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INTRODUCTORY NOTE

Energy consumption in developing countries has been rising rapidly and
Substantially faster than in developed countries. All indications are that
continued growth in energy use will accompany any success such conntries
have in improving living standards for the rest of this century and beyond.
This pattern of energy demand growth stands out even more clearly when the
commercial fuels alone are considered.

Among the commercial fuels, oil has a special place in developing
countries. It is the most versatile of the energy sources, it tends to
require the least infrastructure to oring to bear in doing useful work, and
in a context of scattered and small scale applications,; user capital per
unit of work delivered is relatively low.

These generalizations have gained wide acceptance, and to the extent
they are true, their implications are important:

Developing countries will be placing greater and greater demands on
world fuel supplies, especially oil, contributing to upward pr:ssures
on o0il prices.

Rising prices of oil will seriously hinder economic growth and
consumption in developing countries. '

There is an incentive for developed countries to assist developing
economies in their efforts to conserve energy--to foster substitution
for it of other (now relatively cheaper) factors of production.

And similarly, substitution of other energy sources, both
traditional and commercial, for oil may be in the interest of oil
importers (if not oil exporters) everywhere.

"Factors Affecting the Composition of Energy Use in Developing
Countries" offers insight on the potential for substituting other energy
sources for oil. 1In identifying the factors which influence o0il use, by
inference Joy Dunkerley and Gunnar Knapp also suggest points at which
intervention to restr.in it may be more or le:3 effective and more or less

costly. Analysts and policy makers with responsibility for developing


http:restr_.in

country energy policies will find much here to consider when deciding on
such intensely practical questions as the prospective returns to new hydro
projects or the wisdom of different levels of subsidies to kerosine.

This study is ar outgrowth of ongoing work on energy and developing
countries at Resources for the Future. It was funded by the Agency for
International Development under the ARDEN (A.I.D.-RFF Development and
ENergy) Cooperative Agreement No. AID/DSAN-CA-0179.

The analysis of energy use patterns by form and source reported on
here represents a further development of the analysis contained in Energy

Strategies for Developing Nations (Baltimore: Johns Hopkins University

Press for Resources for the Future, 1981) by Joy Dunkerley, William Ramsay,
Lincoln Gordon and Elizabeth Cecelski and is a companion to two earlier
studies "Industrial Energy Demand and Conservation in Developing Countries"
by John E. Jankowski, Jr. (RFF Discussion Paper D-73A) and "Interfuel
Substitution in the Indian Economy" by Ashok V. Desai (RFF Discussion Paper
D-73B).

We issue this report cn work in progress with the multiple purposes of
informing the policy community of the state of knowledge, of stimulating

research elsewhere, and of eliciting comments on our own efforts.

Milton Russell
Director, Center for
Energy Policy Research



Chapter 1

INTRODUCTION

The radical changes 1in energy prices since 1973 are likely to have
significant effects upon the composition of energy use in developing countries.
Although there have been major fuel substitution cycles in the past--of wood by
coal and coal by cil--the nature of this process is not well understood.
Little has been done to evaluate the lessons of this past experience with a
view to providing guidance for the future.

In developing countries, the problem of effecting changes in the
composition of commercial fuel supplies is compounded by structural changes in
their economies as development takes place. Typically, as income rises,
agriculture and industry become more mechanized, relative prices or
availabilities of traditional fuels change, and urban populations grow rapidly.
These changes tend to bring about a shift in energy consumption from
traditional or "noncommercial" fuels, such as wood and dung, to commercial
fuels. In particular, they have resulted in rapid increases in petroleum
consumption in many daveloping countries--complicating the problem of
restraining petroleum consumption. It is difficult to separate the effects of
structural changes in the economy from those of changing prices upon the
composition of energy use.

This study will examine these and other factors affecting the composition
of energy use in developing countries. We examine present energy use, and how
it is 1likely to change in response to changes in energy prices, economic
growth, and government energy policies. This analysis is of particular
relevance to the need for substituting other energy sources for expensive,

imported petroleum.



Trends in the Composition of Energy Use

By way of introduction, we may briefly review two ma jor trends over the
past three decades in the composition of energy use in developing countries.
The first trend has been a decline in the share of noncommercial or traditional
fuels in total primary energy consumption, as menticned above. Examples of
this trend are provided in table 1-1.

The second trend has been the declining share of coal in total commercial
energy use (coal, liquid fuels, gas, and primary electricity). As shown in
table 1-2, in 1950, coal accounted for 39 perc:nt of total energy consumption
in developing countries, liquid fuels accounted for 55 percent, gas accounted
for U4 percent, and primary electricity accounted for 2 percent. By 1973 the
share of coal had fallen to 16 percent, while the shares of liquid fuels, gas,
and primary electricity had risen to 67 percent, 13 percent and U4 percent,
respectively. This substantial shift in the composition of energy use took
place in the context of a rapid rise in total energy use. Thus LDC coal
consumption in 1973 was double the 1950 level, despite the declining share of
coal in the total. The increasing shares of the other fuels indicate
particularly rapid rates of growth in total consumption, averaging 8 percent
for oil, 13 percent for gas and 11 percent for primary electricity over this
period.

Since 1973, the shares of these fuels in total commercial energy
consumption have stabilized, bringing a halt to these apparently well
entrenched patterns. Due to the still relatively short period of time since

the major price increases, their most important effects may be yet to come.

1. Unless otherwise stated, in presenting data we will use the term
"developing countries" to refer to market or noncentrally planned
developing countries as defined in United Nations Statistical Office, World
Energy Supplies, Statistical Papers Series J (New York, UN), various
issues. Note that these countries include the OPEC developing countries.
Although OPEC countries account for a large share of energy production
among developbing countries, their share of energy consumption is much
smaller. While we are primarily concerned with the energy problems of
non-OPEC countries, it is much more difficult to obtain consistent data
which excludes these countries.




Table 1-1. Share of Traditional Fuels in Total Primary Energy Consumption

(percent)
Countries 1967 1970 1975
Brazil 43 36 2?
Colombia 40 35 27
Egypt 2 3 2
India 28 27 25
Indonesia 71 64 58 -
Jamaica 9 7 4-
Kenya 72 72 63 .
Korea 16 11 7
Mexico | 8 6 4
Nigeria 88 86 70
Thailand 7 7 7

Source: International Energy Agency, Basic Energy Statistics and
Energy Balances of Developing Countries, 1967-1977. Proceedings of
Workshop on Energy Data of Developing Countries, December 1978, volume
II (Paris, OECD, 1979).




Table 1~2. Primary Commercial Energy Consumption in Developing Countries, Selected

a
Years

Liquid Primary
Coal fuels Gas glectricity Total
Millions of metric tons
of oil equivalent
1950° 36 51 4 2 93
1973 73 310 62 17 462
1978 95 425 90 26 637
Percent of total
1950 39 55 4 2 100
1973 16 67 13 4 100
1978 15 67 14 4 100
Annual growth rate
(percent)
1950-1973 3.2 8.1 12.7 10.6 7.2
1973-1978 5.4 6.5 7.9 9.5 6.6

Source: 1973 and 1978: United Nations Statistical Office, World Energy Supplies,
1973-1978, Statistical Paper Seriess J, no. 22, (New York, UN , 1979), p. 45; 1950:
United Nations Statistical Office, World Energy Supplies, 1950-1974, Statistical Paper
Series J, no. 19 (New York, UN , 1976), p. 1l.

3Includes Developing Market Economics.

bFor 1950, metric tons of coal equivalent figures were converted to metric tons
of o0il equivalent using 1.5 million metric tons of coal = 1 million metric tons of oil.



Differences Among Countries in the Composition of Energy Use

The countries which we term "developing" are extremely heterogeneous with
respect to factors affecting energy use, such as aconomic structure, income
levels, natural resource endowment, and transportation infrastructure. As
shown for the eighteen countries in table 1-3, there is correspondingly wide
variation in the composition of energy consumption.

For all of these countries except Fekistan and India, the share of oil in
energy provided by fossil fuels in 1975 was over 50 percent. For twelve of
these countries, the share of o0il was over 70 percent, and for nine of these
countries the share of oil was over 85 percent.

In contrast, there was wide variation among countries in the role of coal
and natural gas. In seven countries the share of coal was less than 5 percent,
while in six countries the share of coal exceeded 15 percent. 1In particular,
the share of coal was very high in India (76 percent) and Korea (50 percent).
Differences were even greater in the use of gas. 1In eleven countries, gas
accounted for less than 2 percent of the energy supplied by fossil fuels, while
in three countries (Bangladesh, Pakistan, and Mexico) its share exceeded 25
percent. There is also wide variation among countries in the consumption of
hydroelectricity. Even with a generous allowance for the higher efficiency of
hydropower, its share in commercial energy in 1975 was less than 10 percent in
eight of the countries. However, in three countries this share exceeded 20

percent: Zaire (57 percent), Brazil (29 percent), and Colombia (20 percent).

