses on the national
wer system now average 38 percent and blackouts occur daily.

Many companies must maintain backup generators in order to keep
their plants running. A shortage of electricity is now considered to be
one of the most serious roadblocks to Pakistan's economic develop-
ment. China's leaders also project that its electricity supplies (grow-
ing- 6 percent annually) will not keep up with needs. Already in
Sichuan Province power is cut three days a week to ensure adequate
power for the other four.32

The problems of many electric utilities are getting worse. The World
Bank has projected a $32 billion financial gap between utility needs
and financial capabilities in Latin America and the Caribbean during
the next five years. In some cases, the cost of servicing the utility's
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"The World Bank projects that developing
countries will have to invest $60 billion in

electric power each year in order to keep
up with a demand growth rate of 7

percent."

debt now exceeds total operating revenues; construction is con-
tinually adding to the debt load. Chile is fairly typical with a planned
construction budget of $1.4 billion for 1984-1988 and scheduled inter-
est payments of $1 billion, but projected operating revenues of just
$1.1 billion .33

Increasingly, fiovernment leaders are projecting financial shortfalls
and forcing utilities to curtail construction spending. Recent budget
negotiations in Brazil and India forced power authorities to cut
planned spending by half. A study of Central American utilities con-
cludes that, "Due to a combination of existing debt obligations and
internal organizational problems, the large national utilities could
have difficulty J? financing planned power investments, beginning im-
mediately." China has so far avoided large debts but it now faces a
substantial- shortage of electricity that will constrain its economic
growth. Planners project a need to increase capacity fourfold between
1980 and 2000, which will be a large financial burden)

But the problem is not simply one of money. Man)? Third World
power systems have also outgrown their own internal management
capabilities and are increasingly short of technical expertise as well.
One African country mistakenly spent $2 billion on a power plant and
transmission line -that it will not need for decades. Some utilities,
having relied for- years on expatriate labor and temporary consultants,
are now short of people skilled in specialized fields. Many of the
best-trained people have left for better-paying jobs in the private
sector or overseas. The complex, demanding power systems in de-
veloping countries will fall apart unless they can attract and keep
motivated, trained individuals.35

While some utilities are efficiently managed, politically neutral orga-
nizations, others are managerial disasters plagued by petty politics.
Many have become overly bureaucratic, with the lack of innovation
and slowness to respond that is typical of institutions not subject to
market forces. Some Third World utilities are described as employ-
ment agencies that are forced by governments to.overhire in order to
create jobs. Corruption is not uncommon and is magnified by the
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quantities of money involved. The multimillion-dollar payoffs that
allegedly passed from the U.S.-based Westinghouse Corporation to
the Marcos government in the Philippines in order to secure a con-
tract for the Bataan nuclear plant is an extreme case, but many experts
believe it reflects a more widespread problem.36

Selectively trimming construction budgets, strengthening mainte-
nance procedures, raising salaries, and introducing better manage-
ment techniques are- essential to any serious program of
improvements of Third World power systems. Internal changes and
external pressure from lending agencies are causing many utilities to
carry out these improvements. However, to meet the ever-growing
demand for energy, planners will need to make even more fun-
damental changes to wer development and distribution. Improved
efficiency, increased reliance on decentralized technologies, and
wide-ranging institutional reforms must be incorporated into efforts
to improve Third World electricity systems.

The Efficient Use of Electricity

A 1986 study of Third World utilities notes that, "The atmosphere in
LDC [Less Developed Country) utility boardrooms is frequently very
similar to their counterparts in the U.S., in the love of ever larger
capital construction programs, and the unshakeable belief that elec-
tric demand will continue to grow at 10 percent per year forever."37
Managing a utility is often equated with building power plants and
transmission lines, and indeed this task is so overwhelming in many
countries that the demand for electricity is unquestioned.

Industrial countries are now facing a rather different situation. Since
the mid-seventies, demand for energy in general and electricity in
particular has grown more slowly, confounding the forecasters. In
part, this is because, of slower economic growth and a shift to less
energy-intensive industries. But the main reason is improvements in
electric efficiency caused by higher prices. In the United States, for
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example, electricity consumption per dollar of gross national product
increased quite steadily until the mid-seventies, peaked in 1976, and
has fallen slightly in all but one year since. Growth in the con-
sumption of electricity has averaged just 2 to 3 percent annually in
most industrial countries since 1980, leaving many nations with ex-
cess generating capacity.38

The long-held belief that electricity growth has a fixed relationship
with economic growth is no longer considered valid, and analysts
must now incorporate efficiency projections into forecasts. Varying
efficiency levels can over a period of a decade make a large difference
in the amount of required additional generating capacity. Forecasting
is complicated by the fact that it is difficult to know how quickly
efficient technologies will advance, and how rapidly consumers will
adopt the new devices. Nonetheless, many sophisticated end-use
based forecasting models now incorporate efficiency projections into
power planning in industrial countries.

Even though the importance of electric efficiency has been accepted
in industrial countries, its potential has been neglected in the Third
World. This is undoubtedly a result of the explosive electricity growth
still occurring in most developing countries which appears to dwarf
any potential contribution from greater efficiency. However, this ne-
glect makes little sense. When the inventory of electricity-using
equipment is growing quickly, there is greater potential to improve
the overall level of efficiency: If energy efficiency is economically
attractive when electricity use is relatively stable, it is more attractive
when use is rising since it can displace some of the most expensive
planned generating capacity. (In mdustrial countries, on the other
hand, electricity conservation must sometimes be justified by its po-
tential to economically displace existing capacity.) Looked at another
way,- improved energy efficiency raises the productivity of new
power plants.

Research and development have increased the efficiency of many
technologies in recent years. In 1985, a U.S. study found that in the
past decade the efficiency of new refrigerators increased 52 percent
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and that of room air-conditioners 76 percent. Even greater improve-
ments have occurred in Japan, because Japanese companies have
marketed the new appliances much more enthusiastically than their
American counterparts. New Japanese and European fluorescent
lights use one third as much power as systems now in use. Electric
motors, the largest user of electricity in most industries, have been
improved in a number of ways. In some cases, adjustable speed
drives can decrease the power use of electric motors by 20 to 30
percent. Newly developed aluminum smelters reduce the electricity
required in this power-intensive process by 24 percent, and alu-
minum recycling can lessen power needs by 95 percent."

A 1980 World Bank study, Energy in the Developing Countries, included
an extensive analysis of "The Demand for Energy and its Manage-
ment." Among the study's conclusions was -the observation that,
"now that energy is no longer cheap or abundant, energy efficiency
must be considered as a principal element in economic planning and
energy demand management must take its place with other forms of
economic management."4° Other development agencies and many
Third World energy ministries have come to similar conclusions,
although most of the emphasis is placed on saving oil.

A gap has opened between awareness of the potential to save electric-
ity and the development of effective programs. This gap is un-
doubtedly caused in part by a shortage of data on the uses of
electricity. Without such information it is difficult to justify energy-
efficiency programs, let alone carry them out. But, efficiency pro-
grams are often "institutional orphans." Agencies that might logically
have some interest in such programs include the ministries of energy,
industry, and housing, as well as the power authority and public and
private corporations. Most agencies would rather not take on ad-
ditional responsibilities, and often new tasks with crosscutting juris-
dictions do not get done at all.

Energy analysts are developing data on the way electricity is used in
the Third World which hint at the potential for energy-efficiency
programs. Since the proportion of electricity used in industry typi-
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cally ranges from 40 to 70 percent, it deserves the closest scrutiny. A
study in Brazil found that seven industries, producing 13 percent of
the country's industrial goods, use half of industrial electricity.41
Major aluminum producers such as Brazil, Ghana, Surinam, and
Venezuela devote a large share of electricity to the energy-intensive
smelting process. In most other industries the largest consumer of
electricity is the electric motor, used to drive a range of mechanical
processes.