How Different Fuels Are Used

Relatively 1little internationally comparable data are available which
disaggregate energy consumption by fuel and end use. However, we may identify
the most important end uses for the major fuels using data presented in
appendix A. One consistent trend among countries is the large share of the
transportation asector in the use of oil (table A-1). In six of the nine
developing countries for which data were available on end uses of oil, the

transportation sector accounted for over Y40 percent of total oil use. In



Table 1-3u. Shares of Fossil Fuel Energy Consumption by Fuel in 18 Developing
Countries
(percent)‘

1967 1975

Country Coal 011 Gas Coal 011 Gas

Bangladesh - - -— 16,1 54,1 29.8
Upper Volta 0.0 100,0 0.0 0.0 100,0 0.0
Zaire 37.3 62,7 0.0 15.3 84.7 0.0
India 82.2 17.4 0.4 76.0 23.0 1.0
Kenya 4.4 95.6 0.0 2.3 97.7 0.0
Indonesia 2.0 61,5 36.5 0.9 86.7 12,4
Pakistan 15.5 54.4 30.1 8.0 41,0 51.0
Thailand 2.1 97.9 0.0 1.6 98.4 0.0
Philippines 1.0 99.0 0.0 1.0 99.0 0.0
Egypt 5.9 93.2 0.9 11.6 78.5 10.0
Nigeria 14.6 72.8 12,6 4,2 85.4 10,5
Ecuador ~.0 100.0 0.2 0.0 99,1 © 0.9
Korea 70,6 29,4 0.0 49,9 50.1 0.0
Colombia 29,0 56,6 14,4 23,3 59.6 17.1
Turkey 39.5 60,5 0.0 27.0 73.0 0.0
Mexico 6.7 68.6 24,7 8.1 66.4 25,4
Portugal 25.0 75.0 Q.0 7.5 92.4 0.1
Brazil 12.9 86.4 0.8 8.0 89.7 1.3

Table 1-3b. Relative Shares of Primary Electricity and Fossil Fuels in Commercial
Energy Consumption in 18 Developing Countries

(percent:)8
1967 1975

Primary Fogsil Primary Fossil
Country electricity fuels electricity fuels
Bangladesh - - 8.1 91.9
Upper Volta 0.0 100.0 0.0 100.0
Zaire 48,2 51.8 56.9 43,1
India 7.6 92.4 9,7 90.3
Kenya 12,4 87.6 14,5 85.5
Indonesia 2.8 97.2 2.6 97.4
Pakistan 8.5 91.5 13.8 86,2
Thailand 8.3 91,7 10,3 89.7
Philippines 7.1 92,9 11,7 88.3
Zgypt 8.0 92,0 14.4 85.6
Nigeria 2.6 97.4 14,4 85.6
Ecuador 8.8 91,2 7.7 92.3
Korea 2.0 98.0 1.7 98.3
Colombia 14,0 86.0 20.0 80.0
Turkey 6.2 93.8 7.9 92.1
Mexico 9.7 90,3 7.7 92.3
Portugal 31.1 68.9 22,3 7.7
Brazil 26,3 73.7 29,2 70.8

Svurces: United Nations Statistical Office, World Energy Supplies 1972-1976,
Statistical Papers, Series J, no. 21 (New York, UN, 1978) Table 2., United Nations
Statistical Office, World Energy Supplies 1950-1974, Statistical Papers, Series J,
no. 19 (New York, UN, 1976) table 2.

3Shares may not sum to 100 due to rounding.

bIn order to roughly adjust for the difference in efficiency of use between
primary electricity (hydro and nuclear generated electricity) and fossil fuels which
are used to produce electricity, the heat content of hydro and nuclear electricity
was multiplied by a factor of three.



general, industry, the household sector, and electricity generation, in that
order, accounted for the next largest shares of oil use.2’3

The structure of coal and gas use in the developing countries is much more
diverse than that of oil (tables A-2, A-3). In seven of the eleven countries
for which data on end uses of coal are available, the industrial sector
accounted for the largest share of coal use, while in two countries the
household sector was most important. Electricity generation and transportation
were each most important in one countr‘y.u In five of seven countries for which
data on end uses of gas were available, industry accounted for the largest
share of gas use, with the household sector the most important in the other
two.5 Elec.ricity generation was another important use of gas.

Virt ally all electricity is used in the industrial and household sectors.
Most noncommercial fuels are used in the household sector, although industry

uses significant quantities in some countries.

Outline of the Study

This study will examine in greater detail the patterns of energy
consumption and supply described briefly above. 1In chapter 2 we investigate
energy supply in the developing countries. Energy prices and resource
endowments, through their effects upon supply, help to explain common trends in
energy use in developing countries, as well as variation among countries.
These same factors are likely to continue to affect supply conditions in the

future.

2. In this section we include Portugal and Turkey among developing
countries.

3. These nine countries exclude Egypt, Indonesia and Korea, for which
the unallocated share of oil consumption exceeds 36 percent.

4. These eleven countries exclude Colombia, for which the unallocated
share of coal is 77 percent.

" 5. These seven countries exclude Indonesia and Colombia, for which the
unallocated share of gas consumption exceeds 40 percent, and Kenya,
Thailand and Korea, where gas consumption is insignificant.



In chapter 3 we consider factors affecting demand for energy in the
developing countries. We first examine the changing composition of energy use
in the major consuming sectors, and the reasons for these changes.
Subsequently, we examine how overall structural changes in the economy affect
the composition of energy use as the relative importance of different sectors
changes.

In chapter Y4 we discuss the effects of government policies on the
composition of energy consumption and finally, in chapter 5, we summarize our
conclusions and discuss their implications for the future. We also identify

areas where further research is needed.

Data

A number of problems arise in collecting and analyzing data on energy use
in developing countries. In comparing and aggregating energy use from
different sources, it is necessary to assign energy weights to physical units
of different energy sources. The most common practice is to weight different
energy sources by their theoretical energy content. Consumption of fuels which
are burned is generally presented in terms of the weight of a standard grade of
oil or coal needed to produce an equivalent calorific value in combustion.
However, it is difficult to calculate these conversion coefficients for the
wide range of fuels used in developing countries--especially for noncommercial
fuels.

For energy sources which produce electricity but do not involve
combustion, s'ch as hydroelectricity and nuclear power, one practice is to
calculate the volume or weight of the standard grade of coal or o0il needed to
produce the same amount of electricity. Another 1is to report directly the
calorific value of the electricity generated. The former practice, which is
the one followed in this study, attributes an energy content to
hydroelectricity and nuclear power roughly three times that of the calorific
value of the electricity generated.

Where fuels are used for similar purposes with relatively similar
efficiencies, aggregation of the total energy content of different fuels
provides an indication of the "useful" energy contribution of different
sources. However, the greater the variation in efficiency of energy use

between different energy sources, the less meaningful aggregate measures or



comparisons of total energy content will be. Total energy content may bear
little relationship to the useful contribution of the energy source in
production, or to the way in which different energy sources could be
substituted for each other. As a result, aggregation and comparison of total
energy contents of widely varying energy sources may be misleading.

An alternative to weighting fuels by total energy content is to weight
fuels by "useful energy" provided. Since the efficiency of energy use varies
widely between energy sources and uses, calculation of weights is difficult and
somewhat arbitrary. However, in order to take account of this variation, we
have presented some data in this study in terms of "useful" energy contribution
as well as the more standard heat content measures. The "useful enei°’gy" data
are calculated using the sector efficiency coefficients for each fuel presented
in appendix B.

We have presented data for different groupings of developing countries
depending on data availability. Supply data is given for eighteen developing
countries representative of a wide range of per capita incomes, development
paths, and resource endowments. Reflecting our focus in this study, these
countries are primarily oil-importers. For purposes of comparison, data on
four "developed" countries (Italy, Japan, Germany and the United States) are
included in these tables.

Internationally comparable data for developing countries on end uses of
energy are more limited. The International Energy Agency has published energy
consumption balance sheets for the years 1967-77 for a number of developing
countr'ies.6 However, in many countries a large share of energy use remains
unallocated by sector. Thus in a number of cases our analysis was limited to
eight countries--Brazil, India, Kenya, Mexico, Nigeria, Portugal, Thailand, and
Turkey, as well as the four developed countries mentioned above. However,
there is considerable diversity among these countries, and they include several

of the largest developing countries.

6. These are presented in International Energy Agency, Basic Energy
Statistics and Energy Balances of Developing Countries, 1967-1977.
Proceedings of Workshop on Energy Data of Developing Countries, December
1978, vol. II (Paris, OECD, 1979).
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Chapter 2

SOURCES OF ENERGY IN DEVELOPING COUNTRIES

Introduction

Energy is either imported or produced domestically. We begin by examining
the role of energy imports in the developing countries. More than half the oil
consumed 1is imported; 1in contrast supplies of other fuels are mostly
domestically produced. We examine the effects of declining world oil prices
prior to 1970, followed by rising real oil prices on developing countries
imports of oil.

Next we examine domestic energy production in developing countries. There
is wide variation between countries in both present as well as potential
production of domestic energy resources. Levels of import dependence, as well
as the composition of energy use, may in large part be explained by differences
in domestic energy resources. Finally, we review in greater detail factors
affecting a number of different fuels in developing countries and consider

their potential role in energy consumption.

Energy Importis and World Energy Prices

Table 2-1 shows the share of energy imports in energy consumption in
developing countries for 1950, 1973, and 1978. In 1978, imports of energy
petroleum products accounted for almost 60 percent of consumption, whereas
imports of other fuels were very low relative to consumption. Put differently,
consumption of coal, gas, and primary electricity is likely to be closely
related to domestic production whereas consumption of o0il is much less
dependent upon domestic production. The share of imports in developing
countries' oil consumption is high, even though the developing countries as a
group are net exporters of oil, since the most important oil-exporting
developing countries consume relatively little oil compared to their exports.
However, the share of oil imports in developing countries' oil consumption has
been declining since 1950 due to the expansion of both crude oil production and

refinery capacity in developing countries.
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Table 2-1. Commercial Energy Imports as Percentage of Consumption,

Developing Market Economies, Selected Years

Energy
petroleum Primary
Coal product s2 Gas electricity
1950 14,1 86.9 12.8 0.4
1973 6.9 63.2 2.7 0.7
1978 10.4 59.0 2.5 0.7

" Sources: United Nations Statistical Office, World knergy
Supplies, 1950-1974, Statistical Papers, Series J, no. 19
(New York, UN, 1976), pp. 124, 263, 280, 568; United Nations
Statistical Office, World Energy Supplies, 1973-1978,
Statistical Papers Series J, no. 22, (New York, UN, 1979),
pp. 104, 158, 238, 290.

IThe figure for imports of energy petroleum products includes
both direct imports as well as "indirect imports"--domestically
refined energy petroleum products produced from imported crude oil.
Indirect imports were estimated by multiplying the share of crude
oil imports in apparent supply of crude oil by domestic production
of energy petroleum products.
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Imported oil alone accounted for 40 percent of developing countries total
commercial energy consumption in 1978.7 This is due in part to past trends in
international o0il prices. Between 1950 and 1970 the export price of Saudi
Arabian oil fell from $6.60 to $3.48 per barrel in constant 1978 U.S. dollars.8
While comparable data for steam coal are not available, steam coal prices in
other markets stayed constant or did not decline as sharply, leading to an
improvement in the competitive position of oil vis-a-vis coal. Responding to
these price shifts, developing countries' imports of coal declined slightly
between 1950 and 1973, while imports of oil more than quadrupled.

The decline in international oil prices also heips to explain the low
level of exploration for and development of indigenous energy resources in
developing countries during this period. For many countries imported oil was
a cheaper energy source than was available domestically--esprcially given the
high infrastructure costs associated with development of dcmestic resources.

In the 1970's, the trend towards cheaper oil was reversed. Between 1972
and 1979, the world export price of oil increased by a factor of 7.7 in o.rent
dollars, much greater than the rise in coal prices. These price changes have
had two effects. First, they have increased “he ottractiveness of other fuels
relative to oil. Secondly, the oil price rise has grecatly increased the extent
of domestic energy resources--both oil and nonoil--which may be economically
developed. Although the real cost of energy has risen, the proportion of this
cost which countries may potentially provide from their own resources has also

risen.

Domestic Energy Supplies

While the evolution of world oil prices helps to explain common trends
among developing countries in the composition of energy use, indigenous energy
resource endowments help to explain many of the differences. Developing

countries vary substantially in their endowments of energy resources. Table

T. This figure may be derived by multiplying the share of o0il in
developing countries' zommercial energy consumption--67 percent (see table
1-1)--by the share of imports in oil consumption--59 percent (see table
2"'1)0

8. World Bank, Commodity Trade and Price Trends, Report #7C-166/79
(Washington, D.C., World Bank, August 1979) pp. 92-95.
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2-2 summarizes data presented in appendix C on the fossil fuel reserves and
hydroelectric potential of developing countries. The grouping by row indicates
countries' per capita endowments of fossil fuel reserves (oil, coal, and gas).
For the purposes of this éable, we categorize countries' endowments low if
total reserves per capita are less than one ton of coal equivalent, medium if
total reserves per capita are between one and ten tons of coal equivalent, and
high if total reserves per capita exceed ten tons of coal equivalent. For
reference, one ton of coal equivalent per capita is approximately the level of
per capita commercial energy consumption in countries at a medium level of
development, such as Korea (1.2 tce), Portugal (1.1 tce), and Mexico (1.3
tce)-9 It is roughly one third the level of per capita energy consumption of
Ttaly and one tenth that of the United States. The groupings by column in
table 2-2 indicate the 1level of hydroeleétric potential. We categorize
potential as low if annual energy per capita potentially :vailable from
hydroelectricity is less than .2 tons of coal equivalent, mediun if potential
is between .2 and 1 tce, and high if potential exceeds 1 tce. The table also
indicates the degree of dependence upon imported oil in total energy
consumption and whether or not countries are considered by the World Bank to
have actual or potential fuelwood problems.

Although the data upon which table 2-2 is based are highly approximate,
they do give some indication of the degree of diversity between countries in
domestic energy reserves. As shown by the first row of table 2-2, a large
number of developing countries do not presently have fossil fuel reserves
equivalent to even one year's commercial energy consumption for a country at a
"medium" level of development. Almost all of these countries are dependent
upon oil imports for 75 percent of their commercial energy consumption.
Furthermore, those countries with fuelwood problems are concentrated among this
group. A smaller number of developing countries have intermediate or high per

capita reserves of fossil fuels. These countries tend to be much less

9. Figures for 1975 are from United Nations Statistical Office, World
Energy Supplies, 1973-1978, Statistical Papers Series J, no. 22 (New York,
UN, 1979) table 4. Metric tons were converted to tons by multiplying by
1.1023.




Fossil Fuel Reservesd

Table 2-2.
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Hydroelectric potcntialc

Energy Reserves and Import Dependenceaof Developing Countrlesb

Low Medium High
Fuelwoord No fuelwood Fuelwood No fuelwood Fuelwood No fuelwood
problem problem problem _pioblem problem problem
Burundi (J) Lebanon (3) Zamhia (2) Niecaragua (4) Burma (0) Costa Rica (4)
Ghana (3) Dominican Afghanistan (3) Panama (4) Centrul African Papua New Guinea (4)
Mniawi (3) Republic (4) Chad (4) Portugal (4) Republic (4) Paraguay (4)
Rwanda (3) Guatemala (4) Renin (4) Uruguay (4) Libecia (4)
Sri Larka (4) Ivorvy Coast (4) Guinea (4) Madagascar (4)
El Salvador (4) Jamaica (4) Honduras (4) Nepal (4)
Ethiopia (4) Jordan (4) Kenya (4) Niger (4)
Low Haiti (4) Mali (4) Upper Volta (4)
Lans (4) Mauritania (4)
Lesotho (4) Senegal (4)
Morocco (4) Sierra Leone (4)
Thilippines (4) Sudan (4)
Somalia (4) Tanzania (4)
Togo (4) Uganda (4)
Yemen Arab
Republic (4)
Pakistan (2) Zaire (0)
Hedium Thailand (4) Cameroon (4)
Indonesia (0) Mexico (0) Peru (0) Congo (0) Boliva (0)
Nigeria (0) Algeria (0) Argentina (1) Ecuador (0) Colombia (1)
Egypt (0) Malayeia (0) Chile (2)
India (1) Syria (0) Brazil (3)
High Bangladesh (2) Trinidad and Yugoslavia (2)
Tobago (0)
Tunisia (0)
Koreu (1)
Turkey (3)

Sources: World Bank, Energy in Developing Countries (Washington, D.C., World Bank, August 1980), pp. 80--86;
World Bank, World Development Report, 1980 (Washington, D.C., World Bank, August 1980), pp. 110-111.