The commercial areas of many Third World cities are now filled with
highrise buildings and hotels that use large quantities of electricity.
Although only a small fraction of the people use such facilities, many
Third World capitals consume as much power as all of the country's
villages combined. Since the buildings are often based on foreign
designs intended for a temperate climate, they are inappropriate to
the year-round warmth and humidity found in tropical-countries.

Agriculture also makes a significant claim on the electricity systems of
some developing countries. Much of this is for water pumping for
irrigation in semi-arid regions. In India, for example, 18.6 percent of
the country's electricity is estimated to go to irrIgation pumping.42 In
many rural areas, over half of the electricity is used for pumping.

In most cases, it takes more electricity to perform a given task in
developing countries than in the industrial world. There are several
reasons for this. Third World nations generally use equipment that
was designed years earlier in another country, a clear disadvantage
when the efficiency of new appliances is advancing. In some indus-
tries the manufacturing process itself is outmoded and much more
energy-intensive than newer processes. In addition, inadequate
equipment maintenance can lower efficiency. Finally, many of the
devices used are inappropriate for the designated task; for example,
oversized electric motors are deployed to compensate for voltage
fluctuations. Improving the operating reliability of power systems
may have a double advantage if it encourages the use of more ef-
ficient motors.43
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Third World countries would realize substantial economic benefits if
electricity was used more efficiently, because it would lower produc-
tion costs and the price of goods. Exports would therefore be more
competitive on world markets. Increasingly, energy-inefficient prod-
ucts and processes will put developing countries at a major disadvan-
tage.

Meeting projected growth in the demand for electricity services will
be virtually impossible without substantial efficiency improvements.
Without efficiency gains, Brazilian planners project that the country's
generating capacity will have to grow 150 rcent in the next 15 years
at a cost of over $130141lion. Of the 66,111 megawatts of additional
projected power needs, only about 34,000 megawatts is currently
planned. If some portion of the remaining 32,000 megawatts of fore-
casted power needs was met by improved efficiency, capital require-
ments could be reduced and industrial productivity raised. A 1985
study concludes that projected electricity consumption just in se-
lected major power uses in Brazil could be cut 30 percent by the year
2000 if a range- of cost-effective efficiency measures were adopted.
(See Table 4.) The $10 billion needed to implement these measures
would eliminate the need for 22,000 megawatts of generating capacity
that would cost an estimated $44 billion."

The cornerstone of any program to improve efficiency is a pricing
system that reflects the true cost of providing power. For most goods
and services, the interaction of supply and demand determine price,
but electricity prices are usually set by government policy, with the
goal of balancing the desire of consumers for lower prices and the
need to keep the utility financially healthy. Electricity pricing often
becomes a political tool, with prices lowered in advance of elections in
order to ensure support for incumbent politicians. Some subsidizing
of electricity prices is inevitable and beneficial, Few villagers- would
ever get electricity if in the first few years they were forced to pay the
full cost of providing power. The problem comes when low, sub-
sidized electricity prices continue indefinitely.- Naturally, consumers
will use greater quantities of something that costs them relatively



"The cornerstone of any program to
improve efficiency is a pricing system that
reflects the true cost of providing power."

Table 4: Potential Electricity Savings in Selected End-Uses' in
Brazil by the Year 2000

Electricity
Use

Current
Forecast

Savings
Potential

Savings
Potential

Industrial
(million kilowatt-hours) (percent)

Motors 177.3 35.5 20

Domestic
Refrigerators 28.3 14.8 52

Domestic
Lighting 17.7 8.8 50

Commercial
Motors 29.7 5.9 20

Commercial
Lighting 25.8 15.5 60

Street
Lighting 17.9 7.2 40

Total 296.7 87.7 30

'These account for about two-thirds of total electricity use in Brazil. These projected
savings include only efficiency improvements that are economically justifiable based
on currently available technologies.

Source: Howard Geller, "Electricity Conservation in Brazil."

little; higher consumption in turn leads to the need to expand the
power supply which raises costs.
Economists use the term "marginal cost pricing" to describe a system
that charges the consumer just what the utility must pay to deliver
additional electricity. This system should provide the consumer with
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incentives to use electricity efficiently and result in the "right" level of
power use and plant construction. Since the seventies, the World
Bank, International Monetary Fund, and other lending agencies have
strongly advocated marginal cost pricing of electricity, though =they
view it more as a way to ensure the financial stability of utilities than
as a way of encouraging energy efficiency. As described by World
Bank economists Mohan Munasinghe and Jeremy Warford,
"National economic resources m_ ust be allocated efficiently, not only
among different sectors of the economy, but also within the electric
power sector. This implies that prices that reflect cost must be used to
indicate to electricity consumers the true economic cost of supplying
their specific needs, so that supply and demand can be matched
efficiently."45

Many countries have adopted marginal cost pricing of electricity in
recent years. Prices have been raised, and many countries now have
"time-of-use" rates for industry in order to discourage use of power
at times of peak demand. But complexities and disputes have slowed
the move to price reform. Often the cost of providing power varies
greatly even within a country. In addition, prices are sometimes
subsidized in order to make particular industries competitive or to
make electricity competitive with subsidized diesel fuel. Additional
reforms are needed, but pricing will inevitably continue to be a com-
promise between the goals of planners and the needs and demands of
consumers.46

Misdirected pricing policies are not the only obstacles to the more
efficient use of electricity. In many developing countries the govern-
ment guarantees the purchase of manufactured goods on a cost-plus
basis. .An improvement in efficiency and the resulting cost-saving do
not increase the company's profit margin. Even where more efficient
technologies are clearly economical based on current electricity
prices, studies show that consumers often purchase a less efficient
appliance. People who have virtually, no disposable income cannot
afford to buy a slightly more expensive but efficient device even if the
investment would pay for itself in less than three years.
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There is a broad range of programs that can help overcome barriers to
improved energy efficiency. The simplest are educational campaigns
to encourage industries and consumers to make informed decisions
about power usage. Campaigns can promote efficiency labels on ap-
pliances, free energy audits for factories or homes, and even simple
reminders to turn out lights and maintain appliances. Second, gov-
ernments can initiate mandatory efficiency standards for appliances,
homes, and industrial equipment. Third, governments or utilities can
directly assist in the financing of efficiency investments, either using
low-interest loans or outright grants. Many countries have tried vari-
ations on these approaches and developing nations no longer need
look to the industrial world to find examples of programs that work.

South Korea has one of the highest electricity consumption growth
rates in the world and has severely limited domestic energy reserves.
Not surprisingly, the Korean government has initiated one- of the
most comprehensive efficiency programs of any nation. In 1980 it
enacted a "Law Governing Rationalization in the Use of Energy."
Mandatory building codes specify the energy efficiency of all new
buildings; efficiency labels are required on all new household appli-
ances; a national energy conservation center was established to pro-
vide technical support and training. In addition, the government has
introduced financial incentives for energy conservation. These in-
clude income tax deductions, reduced tariffs on energy-saving
equipment, a one-year depreciation allowance for energy-saving in-
vestments, and subsidized loan programs for conservation invest-
ments in industrial plants and buildings.47

Although South Korea has an increasingly market-oriented economy,
it retains the Confucian tradition of central control. If government
efficiency standards are deemed to be in the national interest, they
are accepted. Confronted with the prospect of power shortages, the
government has simply curtailed some power uses. For example, it
has banned the use of air conditioners except for a 40-day period in
the summer and prohibited the use of elevators in the first three
floors of buildings. Saving electricity is considered a national priority,
because the nation's ambitious economic plans are to some extent
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dependent on maintaining competitive electricity prices. As South
Korea develops economically, the competitive advantage of low
wages will diminish, and rising energy costs could price their prod-
ucts out of some markets.