%The figures in parentheses indicate net oil imports as a percentage of commercial fuel demand,
as follows: (0:) net oil exporters; (l:) 26-50%; (3:) 51-75%; (4:) 76-100%.

bDoea not include centrally planned economies, capital surplus oil exporters, or countries with
populations less than one million. Within each section, countries in the left-hand column are those
considered by the World Bank to have actual or potential fuelwood problems.

cCategories are defined as follows: Low: Annual energy potential per capita under conditions of
average flow from installed and installable capacity utlilized twelve hours per day less than .2 tons of coal
equivalent; Medium: annual energy potential per capita between .2 and 1 tce; High: annual energy potential
per capita more than 1 tce. Conversion assumes tce per year = 536.1 x potential capacity in megawatts
(baced on assumption of 1 mwh = .122 tce).

dCategories are defined as follows: Low: Less than 1 ton of coal equivalent per capita; Medium:
between 1 and 10 tce per capita; High: more than 10 tce per capita.
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dependent upon imported foreign oil. This group includes the larger and more
populous developing countries. It is primarily in these countries that energy
sources otiigr than oil play a significant role in consumption.

Perhaps the most striking feature of table 2-2 is that most of those
countries which are most dependent upon imported oil do not ... present have
fossil fuel reserves which would allow them to substantially reduce this
dependence. In many of these countries relatively little exploration has taken
place to date. Further exploration may result in the discovery of large new
reserves in some countries, and in some countries hydroelectric potential could
be substantially further developed. Nuclear powver and unconventional energy
sources such as solar power and biomass may also eventually become important
domestic sources of energy. However, rapid changes in the structure of energy
use are unlikely. Facilities to produce and deliver oil, coal, natural gas,
and hydro and nuclear power are highly capital intensive and require long lead
times to plan and construct. Thus, in the near future most energy importers
are likely to remain dependent upon energy imports. Usually this will mean
imported oil, as coal, natural gas, and electricity are difficult to import and
transport costs are high--especially for countries whose internal transport
system are under-developed. 1In those countries with moderate to high existing
reserves of fossil fuels, the range of energy options is great. However, the
time required to develop these options--as well as demand limitations--will
limit the pace at which adjustments may occur.

The availability of financing and technical and managerial skills~-often
provided by foreign assistance and investment--have also influenced the
development of domestic energy supplies. Countries such as Egypt, Ghana, and
Pakistan have constructed large hydroelectric generating facilities with the
help of foreign aid. Until recently, due to excess supply in world markets,
relatively less attention was devoted to exploration for and development of
fossil fuels. Only a few countries developed production and transportation
fueilities for coal and natural gas. These tended to be larger countries with
substantial industrialized or modern enclaves, where domestic demand could
support production, and indigenous financing and expertise were available.
Examples are India, Korea, and Turkey where coal is produced, and Mexico and

Pakistan, where gas resources have been developed.
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The plight of developing c¢-untries facing high energy import bills has
increased the attention focused by international aid institutions upon
providing assistance to developing countries for exploration and development of
new energy resources. For example, in August 1980 the World Bank proposed the
establishment of a new facility devoted entirely to financing energy
investments. Increased demand and higher prices for fossil fuels, as well as
uncertainty about the availability of traditional supplies, has also led to an
increase in private foreign investment for exploration and development of LDC
energy resources.

The following sections will review, in greater detail, factors affecting
the availability in developing countries of oil, natural gas, coai, hydro and
nuclear power, noncommercial fuels, and nonconventional energy sources.

Petroleum and Natural Gas N

Since they are often found together, we will discuss the supply of
petroleum and natural gas in the same section. Petroleum is the most important
commercial fuel in most developing countries, providing almost all commercial
energy used in the transportation sector, as well as a major share of energy
used in the industrial, household, and electricity generation sectors of most
countries. Petroleum accounted for 67 percent of commercial energy use in
developing countries in 1978. Natural gas, used in the industrial, household,
and electricity generation sectors and as a raw material for the fertilizer and
other chemical industries, accounted for 14 percent of commercin' Cnergy use.10
Transportation of natural gas was limited to land pipelines until techniques
were developed in the 1960s for ocean transport of liquified natural gas.11
This tended to limit gas consumption .o those countries which were producers.
Thus, in 1978 only 2.5 percent of developing countries' gas consumption
consisted of imports, compared with 59 percent of oil consumption (table 2-1).

Only three developing countries--Argentina, Mexico, and Malaysia--imported

10. UN Statistical Office, World Energy Supplies, 1973-1978, p. 7.

11. World Bank, Energy in the Developing Countries (Washington, D.C.,
World Bank, August 1980), p. 26.




natural gas.'2 Development of gas supplies for domestic use has also been
limited by the high cost of pipelines and distribution facilities, which
require large and concentrated markets to be competitive with oil products. As
a result, if local markets did not exist, associated gas (gas found
inassociation with oil) was usually flared, and discoveries of nonassociated
gas have not been developed.13 In addition, large fixed investments and
susceptibility of the gas industry to government regulation have lowered the
attractiveness of gas development to foreign investors.1u

Prior to 1970 low-cost Middle East discoveries helped to keep o0il prices
low and to divert resources from exploration and investment in higher cost
areas. According to the World Bank, "before the price increases of the
mid-seventies all but a few of the non-OPEC developing countries would have
been ill-advised" to spend money developing petroleum reserves. "Imported oil
was cheap, and expenditures on developing local supplies would have been a
particularly uneconomic form of import substitution."15 Since the oil pric.
increases, however, the prices of o0il and gas are high enough to develop known
reserves which would previously have been uneconomic due to small size or high
transport costs, as well as to undertake exploration in new areas where supply
development would previously have been uneconomical.

Table 2-3 presents a breakdown of noncapital surplus developing countries
by status of oil and gas production, reserves, and prospects for oil or gas
discoveries. In 1978, o0il or gas was produced in twenty-seven of these
countries, of which sixteen were net oil exporters and eleven were net
importers of o0il. Another nine countries had proven reserves of oil or gas,
while exploration was taking place with favorable geological prospects in

thirty-one countries. Tables 2-4 and 2-5 present data on o0il and gas

12. UN Statistical Office, World Energy Supplies, 1973-1978, pp.
228-233.

13. World Bank, Energy in the Developing Countries, p. 26.

14, World Bank, A Program to Accelerate Petroleum Production in the
Developing Countries (Washington, D.C., World Bank, January 1979) p. 7.

15. World Bank, A Program to Accelerate Petroleum Production, p. 14.
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Noncapital Surplus Developing Countries:
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By Level of 0il and Gas Production, Reserves and Explorntionn

011 exportersc

011 importing
countries
producing either
oil or gas

011 importing
countries which do
not produce oil or
gas but have proven
resources

0il importing
countries in
which exploration
is taking place
with favorable

geological prospects

for oil or gas
discoveries

011 importing
countries with
unfavorable
prospects for
oil or gas
discoveries

Trinidad and Tobago (0,G) Argentina (0,G)

Algeria (0,G)
Mexico (0,G)
Congo (0,G)
Syria (0,G)
Nigeria (0,G)
Malaysia (0,G)
Ecuador (0,G)
Tunisia (0,G)
Egypt (0,G)
Indonesia (0,G)
Peru (0,G)
Bolivia (0,G)
Zaire (0,G)
Burma (0,G)
Oman (0,G)

Chile (0,G)
Colombia (0,G)
Brazil (0,G)
Turkey (0)
Guatemala (0)
India (0,G)
Pakiatan (0,G)
Ghana (0,G)
Morocco (G)
Bangladesh (G)

Philippines (0,G)
Thailand (0,G)
Cameroon (G)

Chad (0)

Ivory Coast (G)
Tanzania (G)
Burundi

Papua New Guinea
Rwanda

Sri Lanka
Korea
Vietnam
Jordan
Yemen Arab Republic
Yem~~ PDR
Mozambique
Ethiopia
Madagascar
Somalia
Togo
Senegal
Benin

Central African Republic

Gambia
Guinea

Mali

Niger

Sierra Leone
Surinam
Uruguay
Jamaica
Guyana
Paraguay
Dominican Republic
Nicaragua
Costa Rica
Panama

El Salvador
Honduras
Haiti

Nepal
Singapore
Hong Kong
Western Samoa
Zambia
Mauritius
Botswana
Kenya
Lesotho
Malawi
Uganda
Gabon

Niger

Upper Volta

Sources: World Bank, Energy in Developing Countries

R. Vedavelli, Petroleum and Gas in Non-OPEC Developing Countries;

(Washington, D.C.,

1972-1976. Statistical Papers Series J, no. 21 (New York, UN, 1978).

(Washington, D.C., World Bank, August 1980) pp. 80-81;
1976-1985, World Bank Staff Working Paper No. 289

World Bank, April 1978) Annex II; United Nations Statistical Office, World Energy Supplies,

®Does not include capital-surplus developlng countries, centrally planned economies, or countries with
population less than one million.

bThe symbols O and G indicate that the country has proven reserves of oil or gas, respectively.

Classification as importers or exporters based upon 1978 U.N. trade figures.