Brazil, the Philippines, and Singapore are among the other develop-
ing countries that have made energy efficiency a national priority and
have established substantial programs. Among Brazil's programs are
an energy labeling program for refrigerators, and an electricity price
system that penalizes heavy consumers. In the Philippines, the
National Bureau of Energy Utilization provides free energy audits to
large factories and commercial buildings, and efficiency labels are
required on air conditoners. In addition, a U.S.-supported pilot pro-
gram- assists in the financing of energy conservation. Singapore in-
troduced a financial incentives program for energy-efficient buildings
in 1979.48

One of the problems many countries face is how to encourage the
manufacture of more efficient equipment. Companies often perceive
that consumers care little about efficiency and so they neglect poten-
tial innovations. In some developing countries, companies manufac-
ture efficient equipment for export while selling less efficient devices
domestically. Efficiency standards are probably needed in most coun-
tries and can be met by domestic research or by obtaining foreign
technologies through manufacturing licenses. Brazil now has a gov-
ernment program to support the development of more efficientre-
frigerators, lighting systems, heat pumps, and air conditioners.'"
Internationally certified appliance-testing programs would be a big
help. With the international marketing of appliances growing rapidly
and several countries already having incompatible standards, future
innovations may be hampered without some standardization.

It is too early to assess the final impact of energy-efficiency programs.
Data collection is often inadequate and sorting out the relative impor-
tance of different measures is difficult. Nonetheless, there is every
reason -to believe that many of these programs will yield substantial
benefits. However, more effort could be made to target technologies
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that make up the bulk of power use in particular countries. By con-
centrating, for example, on lighting, water pumps, and electric
motors, large amounts of power could be saved at relatively small
cost.

One of the most difficult problems is how to fit electricity-efficiency
programs within existing government bureaucracies. The ministries
of industry, housing, and energy can each claim jurisdiction as can
the power authority and various state or local agencies. Resolving
overlapping claims and designating one agency as the lead for elec-
tricity conservation is essential if efficiency efforts are to be coordi-
nated. Brazil has taken steps in this direction by starting a national
program for electricity conservation in 1985, and India has developed
an interministerial strategy for electricity and fuel saving.50

Striking a balance between mandated standards and market-oriented
financial incentives is also important. Standards are the most effective
way of ensuring rapid achievement of certain minimal efficiency lev-
els, but they will not encourage ongoing research to drive electricity
requirements ever lower. And because energy markets do not function
well in many developing countries, the use of market incentives may
not be effective without wider economic reforms.

Efficiency programs could benefit from the technical competence and
managerial expertise of national power authorities. The utilities can
also ensure that efficiency will take an important place in the -plan-
ning process, alongside the construction of power plants and trans-
mission lines. Since efficiency investments can in effect provide
additional services in the same way that power plants do, utilities
should establish a policy to invest m efficiency whenever it is cost-
competitive with new generating options under consideration. If ef-
ficiency and production programs are kept entirely separate, a utility
could be building a power plant that costs $2,000 per kilowatt, while
the energy ministry is passing up efficiency investments that cost
$500 per kilowatt.

3 -2
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Utilities can also help to finance and organize efficiency programs, a
concept that has been successfully pioneered by several utilities in the
United States. The Pacific Gas and Electric Company (PG&E) in
northern California, for example, has a peak demand of 13,000
megawatts, more than that of all but five Third World nations. PG&E
sponsors extensive energy audits; offers zero-interest loans for home
weatherization, and has rebate incentives for the purchase of energy-
saving devices. PG&E economists calculate that the $80 million spent
in 1983 resulted in a savings of 240 megawatts. The savings cost of
$350 per kilowatt contrasts with the $2,500 per kilowatt cost of PG&E's
recently completed Diablo Canyon nuclear plants'

The Austin Municipal Utility in Texas has taken conservation a step
further by considering its efficiency programs to be a "conservation
power plant." The programs are assessed and organized just as care-
fully as if they were building new capacity; the conservation pro-
grams are expected to yield a definite amount of power at a
predetermined maximum cost. The 553-megawatt Austin program
consists of utility payments to customers for investments in weather-
ization and the replacement of inefficient appliances. The customers
are charged for 'the investment through their electric bills over a
several year period, but because power needs are reduced, they pay
less in total than they would have before the improvement was made.
Everyone benefits because the utility has avoided building a coal-fired
plant that would have cost $600 million more than the conservation
efforts.52

The Sao Paulo utility, Brazil's largest, is one of the few Third World
utilities to adopt a modest package of energy-efficiency programs. It
is collecting data on the end -uses of electricity and is demonstrating
and monitoring the use of energy-efficient electrical equipment. The
Public Utilities Board of Singapore provides energy audits for some of
its customers. In the Indian state of Karnataka, the state electricity
board has set up an "electricity queue" which gives efficient compa-
nies priority in gaining access to the state's limited power supplies.
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"Overall, fewer than one third of the
people who live in the rural Third World

now have access to electricity, leaving over
1.7 billion who do not."

To date there appear to be no Third World utilities that are actively
investing in electricity efficiency. This is unfortunate. Third World
consumers are chronically starved for capital and cannot afford the
initial efficiency investment even though the payback period is short.
National utilities have access to relatively low-interest funds; re-
channeling 10 to 15rcent of their construction budgets to efficiency
programs could yieldenormous returns. Consumers would be better
served if electric utilities were gradually converted into energy service
companies that would provide efficiency as well as new power sup-
plies using the same economic criteria.

New Approaches to Rural Electrification

Third World electricity programs are largely oriented to providing
power- for cities and industries. Although 70 percent of- the Third
World's population, lives in rural areas, political power flows to the
cities, and electric poWer flows with it. Overall, fewer than one third
of the people who live in the rural Third World now have access to
electricity, leaving over 1.7 billion who do not. Nonetheless, rural
electrification has become integral to the development process and
each year millions more taeople are provided with electricity. 'Un-
fortunately, many rural electrification programs are underfunded,
misdirected, or poorly managed. In many cases rural electrification is
promoted as an end in itself, rather than as a means of reaching more
basic goals.

When Costa Rica applied for a rural electrification loan in the fifties,
the World Bank responded, "It is uneconomical to bring electricity to
the ople. Let the people move to the electricity."53 However, thispe
explicit urban bias lost favor in the sixties, and as electricity grids
connected cities and industries, utilities began to run short distri-
bution lines into villages. Many power authorities- were forced by
their national governments to electrify rural areas, often with external
financial assistance. Some countries even established independent
rural electrification agencies.
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Politicians have found that electrification programs are popular and
help their careers. Electrification is also seen as a way. ,of unifying
countries with different ethnic communities, thereby consolidating
political power. Bangladesh's constitution includes a guarantee that
all villages will eventually get electricity. However, as of 1981, only 3
percent of the country's villages had reached the constitutional goal.
In most- developing countries there is a gap between rhetorical sup-
port for rural electrification and the minimal funds devoted to its
achievement. Overall, less than 10 percent of the Third World's elec-
tricity investments go to rural areas, and in many countries that
investment is less than 5 percent.TM

Comprehensive statistics on the extent of rural electrification are not
generally available, though figures on the share of the total popula-
tion with electricity are. (See Table 5.) From these statistics it can be
surmised that the highest rates of rural electrification are in Taiwan
and South Korea, arid the lowest rates are in the African countries of
Kenya and Niger and in Bangladesh and Nepal on the Indian sub-
continent. Overall, just 5 percent of Africa's rural people have elec-
tricity. In Latin America, populations are more concentrated in cities
where they generally have, power, but over- two-thirds of the rural
population lacks electricity. However, Costa Rica is an exception. Its
ambitious rural electrification program, begun in the early sixties, has
reached 45 percent of the people:55

Several Asian countries haVe made great strides in rural electrification
in the past 15 years. Virtually all of Taiwan has electricity, and the
rural power systems are among the best managed in the world, a
reflection of the general affluence and education of the Taiwanese. In
India, 350,000 villages out of more than 600,000 (over 55 percent) are
now connected to an electricity grid. The share is much higher in
some parts of India. All of the villages of several states, including
Kerala, Punjab, Haryana, and Tamil Nadu now have electricity.
(However, even in "electrified" villages, often half or more of the
houses lack power.) China has electrified 500,000 of its 710,000 vil-
lages, most of them in the past two decadeS. The amount of electricity
available to rural areas has increased tenfold since 1965. Elsewhere in
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Table 5: Extent of Electrification in Selected Developing Countries

Country
Share of Population
in Rural Areas (1985)

Share of Total
Population with
Electricity (1982)

(percent) (percent)

Taiwan 29 99
Singapore 0- 99
South Korea 43 95
Mexico 30 81

Costa Rica 52 80
China 79 60
Brazil 32 56
Colombia 33- 54

Philippines 63 52
Senegal 58 36
Indonesia 78 16
India 77 14

Kenya 84 6
Nepal 94 5
Bangladesh 85 4
Niger 84 3

Sources: Population Reference Bureau, "1985 World Population Data Sheet"; World
Bank, "1982 Power/Energy Data Sheets for 104 Developing Countries."

Asia, progress is slower. Less than 5 percent of Nepal's rural popula-
tion has electricity, and in Bangladesh, less than 2,000 of 65,000
villages are electnfied.5

In general, the more prosperous an area, the more likely it is to have
electricity since people are more able to afford the hook-up charges
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and the cost of electricity. One way of calculating the economic feasi-
bility of electrifying a region is to calculate its income density; that is,
to multiply the number of people per acre by the per capita income.
On the rich, well-watered agricultural plains of the Far East, rural
electrification is easier to justify than in Africa's arid Sahel where both
the population density and income levels are far lower. Isolated
mountain communities, such as those in Nepal or Bolivia, are also
hard to reach with electricity because population density is low and
the rugged terrain makes the installation of power lines more diffi-
cult.

Electricity can bring sweeping changes to the lives of rural people. It
often opens villages to the outside world and gives people the idea
that things can change. Surveys show that many people look back on
the arrival of electricity as a turning point in their lives. Electric lights
are usually the first appliances purchased, a big improvement over
as or kerosene lamps. Electric lighting allows school children to read

in the evening and extends- the work day into the evening hours.
Electric irons are also popular in many communities, as are radios,
television sets, and electric fans."

Most rural people do not have appliances such as refrigerators, wash-
ing machines, or electric stoves that are considered necessities in
many industrial countries. Rural consumers cannot afford to pur-
chase large amounts of electricity. The subsidized "lifeline" rates,
available Tor limited electricity users, often do not apply if "luxury"
appliances are purchased or if consumption rises above a minimal
level of 30 to 50 kilowatt-hours per monthone-tenth the typical level
of use in the United States. An even more important barrier is the cost
of the appliances themselves which is usually not subsidized and is
far beyond the means of most rural families. Even in Costa Rica and
Colombia where villages are relatively prosperous, lights, irons, ra-
dios, and television sets are the only appliances found in more than
half the electrified homes.58 (See Table 6.)

The impact of electricity varies in different villages, depending on the
society and the way in which power is introduced. However, studies



"In most villages people believe that
electricity improves their standard of living

more than any other change they have
experienced."

Table 6: Use in Homes in Rural Costa Rica and Colombia'

Share of Homes
Appliance Costa Rica Colombia

(percent)

Lights 100 95
Iron 57 73
Television 54 39
Radio 52 79
Refrigerator 42 19

Blender 39 32
Washing machine 31
Electric stove 21 91
Sewing machine 3 26
Fan 7

'Based on household surveys.

Sources: Randy Girer, "Rural Electrification in Costa Rica"; Eduardo Velez, "Rural
Electrification in Colombia."

show that in most villages people believe that electricity improves
their standard of living more than any other change they have experi-
enced. Women appear to appreciate the benefits of electricity more
than man, since they generally spend more time around the home
and electricity can help in household chores, while fans and radios
make leisure time more pleasant. Many women report that they have
more free time after getting electricity. Frequently, electric pumps are
used to provide a reliable, dean supply of water from a village well
for the first time, which makes life easier and improves health."

But even at their best, Third World rural electric systems rarely match
the reliability taken for granted in industrial countries. Wide voltage
fluctuations make it impossible to use some appliances, and blackouts

38

37



38
are common. Often, people must go for days without power, waiting
for a spare transformer to be carried in over rutted roads or for repairs
to be made to storm-damaged lines. Since line crews are often inex-
perienced and working on live wires can be dangerous, managers
frequently shut down an entire system to make minor repairs.

Planners aim to achieve many additional benefits through rural elec-
trification. Several studies have found that electricity promotes liter-
acy by making it possible for children to study in the evening. In rural
India, television-viewing has become widespread, thanks both- to
electricity and a new satellite that transmits national programming
into remote areas. The government broadcasts educational programs,
including lessons in preventive health care and farming techniques .60

Electricity has also been proposed as a way to reduce urban migration
by making village life more attractive, but studies show that it may
have the opposite effect by exposing people to the "charms" of urban
life through- television. Proponents also suggest that rural electri-
fication can help reduce birth rates by providing alternative evening
activities, but there is no persuasive evidence that this is the case.
However, sometimes electricity provides unexpected benefits. In a
remote village in China's Fujian province in which young men have
traditionally had a hard time finding wives, the arrival of electricity
has attracted more brides.61

Rural electrification can have the unfortunate effect of perpetuating
inequality, particularly in For villages where only wealthy house-
holds can afford power. In the Philippines for example, newly electri-
fied villages generally have a hook-up charge of $30 to $40, which is
beyond the means of many poor families. A survey in India found
that poor families took an average of ten years after initial electri-
fication before they could afford to connect to the system. In Costa
Rica, preferential hook-up rates and lifeline electricity prices for the
poor have resulted in most of the homes in electrified areas receiving
power, but even there, poor households use a small fraction of the
electricity that wealthy households do. Special efforts must be made
continually if the benefits of electricity are to be widely shared.62
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In most village,, even the best electrification program can only ad-
dress part of the energy problem. The main use of energy in rural
areas is for cooking, a task that often is done with wood, crop resi-
dues, or dung. These biomass sources provide an estimated 48 per-
cent of all the energy used in the Third World, and in many rural
households the figure is over 90 percent. I3ecause of the lower ef-
ficiency of these biomass energy systems, cooking requires approxi-
mately five times as much energy as it does in cities.'"

A survey of two electrified Indian villages shows that even in the
wealthier of the two, fuelwood provides 68 percent of the energy and
electricity just 3 percent. (See Table 7.) There is a steadily worsening
shortage of cooking fuels that is forcing villagers in many areas to
walk long distances to obtain firewood. In many circumstances, rural
electrification has done little to ease wood shortages. A pro_ject in
Nepal has been criticized because the electric light it provides en-
courages villagers to stay up late at night and bum more of the area's
dwindling firewood."