Table 2-4. 011 Producticn and Reserves of Noncapital Surplus Developing Countries

Ratio of Projected
Reserves Production reserves to  Production Production Production production
pver capita per capita production 1967 1973 1978 1985 Rates of growth (percent)

0il exporters 1978 (mtoe) 1978 (mtoe) 1978 (mtoe) (mtoe) (mtoe) (mtoe) 1967-73 1973-78 1978-85
Trinidad/Tobago 82.7 10.91 7.6 9.2 8.8 12.0 8.6 -0.74 6.40 ~4.64
Algeria 62.3 3.07 20.3 38.4 49.6 54.0 4.36 1.71
Mexico 62.1 0.86 72.2 18.7 23.3 56.5 110.5 3.73 19.38 10.77
Congo 34.7 1.07 31.5 0.05 2.1 1.6 0.8 86.44 -5.29 ~9.43
Syria 32.1 1.23 26.1 —— 5.5 10.0 10.4 -— 12.70 .56
Nigeria 28.1 1.10 25.5 16.8 101.8 89.0 35.02 -2.65
Malaysia 27.4 0.73 37.5 0.05 4.4 9.7 13.0 110.90 17.13 4.27
Ecuador 18.3 1.26 14.5 0.3 10.6 9.8 81.15 -1.56
Tunisia 11.2 0.72 15.6 2.2 3.9 4.3 7.2 10.01 1.97 7.64
Egypt 10.1 0.53 19.1 5.6 8.5 21.0 58.5 7.20 19.83 15.76
Indonesia 9.2 0.66 13.9 25.3 66.2 90.0 17.39 6.34
Peru 5.1 0.42 12.1 3.5 3.5 7.0 9.1 0.0 14.87 3.82
Bolivia 3.7 0.34 10.9 1.9 2.2 1.8 5.2 2.47 ~3.93 16.36
Zaire 0.7 0.04 17.5 —-— — 1.1 4.6 — -— 22.68
Burma 0.1 0.05 2.0 0.6 1.0 1.5 8.89 8.45
Oman 2.9 14.6 15.7 17.6 30.92 1.46 1.65

Total 125.5 306.0 385.0 16.01 4.70
0il importers
Argentina 11.8 0.86 13.7 16.0 21.5 22.7 26.0 5.05 1.09 1.96
Chile 4.9 0.07 70.0 1.6 1.5 0.8 2.0 -1.07 -11.81 13.99
Colombia 3.6 0.27 13.3 9.6 9.5 6.8 6.5 -0.17 -6.47 -.64
Brazil 1.3 0.07 18.6 7.1 8.1 8.1 35.8 2.22 0.0 23.65
Turkey 0.4 0.06 6.7 2.8 3.6 2.5 2.6 4.28 7.03 -56
Guatemala 0.3 0.01 6.0 n.a. n.a. 0.03 1.2 69.38
India 0.3 0.02 15.0 5.7 7.2 11.2 23.4 3.97 9.24 11.10
Pakistan 0.3 0.01 30.0 0.5 0.4 0.5 2.1 -3.65 4.56 22.75
Ghana 0.08 0.02 ( .4) -—- - 0.2 -— -—
Philippines 0.07 —_— — _— _— 2.1 R —
Bangladesh 0.04 — — — -— 0.8 _— —

Total 43.3 51.8 52.8 3.03 38

Sources: Reserves: World Bank, Energy in Developing Countries (Washington, D.C., World Bank, 1960) pp. 80-81; Population: World Bank,
Horld Development Report, 1980 (Washington, D.C., World Bank, August 1980) pp. 110-111; Production 1967 and 1973: United Nations, World Energy
Supplies, 1950-74, Statis:ical Papers Series J, no. 19 (New York, UN, 1976) p. 194; Production ang Imports 1978: United Nations,
World Energy Supplies 1973-78, Statistical Papers Series J, no. 22 (New York, UN, 1979) pp. 126-135; ¢rojected Production 1985: R. Vedavelli,
Petroleum and Gas in Non-OPEC Developing Countries: 1976-1985, World Bank Staff Working Paper No. 289 (Washington, D.C., World Bank,
April 1978) p. 5.

2Excludes centrally planned economies. Barrei: of oil equivalent were converted to metric tons of oil equivalent using 1 boe = .13 mtoe.

61
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Table 2-5. Natural Gas Production and Reserves in Noncapital Surplus Developing Countries, 197°%

Per capita Per capita Gas Gas
production reserves Production Reserves Ratio of imports exports
(thousand (thousand (thousand (thousand reserves to (thousand (thousand

Country kilocalories) kilocalories) teracalories) teracalories) production teracalories) teracalories)
Trinidad/Tobago 13016.6 1,94%,800 14.1 2101 149 — _—
Algeria 3568.6 - 2,140,700 56.2 33710 600 —— 39.9
Bolivia 2545.3 270,700 14.1 1525 108 - 12.9
Argentina 2498.2 156,900 63.4 3982 63 12.9 —_—
Mexico 2060.0 323,900 123.5 19409 157 2.3 —_—
Afghanistan 2016.4 — 27.6 _— —-— —_— 2¢.6
Chile 1068.0 121,500 11.0 1245 113 — —_—
Colombia 741.6 56,400 17.5 1330 76 —— ——
Pakistan 644.2 54,700 44.6 3784 85 — —
Tunisia 421.5 68,200 2.4 381 159 -— -
Egypt 279.3 35,700 10.4 1330 128 _— _—
Peru 260.0 29,200 4.0 449 112 - -—
Indonesia 162.7 41,200 21.4 5447 255 —— —
Congo 118.9 459,000 0.2 61.0 3050 _— -—
Rangladesh 56.2 3C,200 4.4 2372 539 —_— ——
Brazil 55.0 5,700 5.9 610 103 —_— -
Nigeria 49.9 131,700 3.7 9884 2671 — _—
Morocco 42,4 —— 0.71 —— — —_— ——
Ecuador 27.2 52,100 0.2 369 1845 -— —_—
India 14.0 3,000 8.5 2033 239 —— —
Rwanda 2.2 _— 0.009 -— . -— == —_—
Burma 1.6 900 .05 28 560 —_— —_—
Thailand -— ——— — 1920 —_— —_— ——
Syria — — — 353 — — —
Malaysia —-— —— 0.7 5930 8471 1.4 —
Ghana - -_— —_— 14 —_— . —_— —_
Zaire _— —_— - 449 - —_— _—
Cameroon -— — -— 288 — — —

Sources: Gas Production, Imports =nd Fypores: Uaiied yations, World Frerey Supplies, 1972-76, Statistical Papers
Series J, no. 21 (MNew York, UN, 1978) pp. 147-157: Reserves: World Bank, Energy in Developing Ccuntries (Washington,

D.C., World Bank, August 1980) pp. 80-81, Population: World Bank, World Bank Atlas (Washington, D.C., World Bank,
1977) p. 8.

2 Excludes centrally planned economies.

Reserves wereconverted from million barrels of oil equivalent to thousand teracalories by multiplying by a
conversion factor of 1.412.

0¢
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production and reserves. The sixteen net oil-exporting countries produced 385
million tons of oil in 1978, or 12.9 percent of world production. The nine
oil-importing oil-producers produced 53 million tons, or 1.8 percent of world
production. Of these nine countries, all except Colombia and Argentina are
more than 50 percent dependent upon imports for consumption.16 Production of
natural gas in the noncapital surplus developing countries in 1975 totaled 435
thousand teracalories, or only 3.9 percent of world production. The ratios of
proven reserves to production were much higher than for oil, indicating that
production could be expanded considerably from known res:rves.

What are the prospects for discovery and developmeat of additional oil and
gas resources in the developing countries? Approximately 600 sedimentary
basins have been identified throughout the world with potential for oil or gas
discoveries. About U400 of these have had some drilling to date. The 200
basins which have not been explored are mostly located in areas where
development of oil and gas resources would be high-cost, such as the Arctic and
deep offshore areas, and continental interiors such as the mid-upper Amazon and
central Africa.!7 Many of the basins which remain to be explored are in LDCs.
A study conducted for the World Bank of oil and gas prospects in seventy LDCs
concluded that of the ten nonoil producers with known reserves, six had "very
high" or "high" potential reserves (over 750 million barrels) and four had
"fair" or "low" potential reserves (less than 750 million barrels). Of the
forty-five nonoil producers without discoveries to date, five had "very high"
or '"high" potential reserves, and forty had "fair" or "low" potential reserves.
However, even a "low" level of reserves may be very significant for a small
country which consumes relatively little oil.18

Despite the favorable prospects for oil and gas exploration in a number of

countries, the o0il industry has tended to concentrate its increased drilling in

16. This statement refers to 1978. Data are from UN Statistical
Office, World Energy Supplies, 1973-1978, pp. 126-135.

17. World Bank, A Program to Accelerate Petroleum Production, p. 15.

18. World Bank, A Program to Accelerate Petroleum Production, p. 17.
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sedimentary basins in which production has already been developed, where
infrastructure has already been developed and which are closer to markets.
Although exploratory wells were drilled in seventy-one non-OPEC LDCs between
1969 and 1979, and another nineteen were explored by seismic surveys, the
drilling density was far lower in these countries than in the OPEC or the
developec¢ countries. Exploratory drilling in the non-OPEC LDCs actually
declined .between 1972-73 and 1975-76. Over this period, expenditures on
geophysical work declined in Asia by 31 percent and in Africa by 12 percent,
and increased in Latin America by only U4 percent, compared with a 60 percent
increase in the United States.19 Of the twenty-three countries considered to
have "high" or "very high" prospects for oil and gas reserves by the World Bank
étudy mentioned -bove, only seven were considered to have been explored
adequately. Countries where the World Bank study suggested increased
exploration included India, Argentina, Turkey, Philippines, Colombia, Peru,
Pakistan, and Vietnam.20

In addition to high costs, other factors have also slowed the pace of oil
and gas exploration in the oil-importing developing countries. Most LDCs face
a shortage of risk capital for oil exploration and need the capital as well as
the expertise of foreign oil companies. However, LDC governments and state oil
companies often lack technical and negotiating expertise for dealing with
foreign oil companies. They often do not have accurate geological information
which would help them and foreign investors in assessing the potential for
discoveries and the adequacy and fairness of financial rewards to companies. A
study done for the World Bank concluded that in about fifty of seventy
developing countries, "the government or the state oil company urgently needs
help in a variety of training and institution builaing activities."21

Recent World Bank projections may give some indication of the potential
for 1increases in o0il and gas production in the oil-importing developing

countries. The projections suggest that oil production will inecrease in the

19. World Bank, A Program to Accelerate Petroleum Production, pp.
i7-18.

20. World Bank, A Program to Accelerate Petroleum Production, p. 18.

21. World Bank, A Program to Accelerate Petroleum Production, pp. 10,

16.
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oil-importing developing countries at a rate of 8.9 percent between 1975 and
1985, compared with a rate of 5.2 percent for consumption. As a result,
domestic production as a share of consumption in these countries is projected
to rise from 28 percent to 40 percent. Gas production (for all non-0PEC
developing countries, including oil exporters) is projected to rise at a rate
of 12 percent, compared with an 11 percent rate of increase in consumption.
Thus, substantial increases in the production of both oil and natural gas are
possible in a number of countries, and may help to significantly reduce the

burden of o0il imports for these countries.22

Coal

Potential resources of coal are very large. World coal reserves which are
exploitable at current prices and technologies are nearly five times as great
as oil reserves. Geological resources are many times this amount. While only
a small fraction of world coal reserves are located in developing countries,
these reserves are still very large. For developing countries endowed with
coal, increased use of coal may provide an important alternative to imported
petroleum. For developing countries without coal reserves, coal imports may in
Some cases provide a cheaper and more secure source of imported ener'gy.23

As shown in table 2-6, between 1950 and 1974 the share of coal in total
commercial rcrimary energy consumption declined dramatically in the developing
counti'ies as well as the developed countries. By 1974, the share of coal in
developing countries' primary energy consumption had fallen below 12 percent in
every region except the Far East. The continued importance of coal in the Far
East was primarily due to India, where coal accounted for 72 percent of primary
energy consumption. Use of coal on a large scale was limited to a relatively
few developing countries. Among the nonCommunist LDCs, India alone accounted
for over 60 percent of coal consumption. Five countries--India, Korea, Turkey,

Mexico and Brazil--accounted for over 8U4 percent of LDC coal consumption.zu

22. World Bank, A Program to Accelerate Petroleum Production, p. 3.

23. World Bank, Energy in the Developing Countries, p. 32.

2, UN Statistical Office, World Energy Supplies, 1950-1974,
Statistical Papers Series J, no. 19 (New York, UN, 1976) table 2.
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Table 2-6. Share of Coal in Total Primary Energy Consumption

(percent)

1950 1974
Developed market eccnomies 56.9 22.6
Developing market economies 38.7 18.4
Centrally planned economies 85.5 53.9
African developing countries? 33.1 11.6
South American developing countries® 20.9 5.1
Central American developing countries® 6.4 : 5.4
Middle Eastern developing countries® 40.1 7.0
Far Eastern developing countries® 71.3 41.7

Source: United Nations Statistjcal Office, World Energy Supplies:
1950-1974, Statistical Papers, Series J, no. 19 (New York, UN, 1976) Table 2.

#Excludes centrally planned econouies.
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The declining role of coal over the period 1950-TU4 may be explained by the
availability of cheaper, cleaner, and easier-to-use petroleum. With the
alternative of oil, there was 1little incentive for countries to develop
indigenous coal reserves, or in some cases even to maintain existing
production. With the rapid increase in oil prices after 1973, domestically
prcduced coal has become more attractive as an alternative to imported oil. 1In
addition, the relative attractiveness of imported coal has increased.

Despite these: changes, several factors are likely to retard substitution
of coal for petroleum, particularly in the short run. First, exploration for
coal has been 1limited. Known reserves are concentrated in relatively few
countries, and many LDCs have only small known reserves, or none at all.
Secondly, infrastructure costs for mining, transportation and handling of coal
are very high and are likely to hinder expansion of coal use in countries where
eitensive transportation facilities do not already exist. Third, international
markets for coal are relatively underdeveloped, although they are likely to
expand in the future. Together, these factors have resulted in high supply
costs for coal relative to other fuels in the majority of LDCs without
significant coal reserves, and in countries where extensive transportation
infrastructures do not exist. 1In the long run, coal supply constraints may be
significantly reduced through coal exploration, further development of
indigenous coal reserves, construction of transportation and handling
facilities, and expansion of coal imports.

Developing countries account for about 2 percent of world geological coal
resources and 10 percent of reeoverable coal reserves, or 230 billion tce of
geological resources and 65 billion tce of recoverable r'eser'ves.25 At current

rates of consumption LDC recoverable reserves of coal could provide for total

25. Resources and reserves figures are from the World Bank, Coal
Development Potential and Prospects in the Developing Countries
(Washington, D.C., World Bank, October 1979) Annex II, p. 1. "Geological
resources are defined as coal occurences which may acquire some economic
value for mankind in the future," while coal reserves are "coal occurences
which are exploitable subject to current economic and technical conditions"
(Annex I, p. 1).



http:reserves.At

26

26

LDC commercial energy consumption for sixty-nine years. However, LDC coal

resources and reserves are highly concentrated. Five countries--India,
Swaziland, Botswana, Indonesia, and Brazil--account for 77 percent of LDC
geological coal resources and 62 percent of recoverable reserves. India alone
accounts for 52 percent of presently technically and economically recoverable
coal reserves. Recoverable resources per capita exceed ten tons in only
thirteen countries. Botswana, Zimbabwe, Brazil, India, Venezuela, and Turkey
have the highest per capita recoverable reserves of coal.27

There has been relatively little exploration for coal in developing
countries, so it is possible that considerably more extensive coal reserves
will be discovered. Prior to the o0il price rise of 1973, there was little
interest in coal exploration among developing country governments, which
concentrated on exploring for more valuable resources such as copper and iron
ore, or among international mining companies, due to flagging demand and the
existence of zbundant coal resources in the developed countries. Recently,
developing countries have reclassified much of their coal resource base, but
relatively little new coal exploration has begun.

Coal production has lagged along with exploration. Of the thirty-six
nonCommunist developing countries for which data on coal resources were
presented in a recent World Bank study, coal was mined in only twenty-five
countries in 1975, and per capita production exceeded 20 kilograms in only
twelve countries. Only in Korea, with the highest per capita coal production
of any developing country, does the rate of exploitation of reserves exceed 1

28

percent per year. One reason for the slow development of coal resources is

26. In 1978, commercial encrgy consumption in developing countries was
936 million metric tce (UN Statistical Office, World Energy Supplies,
1973-1978, p. 15).

27. World Bank, Coal Development Potential -and Frospects, p. 3, Annex
2, p. 1 for coal reserve figures; World Bank, World Bank Atlas, 1977
(Washington, D.C., World Bank, 1977) for population figures.