Electricity supplies just 4 percent of the Third World's energy, and
very little electricity is used for cooking. Even in electrified homes,
most village families cook with biomass. The reason is that heating
food requires more electricity than most people can afford. (A simple
hot plate can use over 500 watts of power, or 33 times as much as the
15-watt lightbulb that is the main source of light in many village
homes.) Only in areas with abundant hydropower (such as Co-
lombia) is electricity used for cooking.65

Electricity is simply not the best way of solving the cooking-fuel
problem in most villages. A variety of other initiatives must accom-
pany electrification programs in order to effectively address the broad
range of rural energy problems. Promising approaches that have been
tested successfully in some countries include fuelwood plantations,
more efficient cookstoves, biogas digesters (to tumbiological wastes
into flammable methane gas), and solar ovens. Although these tech-
nologies have been extensively tested and widely in
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Table 7: Energy Use in Two Indian Villages

Energy Consumption
Village A Village B

(percent)

Activities

Cooking
Agriculture
Industry
Lighting
Transportation

Sources

Fuelwood
Human/Animal Power
Kerosene
Electricity

64
22

7
4
3

68
24
5
3

(percent)

91
3
4
2

89
89

2
1

Sources: Roger Revelle, "Energy Use in Rural India," Science, Vol. 192, June 1976;
Ravindranath et al., "The Design of a Rural Energy Center for Pura

Village," ASTRA, Indian Institute of Science, 1979.

some countries, they have received far less funding than rural electri-
fication has.

Other important rural energy uses include water pumping, grain
grinding, and many other mechanical processes. These can be per-
formed with electrically driven motors, but they can also be powered
by biomass or human or animal power, particularly if technologies to
improve their effectiveness are developed. However, some appli-
cations of electricity have no good substitute. These include high-
quality lighting, refrigeration, television, computers, and
telecommunications. The question is whether by themselves these
uses are great enough to justify traditional rural electrification by
extending the central grid. In many cases the answer may be no. If
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"The real potential of electricity lies not in
providing social amenities but in

stimulating long-term economic
development."

consumers can only afford to use electricity for lighting and tele-
vision, then rechargeable batteries or small diesel generators might be
sufficient and far less costly. There is a need for comprehensive rural
energy planning and the introduction of a broad range of appropriate
technologies. While electricity can be beneficial, it should- not get
exclusive priority.

The real potential of electricity lies not in providing social amenities
but in stimulating long-term economic development. One way this
can happen is through the creation of rural industries. So far the
record is mixed. Where economic expansion has already begun and
markets are developing for various products, the development of
rural industries has followed electrification. But in poorer, more re-
mote areas, factories have not flourished after the amval of electricity.

In Indonesia, electricity has encouraged household-based cottage in-
dustries, owing in part to the availability of lifeline prices, but there
has been little development of larger rural factories that must pay
higher prices. Costa Rica has seen some use of electricity in sawmills,
cement factories, and tourist hotels, but electrification has not been a
major boost to rural industry. Electricity in Colombia has encouraged
the development of small businesses, particularly roadside stores.
But in most countries, development planners find electricity is not
enough. Rural industries require a variety of other infrastruCture
investments in roads, training,- and financial credit.66

Electricity is also intended to raise agricultural productivity, but so far
farm use of power is mainly limited to large plantations owned by the
wealthy. For typical small farms, there are just not many. useful,
affordable ways to employ electricity, though limited on-farm food
processing is practiced in some areas. In Costa Rica, electricity is
rarely used in the production of coffee, sugar, or vegetables, but it has
helped raise the output of poultry and dairy farms. In Bolivia, plan-
ners had hoped that electricity would encourage widespread irri-
gation, but the harsh cliinate, salty soils, and lack of financial support
cut these plans short°.
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Rural electrification in India and Pakistan is largely directed to devel-
oping irrigation in semi-arid parts of the country. This has been quite
successful though at substantial cost. One study found that Indian
farmers were only paying between one-fifteenth and one-tenth of the
actual cost of providin$ them with electricity. Irrigation has grown
rapidly in newly electrified areas, and this, together with the intro-
duction of improved plant varieties and fertilizer, has raised ag-
ricultural yields. It is now possible to pump groundwater to grow

iwheat, sorghum, and other grains in areas with extended dry
seasons, benefiting some of the poorer areas of India. However, in
Pakistan where nearly one quarter of the country's power is used in
irrigation, waterloggin$, and salinity have undermined the produc-
tivity of large areas of irrigated land."

Given the many needs of rural people, investment priorities, includ-
ing electrification, must be balanced-. Electricity can help to meet basic
needs, but it may not be the fastest or most cost-effective way to do so
in sparsely populated areas or regions with mountainous terrain. The
Papua New Guinea "Energy White Paper," published in 1979, said,
"It is clear that investment in rural electrification is investment
foregone in such areas as improved roads, water supply, schooling,
and health services. When given a choice of these alternatives, in the
face of the real costs and benefits of each, it is debatable whether rural
electrification would rank high on a list of village priorities."69

Rural electrification is not a blanket cure for the ills of village life.
Rather, it is one tool, that is appropriate in some cases. Since village
conditions vary greatly, careful studies should be done before choos-
ing a package of-development tools. Health care and simple fanning
technologies may deserve priority. Electrification should be linked to
other appropriate energy and development programs such as the
introduction of efficient cookstoves.

Electric cooperatives offer an approach to rural electrification that has
worked well in some countries. Electric co-ops have their roots in the
U.S. rural electrification program of the thirties. An electric cooper-
ative is a local agency, owned by its members and managed by a local
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staff, but often supported financially by a national rural electrification
administration. (It is usually expected that the co-op will repay the
initial loan for rural electrification over a period of 20 to 30 years.)
Many rural electric co-ops have successfully overcome the indiffer-
ence of central utilities to the needs of rural areas, but in practice they
usually do not attain full independence from government planners.
Most co-ops do not generate their own power; rather they purchase it
at a wholesale or subsidized price from the national power
authority.70

Several developing countries have established electric cooperatives
since the sixties, but overall they are responsible for a small share of
rural electricity systems worldwide. Some of the earliest co-ops are in
Costa Rica, where three were set up with the help of the U.S. Agency
for International Development in the early sixties. Subsequent evalu-
ations show that these co-ops have been quite successful. They now
provide electricity to about half of the families in their service areas,
and they have largely repaid their initial debts. The areas where the
co-ops are located have experienced substantial economic growth."

Importantly, electric cooperatives can play a crucial role in en-
couragit:3, productive uses of electricity. In the many areas where
electrification has not led to improvements in agricultural produc-
tivity or the development of rural industries, one of the main reasons
is a lack of technical skills or financial resources. Co-ops can be orga-
nized to provide low-interest loans and technical extension services
for everything from small lumber mills to irrigation systems. Electric-
ity for its own sake brings limited benefits. Locally based,
community-owned organizations are more likely to encourage and
support income-generating industries than are national power au-
thorities.

Electric co-ops are often initially vibrant, democratic organizations in
which member participation is high. In some villages, electric cooper-
atives have provided a unique opportunity for citizen involvement.
Studies show that when local people are involved, there is less steal-
ing of electricity, equipment is better maintained, and productive
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uses of electricity are likely to develop more rapidly. Over the years,
44 interest and participation in co-op programs usually wane, and man-

agement is left- to the executives and board members. Nonetheless,
electric co-ops can and do serve as catalysts for locally based devel-
opment initiatives 72

The importance of local involvement is seen in the Philippines, where
a cooperative-based rural electrification program has provided power
to more than 18,000 villages in just 12 years. Annual meetings of the
electric co-ops have large turnouts and boisterous festivities. Many
electric co-ops in the Philippines provide much more than electricity.
They have become involved in charcoal production, school lighting,
school waterworks, and vegetable gardening ?3

In the Philippines and elsewhere, the effectiveness of electric cooper-
atives varies widely depending on the quality of local leadership. If
the cooperative becomes a pawn of politicians, it is often ineffective,
but if it can be insulated from political pressures, the chances of its
success are much higher.

Among the countries now looking seriously at the potential to expand
cooperative-based electrification are Bangladesh, India, and In-
donesia. All three have experience with electrification programs that
rely largely on the central utilities, and they are considering a change
in direction. Many of the programs have required large subsidies and
yielded small benefits. Given their current fiscal crises, these coun-
tries are hoping to find more effective and less expensive approaches
to electrification. In India, a few small electric cooperatives organized
with U.S. assistance in the sixties are now serving as models. And in
Indonesia, electric co-ops set up largely at local initiative during the
seventies are being evaluated.

The most important role that electric cooperatives can play is in de-
centralizing the decision-making process and bringing local people
into comprehensive energy and development planning. Indeed, rural
electrification outside the context of an overall development strategy
is bound to fail. What is really needed are broader energy and devel-
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opment cooperatives that can also address the cooking fuel issue
the central energy problem in most rural areas. Co-ops can effectively
promote fuelwood plantations, more efficient- cookstoves, and a
range of other development programs. Electricity may have a greater
impact if development agencies consider it as part of a larger package
of initiatives for rural areas; rather than as an endin itself.

Decentralizing Generators and Institutions

Utility planners_ in industrial and developing countries often share a
bias: They assume the ideal generator size to be extra large, and the
most efficient utility to be a government- or privately owned monop-
oly. The history of power systems is litte_rd with small industnal
power generators that have been abandoned and tiny municipal and
private utilties that have been swallowed up by national power au-
thorities. No doubt this trend has often led to less expensive and
more reliable electric service, but at times it has not. Recent tech-
nological developments should encourage utility- planners to look
more closely at small decentralized power generatorsparticularly
for rural electrification.

The relatively limited rural electrification that has occurred so far has
concentrated in areas where grid extension is- relatively easy and
economicalheavily populated agricultural plains and prosperous
areas surrounding major urban and industrial centers. Left behind
are remote, forested and mountainous regions where populations are
sparse and cash incomes are limited or nonexistent. Examples include
much of the Andes region of South America, most of Central Amer-
ica, large sections of India, Indonesia, and Pakistan, and virtually all
of Afghanistan, Nepal, Bhutan, Burma, and ,Laos.

In addition, many island communities will never be reached by grid
electricity. The Philippines, for example, consists of over 7,000 indi-
vidual islands, and even when the national grid is fully completed,
many villages will not be connected. Full rural electrification, if that is
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the goal, can never be completed by central grids alone. Other areas
with extensive islands include Indonesia, large stretches of the South
Pacific, and the Caribbean.

The next frontier in rural electrification and in rural energy develop-
ment generally is the use of decentralized power technologies relying
on renewable resources. Although these are particularly important in
more remote areas, they are also likely to prove useful for supplying
small towns, industries, and even the central power grids of many
developing countries. Whereas a 100-megawatt power plant is con-
sidered small in most industrial countries todayone-tenth the size
of a standard nuclear iinitin many developing countries it is con-
sidered large. Many Third World power systems rely primarily on
small diesel generators and oil-fired steam plants rather than the large
coal and nuclear units that dominate the power systems of industrial
countries.

One of the chief advantages of small power projects is that they can
be built quickly. At a time when demand forecasts and future eco-
nomic conditions are uncertain, small projects can be planned to
match actual needs rather than dubious forecasts. Financing charges
typically account for a large share of the expense of power projects,
which can be greatly reduced if a project is completed quickly. The
real cost of borrowing money today is substantially higher in most
Third World countries than in the industrial world, which makes
small, short lead-time projects even more attractive. In addition,
small power projects often have lower foreign exchange requirements
than larger ones since more of the parts can be built locally.

Diesel generators have been used for small-scale power generation in
remote areas for decades, and provide important experience in the
operation of decentralized systems. An estimated 580 megawatts of
stand-alone diesel sytems are now in use in the Third World. Diesel
generators of 10 kilowatts or less are used to power individual homes
and communications systems, while larger generators of several
hundred kilowatts or more can power a whOle village or military
encampment.75
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"The next frontier in rural electrification
and in rural energy development generally

is the use of decentralized power
technologies relying on renewable

resources."

Diesel generators are relatively inexpensive to install$400 to $1,000
per kilowatt, or less than $10,000 for a 10-kilowatt systembut ex-
pensive to operate. Diesel generators are relatively inefficient and
even with lower oil prices the cost of fueling them is substantial. Total
diesel generation costs typically range from 15e to 50e per kilowatt-
hour, compared to an average cost of grid electricity m the Third
World of about 7¢ per kilowatt-hour. These high operating costs
mean that most villages that rely on diesel generators can operate the
system for only a few hours a day, usually in the late afternoon and
early evening when food is prepared and lighting is needed.76

Other disadvantages of diesel generators include a need for frequent
maintenance; neglect often leads to breakdowns and time-consuming
repairs. Often a damaged generator must be fixed in a distant town.
A village desiring reliable power service has to have a spare generator
ready if the primary system breaks down, which adds further to
costs. In addition, the diesel fuel must often be carried long distances
over unpaved roads and is sometimes not available after a heavy
storm or if the government should restrict imported fuel because of
foreign exchange shortages. For all their disadvantages, diesel gener-
ators have served an important role in many situations where no
other technology would do. Today, however, there is a much wider
array of small power options available, many of which can substitute
for or complement diesel systems.

Small hydropower is the most mature small power alternative.
Usually classified as less than 15 megawatts in capacity, small hydro's
advantage is that the technology is well developed and economical. A
study for the U.S. Agency for International Development found that
10,000 megawatts of non-grid-connected small hydro projects had
been constructed in the Third World by 1983. The development of
small hydro has only begun, however, and many developing coun-
tries are now actively exploiting their hydropower potential. One
study projects that the capacity of stand-alone small hydro systems
will reach 29,000 megawatts in 1991. Total worldwide potential is
probably well over 100,000 megawatts. Detailed surveys have been
carried out in few countries, butpreliminary estimates indicate that
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small hydropower potential in many countries exceeds total installed
power capacity." (See Table 8.)

Despite growing interest in small hydropower, it receives a small
share of total power funding. There are several reasons. Few coun-
tries have done a thorough inventory of small hydro sites and plan-
ners do not know the- potential. Many nations lack the technical
expertise to design and build small hydro projects. And many Third
World utilities have a continuing bias toward large projects managed
by multinational firms; small projects designed and built locally are
rarely zonsidered.