28. See UN Statistical Office, World Energy Supplies, 1972-1976,
Statistical Papers Series J, no. 21 (New York, UN, 1978) table 3 for coal
production figures; see World Bank, World Bank Atlas, 1977 for population
figures; World Bank, Coal Development Potential and Prospects, Annex II, p.
1 for coal reserves figures.
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high infrastructure costs for mining and transportation of coal. The World
Bank estimates that $US 20 billion would be necessary to achieve an increase in
LDC coal production from 176 million tons in 1977 to U440 million tons in
1990--an optimistic estimate of potential LDC output.29

In particular, the marginal cost of coal production in developing
countries is much higher than in developed countries, due to the lack of
shipping and rail facilities. According to the World Bank, transport costs are
likely to average U40-60 percent of delivered coal costs in the LDCs during the
1980s, compared with 10-30 percent in the developed countr‘ies.30 Although the
construction of transport infrastructure is 1likely to bring numerous other
benefits to developing countries, it greatly increases the lead time necessary
for development of coal resources.

International trade in coal is relatively underdeveloped, compared with
petroleum. Only 8.4 percent of world coal production was exported in 1975,
compared with 53.5 percent of petroleum. Thermal coal accounted for less than
25 percent of world coal trade. Among developing countries in 1975, only
Brazil, Egypt, and Argentina imported more than one million tons of coal.
Market LDCs as a group imported 9.9 million tons of coal, or 6.6 percent of
consumption. Over twenty-five noncoal-producing ccuntries imported some coal
in 1975, although generally in small quantities: only Egypt, Bangladesh and
Peru imported more than 200 thousand tons.31 For some developing countries,
imported coal represents a cheaper and rmore secure alternative for meeting
energy requirements than does imported petroleum. Taiwan and Korea have
announced plans to develop power plants using imported coal from South Africa
and Australia. However, large-scale use of coal imports requires extensive
transportation and handling facilities which 1limits this option for many

countries.32

29. World Bank, Coal Development Potential and Prospects, p. 17.

30. World Bank, Coal Development Potential and Prospects, p. 19.

31. UN Statistical Office, World Energy Supplies, 1972-1976, table 3.

32. UN Statistical Office, World Energy Supplies, 1972-1976, table 3,
table 4, and table 6.
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Hydroelectric Power

Ar  important trend in the composition of energy use in developing
countries has been the increasing share of electricity in final energy
consumption. Between 1950 and 1973 developing countries' production of
electricity grew at an average annual rate of 10.5 percent, compared to a
growth rate ot 7.4 percent for total commercial energy consumption. Betw‘:en
1973 and 1978 these rates fell to 8.3 percent and 6.6 percent, respectively.33

Hydroelectric power is an important source of electricity generation in
the developing countries, providing u.er 43 percent of electricity generation

in 1975, compared with only 23 percent in the developed countr‘ies.3u

As shown
in table 2-7, the share of hydropower was much higher for countries such as
Zaire (97.5 percent), Brzzil (92.2 percent), and Nigeria (72.9 percent).

In the short run, the maximum supply of hydroelectric power is fixed.
Total generation of hydroelectricity can in general only be increased through
construction of new dams and powerhouses which require years of planning and
construction. In the long run, however, there is considerable potential for
expansion of the supply of hydroelectricity in many developing countries. This
potential depends upon a variety of factors. These include the terrain and
rainfall of the country, which determine the theoretical potential for
hydroelectricity generation, as well as the costs of constructing and operating
hydroelectric facilities. All else being equal, the higher the price of
electricity, the more projects will be economic and hence the greater the
long-run supply potential for hydroelectricty.

Because of the variety of factors involved, it is difficult to estimate
economic supply potential for hydroelectricity. Some indication may be gained
from the calculation of theoretical potential. But the percentage of
theoretical potential which could be economically developed will vary widely

from country to country. The world energy conference has published data on

. 33. UN Statistical Office, World Energy Supplies, 1950-1974, pp. 11,
707; UN Statistical Office, World Energy Supplies, 1973-1978, pp. 15, 275.

3%. UN Statistical Office, World Energy Supplies, 1972-1976, p. 189.
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Table 2-7, Production of Electricity, Share of Production by Type, and Utilization

of Hydroelectric Capacity, Selected Developing Countries, 1975

Installable Hydroelectricity
hydroelectric production, 1975, as
Total (billior Thermal Hydro Nuclear Capacity (billion share of Installable
Country kilowatt hrs) (percent) (percent) (percent) kilowatt hours) capacity (percent)
Bangladesh 1.7 70.6 29.4 0 7 7.7
Upper Volta 0.1 100.0 0.0 0 48 0.0
Zaire 3.8 2.5 97.5 0 660 0.6
Pakistan 10.1 46.4 48.2 5.5 105 4.6
India 85.9 58.2 38.8 3.1 280 11.9
Kenya 1.0 33.2 66.8 0 54 1.2
Egypt 10.4 34.5 65.5 0 15 45.3
Indonesia 4.0 55.1 44,9 0 150 1.2
Nigeria 3.2 27.1 72.9 0 8 28.3
Thailand 8.9 61.7 38.3 0 23 15.1
Philippines 13.7 67.0 33.0 0 20 23.0
Korea 20.8 91.9 8.1 0 10 17.0
Ecuador 1.7 60.8 39.2 0 126 0.5
Colombia 14.5 31.5 68.5 0 300 3.3
Mexico 43.3 63.9 36.1 0 99 15.7
Turkey 15.6 62.2 37.8 0 65 9.0
Brazil 78.1 7.8 92.2 o] 519 13.9
Portugal 10.7 40.0 60.0 0 18 36.2
Italy 147.3 66.8 30.6 2.6 51 89.0
Japan 475.8 76.6 18.1 5.3 130 66.4
USA 2300.0 76.1 15.3 8.6 702 43.7
Germany 301.8 87.2 5.7 7.1 22 78.3

62

Source: United Nations Statistical Office, World Energy Supplies, 1972-1976, Statistical Papers, Series J, no. 21,

(New York, UN, 1978) pp. 189-201; World Energy Conference, Survey of Energy Resources, 1974 (New York, United Nations
Council of the World Energy Conference, 1974) pp. 187-189. .
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installed and installable capacity, defined as capacity which has been or could
be installed to utilize hydroelectric potential, without reference to the
economic costs of such projects. These data are presented on a per capita
basis in appendix C.

There is considerable variation in installable capacity between countries.
Expressed in tons of coal equivalent of electricity per capita which could be
generated in one half-year under conditions of average flow, installable
capacity per capita ranges from as high as 4.13 in Madagascar to nzar zero in
Tunisia (see appendix C). Countries also vary widely in their utiliziation of
installable capacity. 1In general, hydroelectric generation represents a much
smaller proportion of installable capacity in developing countries than in the
developed countries. Hydroelectricity generation as a share of installed
capacity is 1less than 2 percent in Upper Volta, Ecuador, Zaire, Kenya, and
Indonesia (table 2-7). In contrast, hydrogeneration exceeds 60 percent in
Japan, Italy and Germany. Those differences in capacity utilization can be
explained partly by differences in the location of hydroelectric potential. As
an example, we may contrast Egypt and Ecuador. Hydroelectricity generation in
Egypt is nearly ten times that of Ecuador, although installable capacity in
Ecuador is more than eight times that of Egypt. In Egypt, hydroelectric
facilities are duminated by the Aswan Dam alone, and transported to closely
concentrated users along the Nile River.35 In contrast, hydroelectric capacity
in Ecuador is located on numerous small rivers in remote mountain areas.

Hydroelectricity represents an important potential source of energy.
However, hydroelectric power can supply only a relatively small share of the
total future energy needs of most countries. As shown in appendix C, for
approximately one-third of all developing countries, theoretical potential
could supply less than .2 tons of coal equivalent per capita annually--or less
than one-fifth the energy consumption of a country at a medium level of

development.

35. World Energy Conference, Survey of Energy Resources 1974 (New
York, United States National Committee of the World Energy Conference,
1974), pp. 154, 187. 1Installable capacity is for average flow conditions.
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Nuclear Energy

In 1978, nuclear energy supplied just over 1 percent of electricity
generated in the developing countries, compared with 7 percent for the world as
a whole. Only four developing countries--Korea, Pakistan, Argentina, and
India--had installed nuclear units which provided 9 percent, 5.4 percent, 5.3
percent and 3.3 percent, respectively, of total electricity production.36 The
relatively minor role played by nuclear energy in the past in developing
countries may be explained by a number of factors. First, the smaller the
reactor, the higher the cost per unit of capacity for reactors. As a result,
relatively large reactor sizes--presently about 600 mW--are necessary for
economical operation. While commercial reactors with capacity as low as 200 mW
have been constructed, manufacturers have tended to emphasize much larger
designs. The need for a large grid for economical operation of reactors has
limited their competitiveness in developing countries, where demand for
electricity tends to be less concentrated. High capital costs, including a
large foreign exchange component, have also slowed the development of nuclear
power. Most financing for present and planned installations has been provided
by supplier credits and bilateral agencies.37 As a result of increasing demand
for electricity, rising costs of alternative generating facilities, a concern
for security of future energy supplies, and the willingness of nuclear vendors
in the industrialized world to provide financing, a number of developing
countries have either begun construction of or are planning to build nuclear
reactors. In addition to the four countries mentioned above, by 1980 Brazil
had also installed nuclear capacity; Mexico and the Philippines have units
under construction; and Egypt, Portugal, Thailand, and Turkey are currently
considering building reactors. Between 1981 and 1985, developing countries'’
nuclear capacity will increase by about 7.0 gW. Their contribution to total

electricity production would, however, be relatively modest at less than 5

36. UN Statistical Office, World Energy Supplies, 1973-1978, table 24.

37. World Bank, Energy in the Developing Countries, p. 47.
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perc'ent.38 As nuclear plants require lead times of approximately ten years to
construct, its share is not 1likely to increase rapidly. Inflation in
construction costs and safety and environmental problems similar to those faced
by nuclear plants in the developing countries are also likely to slow the

future development of nuclear power.