One of the difficulties in small hydropower development is that each
project is unique, dependent on the topography and hydrology of the
site. Each requires special design and construction considerations
that would be unnecessary for a diesel generator. Skilled engineers
and managers must be available to assess the feasibility of a proposed
project and then carry it through. Often, engineers trained in the
West overdesign small hydro projects, using the specifications em-
ployed in industrial countries. Their designs lead to the need for
extensive foreign consultation, the import of many devices and mate-
rials, and high costs. Many of the smaller hydro projects are simply
infeasible if this approach is employed.78

Since 1980, substantial efforts have been made to develop indig-
enous, appropriate approaches to small hydropower development.
Some have been started by government and multinational agencies,
but others are the result of village-level experimentation. Many
micro-hydro projects under 100 kilowatts in capacity are "run-of-the-
river" systems that require less extensive civil works and employ
locally manufactured equipment. Experience with small mills and
irrigation systems often provides a pool of local talent to carry out
such projects.79

As small hydro projects multiply, entrepreneurs in India, Nepal, and
Pakistan have started manufacturing pipes, turbines, generators, and
load controllers locally-Similar enterprises havebegun to appear in
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Table 8: Decentralized Hydropower Potential in Selected Countries

Country
Small Hydro 1982 Installed Small Hydro Potential

Potential Power Capacity' as Share 1982 Capacity
(megawatts) (megawatts) (percent)

Peru 12,000 3,300 360
India 10,000 35,400 28
Philippines 4,000 4,800 83
Costa Rica 2,700 650 415
Thailand 1,100 4,630 22

Indonesia 1,000 5,170 19

Guatemala 1,000 530 190

Nepal 800 138 580

Guinea 560 102 550

Bolivia 500 500 100

Pakistan 300 4,100 7

Madagascar 270 190 142

Sri Lanka 200 500 40

Liberia 150 360 42

Jamaica 100 680 15

'Figure reflects country's total generating capacity, not just hydropower.

Source: Hagler, Bailly & Company, "Decentralized Hydropower in AID's Develop-
ment Assistance Program."

parts of Africa and Latin America where small hydro development is
active. Such innovations have reduced the cost of some small hydro
projects from the $3,000 to $6,000 per kilowatt typical of many heavily
engineered systems to as low as $1,000 to $2,000 per kilowatt.80

Nepal, located on the southern edge of the Himalayas, is one of the
most difficult countries to supply with a central power grid and one of
the best endowed with small hydropower potential. Both the Ne-
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palese government and international development agencies have un-
dertaken small hydro development in Nepal, but the most successful
efforts are low-budget projects constructed by private nonprofit or-
ganizations. The United Mission to Nepal, an indigenous, church-
supported organization, has helped establish a private small hydro
industry that has installed 65 water-powered mills since the mid-
seventies, most of them for grinding grain in areas that are more than
a day's walk from the nearest road. Most of the components are
manufactured in Nepal, and many innovations have been made as
development has proceeded. Although most of these projects are
mechanical mills used to grind grain or saw logs, many of the lessons
can be applied to water - powered electricity generators. Similar efforts
have succeeded on a smaller scale in India, Pakistan, Zaire and else-
where.81

Isolated small hydro projects, many of them supported by aid agen-
des, have appeared throughout the world. A 12-kilowatt plant in
Khun Khong,,Thailand, generates electricity for a village and adjacent
forestry station. A larger 3,000-kilowatt plant provides power for a
nearby town. On the island of Bali in Indonesia, a generator has been
added to an irrigation project, providing 90 kilowatts of power to a
nearby town. In Chongos Alto,-Peru, villagers did the excavation for
a project that will provide them with 425 kilowatts of electricity.82

Local participation and investment is the key to the world's most
extensive small hydropower program in China. China now has 76,000
hydro plants that supply 9,500 megawatts of power. Most of these
plants have been built since 1970 and are the foundation of what the
World Bank terms, "the most massive rural electrification effort ever
attempted in the developing world." About 40 percent of China's
rural townships and one third of its 2,200 counties get most of their
power from small hydrodams.83

Although overall plans are developed by China's leadership, "local
units" ranging from counties to towns, brigades, and communes are
in charge of much of the planning, execution, and financing of the
country's small hydrb projects. The national government has focused
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"Neither a completely government-
dominated power system nor an entirely

deregulated private approach can capture
the ideal mix of economic efficiency and

reliable service."

most of its effort on providing technical support. Large subsidies
were once available from the national government but most were
phased out in 1985. Many small hydro projects started as auton-
omous systems, but were later linked together in local grids or con-
nected to- larger central grids. China has effectively shown how to
build power systems from the bottom up."

China has also demonstrated that given the necessary incentive,
spirit of cooperation, and local leadership, power projects can be
carried out successfully at the local ,level. County officials are in-
structed to rely on the "three selfs"self-construction, self-
management, and self-consumption. The small hydropower program
appears to be thriving even in the midst of the country's new eco-
nomic policies which rely much -more heavily on free markets and
private initiative. For more than 100 ChineSe hydro equipment manu-
facturers, business is booming. China recently targeted 100 additional
counties for electrification using small hydropower by 1990 and the
government plans to more than double total small hydro generation
by the year 2000.85

Although China's approach is not applicable in the last detail to other
countries, the general model is. The blend of local and national in-
volvement, and private initiative and public cooperation has proved
effective. It is now apparent that neither a completely government-
dominated power system nor an entirely deregulated private ap-
proach can capture the ideal mix of economic efficiency and reliable
service.

Efforts are also under way to develop small-scale power systems
using biomass energy sources such as wood and agricultural wastes.
The advantage of biomass is that the fuels can be stored for use when
needed. Despite the fuelwood shortage in some regions, there are
many rural areas that have ample supplies of under-utilized biomass,
such as rice hulls or coconut shells. In addition, special crop or forest
plantations can be established to grow biomass specifically for use in
power generation.



Biomass-conversion technologies are more complex than hydro gen-
erators. Among the technologies used, the simplest is direct com-
bustion of biomass; using the heat to run a reciprocating steam
engine or a steam turbine, either of which can be connected to, a
generator. Another approach is to gasify the biomass, using the gas to
run a diesel or internal combustion engine. The village of =Piton in
Indonesia has installed two 40-kilowatt wood gasifiers, using the
electricity for pumped irrigation, food processing, and woodworking.
Finally, somebiomass sources can be converted to liquid fuels such as
ethanol or coconut oil. in the Philippines, some small generators are
run on coco-diesel, a mixture of diesel fuel and coconut oi1.86

The Philippines is also the site of the only large-scale effort to supply
a central power grid with electricity from wood-fired plants. The
National Electrification Administration started this "dendrothermal"
program in the late seventies to help reduce the country's costly
dependence on imported oil. Local labor and management developed
plantations of fast-growing leucaena trees for fuelwood. Equipment
for 17 power plants was imported from Britain and France.

Like many crash projects, the dendrothermal program ran into
trouble. Some of the plantations were started on extremely poor soil
and failed; much of the generating equipment required extensive
repairs before it.would work properly; and the country's worsening
economy forced a cutoff of funds for rehabilitating the program.- Only
three of the dendrothermal plants were working in 1985. This is
unfortunate because most of the problems appear to be resolvable,
and economic projections show that the dendrothermal plants can
produce power for less than the average cost of generation in the
Philippines. Too often, planners undertake innovative projects like
this one but lack the fortitude to work through the start-up problems
that are inevitable with first-time projects.87

Wind power also 'has considerable .potential in some developing
countries. Employed widely by American midwestern farmers in the
twenties before rural electrification, wind generators are proving ef-
fective in similar settings in the Third World. The most extensive
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effort so far is on the remote windswept plains of Inner Mongolia,
where Nomadic herdsmen are using 2,000 small wind turbines for
lighting, television, electrifying corral fences, and projecting movies.
A. portable wind turbine has been designed so that the nomads can
carrrryy their power source with them. Three Chinese factories are now
producing several thousand wind generators each year for use in
Tibet, Xinjiang, and other remote areas."

Grid-connected collections of wind generators called "windfarms"
also show promise. Windfarms were first built in California in the
early eighties and now supply the state with about 1,100 megawatts
of power. Utility-sponsored studies show that the better windfarms
can produce power at a cost of about 7c per kilowatt-hour, which is
competitive with conventional power sources in the United States.
Several developing countries are now studying the potential of wind-
farms, and small experimental projects are being tested in China,
India, and Pakistan. European and American firms have signed
agreements to establish joint wind turbine manufacturing facilities in
each of these countries. Third World wind-power development is still
at an early stage, and there is a need for detailed wind assessments
and feasibility studies. Early evidence indicates that wind power will
soon take its place as a decentralized power source that is economical
in many areas."

Solar photovoltaic cells are in a sense the ultimate decentralized
power source since they rely on sunlight, a more widely available
resource than wind, biomass, or falling water. Moreover, solar cells
directly produce electricity, requiring no generator or extensive civil
works. However, if electricity is needed after dark or in cloudy
weather, storage batteries or a backup generator must be added to a
photovoltaic system which can double the cost. Even without stor-
age, photovoltaics can provide important amenities to villages that
cannot afford other alternatives. The main barrier to photovoltaics so
far is the relatively high costabout $10,000 per kilowatt or a generat-
ing cost of over 50t per kilowatt-hour.'Development of solar cells is
progressing rapidly however, and many experts expect their cost to
be cut at least 50'percent during the next decade.90



Even today, for some very small uses of electricity in remote areas
(less than one kilowatt) photovoltaics are less expensive than a diesel
generator. Remote communications systems and weather stations
now commonly use photovoltaics, and there are several thousand
remote homes in the United States that have solar power systems.
Foreign aid programs have brought solar power systems to a number
of Third World villages. In 1978, the U.S. Agency for International
Development installed a 1.8-kilowatt photovoltaic system at the Tan-
gaye village in Burkina Faso that is used mainly for lighting, water
pumping, and grain grinding. A much larger -25- kilowatt system was
installed in a Tunisian village in 1982, also for water pumping and
household tasks. A West German team installed another 25-kilowatt
system in an Indonesian fishing village in 1984 to produce ice for
storing the fish catCh.91

The largest village photovoltaic project to date is on the island of
Faaite, Tahiti, where over 550 homes were electrified in 1982 and
1983, using solar cells manufactured in France and systems designed
and built in Tahiti. With the help of government subsidies, the sys-
tems were quickly installed on rooftops at a cost of $1,500 per house.
This project was carried out by a private French Polynesian firm that
hopes to install similar systems in other parts of the South Pacific.92

Third World interestin photovoltaics is rising quickly. Several coun-
tries, including China and India, have recently signed agreements
with foreign companies to begin the domestic manufacture of photo-
voltaic systems. "Turnkey" photovoltaic plants can now be estab-
lished almost anywhere in the world, and developing countries can
make a gradual transition from simply assembling systems locally to
developing fully integrated domestic manufacturing processes. Stud-
ies in India show that photovoltaics are now economical for many
small applications, and Indian companies are installing several hun-
dred systems each year If costs continue to fall as- projected, there
seems little doubt that photovoltaics will eventually become the most
important power source in many Of the world's villages.93
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"If costs continue to fall as projected, there
seems little doubt that photovoltaics will

eventually become the most important
power source in many of the world's

villages."

Companies in the United States are now building and marketing
small hybrid power systems that incorporate wind or solar generation
with a diesel generator for backup power. The North Wind Company
in Vermont has installed 125 hybrid systems in 17 countries, most of
them incorporating wind power or photovoltaics. Another company,
Earth Energy Systems of Minnesota, sells a 10-kilowatt system that
includes photovoltaics, a wind turbine, diesel .generator, and bat-
teries. Although it costs at least $7,000 per kilowatt of total capacity
far more than most central systems--in many remote areas it is
cheaper than the alternatives. The key to the economics of such
systems is that their size be Carefully matched to power needs and
that the power not be used wastefully."

It is notable that little of the development of decentralized power
systems has -been the work of national power authorities. They are
simply not accustomed to executing small projects at the local level.
This opens a wider issue: Should the private sector be brought into
the .power generation business? This is a promising concept, but runs
against the .grain of power-planning over the past two decades. In
Latin America in particular, long battles were waged-to abolish pri-
vate utilities, and factories that cogenerate power were forced to shut
down. But current proposals to introduce competition into the power
industry are not aimed simply at bringing .back the private utility
monopolies of the fifties. Rather, the idea is to create hybrid com-
petitive power systems in which there is some central planning and
control, but in which private companies are encouraged to bring
innovation and efficiency to the system.

Recent initiatives in opening up the electricity system to competition
have come in countries where power expansion programs have run
into significant problems. These include Colombia, Turkey, and -Pa-
kistan. The utilities in these countries have reached the limit of their
capacity -to finance and manage additional projects, and will experi-
ence power shortages if construction budgets. continue to be cut. In
Pakistan, the Water and Power Development Authority is already
short of capacity by 1,200 megawatts, anci.rolling blackouts are com-
mon.95
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5
The World Bank and the U.S. Agency for International Development
are actively studying the feasibility of private power projects m sev-
eral countries. Private companies, probably in partnership with -for-
eign corporations, would be offered contracts to, build and operate
power plants and sell the power to the national utility at a fixed price.
The foreign partners would help raise the foreign exchange needed
and could own equity in the project. Both large central power projects
and small decentralized facilities could be built independently of
national power authorities.

Private power projects have flourished in the United States in the
early eighties largely as- a result of the Public Utility Regulatory
Policies Act (PURPA) passed in 1978. Under the act, U.S. urilities are
required to purchase power from independent producers at the long-
run marginal cost of generation. This, together with the availability of
tax credits, has resulted in over 25,000 megawatts of proposed small
power projects, half of which is fossil-fuel-fired cogeneration (coin-
bined production of heat and power) and the rest a= diverse mix of
wind power,-hydropower, wood -fired plants, waste-fired plants, and
solar power projects. In California, enough power contracts have
been signed to provide more than one third of the state's electricity.96

Several developing countries are now studying the U.S. model and
privately developed- generating plants are beginning to appear in
some countries. In the state of Gujarat, India, the State Electricity
Board offered in 1985 to pay the equivalent of 10¢ per kilowatt-hour
for privately generated wind- power. It is too early to know the out-
come of this offer or whether it will be extended to other energy
sources, but Gujarat already has the Third World's first operating
windfarm, and its state government has successfully supported- the
development of other renewable energy sources. The Chinese gov-
ernment is encouraging local governments and industrial enterprises
to pool their resources to build power plants independently of the
national Ministry of Water Resources and Electric Power.97

Opening the power system to private competition is both a way- to
bnng financial resources to electricity projects and a way to spur the
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development of innovative technologies. Countries with different
political systems and power industries seem to be moving in similar
directions, which makes the new developments particularly note-
worthy. The end of the era of exclusive government power monopo-
lies will almost certainly open opportunities to improve the reliability
and cost-effectiveness of electricity systems.

There are no simple prescriptions to solve the Third World's power
problems. The needs are vast and the available resources small. New
initiatives must be carefully designed if they are not to create as many
problems as they solve. However, some risks must be taken because
existing institutions are foundering beneath the weight of the prob-
lems that confront them.

Increased efficiency, more attention to the special energy needs of
villagers, and the development of decentralized power technologies
can together contribute significantly to the viability and effectiveness
of Third World power systems. However, the- most fundamental
change needed is a philosophical one. Electricity should not be con-
sidered an end in itself but rather a means to reaching broader devel-
opment goals. Less effort should be placed on accelerating the pace of
expansion of power systems and more on ensuring that they effec-
tively promote development.
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