Noncommercial Biomass Fuels

Biomass fuels include a wide range of traditional energy sources such as
firewood, crop residues, animal dung and charcoal, and newer sources such as
ethanol and biogas. Most traditional fuels are predominantly produced or
collected by rural households for their own use, and are therefore referred to
as "noncommercial fuels, although they may be extensively traded in organized
markets in some areas. It is useful to distinguish between "noncommercial" and
"commercial" biomass fuels. Noncommercial fuels generally either grow
naturally or are produced as byproducts of agricultural or other activities,
whereas commercial biomass fuels are produced primarily for the purpose of
providing energy. We will discuss the supply of commercial biomass fuels
separately in the next section.

Noncommercial fuels play a very important role in providing energy for
developing countries, primarily for household cooking. In the poorest
countries they may account for as much as three-quarters of total energy used.
Their wuseful energy contribution is somewhat lower, as these fuels are
generally used with much lower efficiency than commercial fuels. The World
Bank estimates that "if all developing country households now using traditional
fuels were to switch to kerosine, developing countries' demand for oil would
rise by 15 to 20 percent."39

Relatively little internationally comparable data is available on the use
of noncommercial fuels, which varies widely by location, season, and income
class. Table 2-8 provides information on per capita consumption of
noncommercial fuels in India, which may serve as an example of the role played

by these fuels. In 1964, total energy provided by noncommercial fuels exceeded

38. World Bank, Energy in the Developing Countries, pp. 47, 48.

39. World Bank, Energy in the Developing Countries, p. 38.
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Table 2-8. Commercial and Noncommercial Energy Consumption in India
(per capita consumption in metric tons of coal equivalents)

1964 1977

Commercial fuels .285 428

Noncommercial fuels . 344 .351
Firewood 242 .232
Dung cake .036 048
Vegetable waste ' .066 .072

Source: Lalit K. Sen, "Rural Energy Scene in India," Productivity
vol. 19, no. 4 (January-March, 1979) p. 656.
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that provided by commercial fuels. By 1977, this was no longer the case.
Firewood provided more than two-thirds of noncommercial energy used in both
years. However, between 1964 and 1977 per capita consumption of firewood fell,
while consumption of dung cake and vegetable wastes rose. The extent of
differences between countries in the composition of noncommercial fuels is
illustrated by comparing the figures for India with those from a study of
Bangladesh. In Bangladesh, fuelwood accounted for only 16 percent of
noncommercial energy, animal wastes accounted for 37 percent, and agricultural
residues accounted for U4 per‘cent.u0
Collection of fuelwood in excess of growth, expansion of agricultural and
grazing land, destruction by livestock and fire, and a variety of other factors
are resulting in a declining supply of fuelwood in many developing countries.
Villagers in many rural areas must now devote increasing time and effort to
collecting fuelwood, or substitute crop residues and animal dung for fuelwood,
with adverse consequences for agriculture as valuable nutrients are lost. The
data in table 2-8 suggest that this may have been the case for India. Defores-
tation resulting from the "fuelwood crisis" is also resulting in severe envi-
ronmental problems, such as erosion, drought, flooding, and desertification.
Table 2-2 presented data on countries considered by the World Bank to have
"actual or potential fuelwood problems."u1 As seen from the table, a large
number of developing countries fall into this category. In many countries,
local fuelwood shortages may be Severe, although overall growth may far exceed
consumption. Thus, although Zaire consumes only about. 2 percent of sustainable

yield, it is experiencing serious deforestation in the area around Kinshasha.u2

40. Bangladesh Energy Study Figures given in David Hughart, Prospects
for Traditional and Nor-Commercial Fuels in Developing Countries, World
Bank Staff Working Paper no. 346 (Washington, D.C., World Bank, 1979) p.
90.

"%. Actual or potential fuelwood problems were defined by the World
Bank as inability to sustain consumption of fuglwood through the year 2000
without damage to ecology, at a level of..75 m per capita where income is
$300 or lower, falling linearly to .50 m3 at $600 and zero at $900.

42. Hughart, Prospects for Traditional and Non-Commercial Fuels, p.

41,
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Part of the cause of the fuelwood erisis is that in many LDCs, fuelwood is
a common property resource--so that users do not pay the full costs of fuelwood
use and producers do not receive the full benefits of fuelwood investments. A
large share of fuelwood is collected for free from lands which are either
common property where anyone may legally collect fuelwood, or from private or
public forests where fuelwood collection is technically illegal but de facto
uncontrolled. There is little incentive for anyone to undertake investments to
increase the productivity of these areas. The benefits to any given individual
of planting or protecting trees are diluted as others receive the advantages of
his labor. As a result, rural villagers who collect fuelwood for their own
use, as well as fuelwood sellers and charcoal makers who gather fuelwood for
sale to others, cut excessive amounts of wood. These problems inherent in
common property use of forest land are compounded by increasing population,
which increases the demand for land for other uses, as well as the pressures
upon remaining forest land.

The World Bank has estimated that on the order of 50 million hectares of
fuelwood would need to be planted in developing countries over the next twenty
years to satisfy projected demands for cooking and heat:ing.ll3 A number of
projects have been undertaken or proposed by developing country forest services
and public and private foreign donor organizations to plant trees for increased
fuelwood production. However, many of these projects have failed, as villagers
have shown little interest in caring for fuelwood plantations, allowing them to
be burned, damaged by livestock, or cut for fuel before becoming well
established. In addition, such projects tend to be very expensive, and have
resulted in reforestation of only a fraction of deforested areas. Where such
efforts have been successful, as in China and Korea, the strength of
institutional arrangements governing individual rights and responsibilities
appears to have been an important factor.

The complexity of the causes of the "fuelwood crisis," as well as the
difficulties of reforestation and increasing fuelwood production, suggest that

the supply of noncommercial fuelwood will continue to decline in the developing

43, World Bank, Energy in the Developing Countries, p. 39.
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countries--that both the market prine of fuelwood as well as the nonmonetary
"price" or labor expended in collecting a given amount of "free" fuelwood will
increase. However, as the monetary and nonmonetary '"price" of fuelwood
increases, households, woodsellers, and industrial users will have more
incentive to grow wood on privately owned or controlled land. Together with

government fuelwood policies, this may help to slow the decline in output.

Nonconventional Energy Sources

The previous sections have discussed the past development of and future
prospects for energy sources which are presently important in the developing
countries. A wide range of other energy sources are presently of limited
significance but may become important over time. These include commercial
biomass fuels, solar energy and small-scale hydroelectric plants, among many
others. We will refer to these energy sources as "nonconventional." As of the
present, nonconventional energy sources have not been adopted in most areas due
to the availability of cheaper and more convenient alternatives. However, the
changing structure of energy prices, uncertainty about the availability of
conventional fuels, and technological advances in production of nonconventional
energy sources have improved the outlook for their production. They may
eventually become important substitutes for both commercial and noncommercial
fuels.

Substantial programs are underway to develop nonconventional energy
resources in a number of countries. In Brazil the government has launched a
major program to produce ethanol from sugar cane and cassava to substitute for
gasoline as a transportation fuel. Large scale biogas programs have been
launched in China and India with varying degrees of success.uu Solar power for
water heating, crop drying and photovoltaic generation of electricity is being
tested in a number of countries.

The opportunities for development of nonconventional energy resources vary

greatly from country to country. This variation is due to numerous factors

44. World Bank, Energy in the Developing Countries, p. U0.
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such ‘as differences in climate, population density, and land use. These affect
both resource endowment and the economic attractiveness of different energy
sources. For example, estimates of annual per capita availability of dung
which could be used to produce biogas vary from as low as 1 gigajoule in Egypt,
Vietnam and Indonesia to U5 gigajoules in Argentina. Estimates of annual
sustainable torest yield per capita vary from as low as 1 gigajoule in Kenya
and Pakistan to 245 in Peru and 229 in Br'azil.u5 There are similar differences
in the availability of agricultural land which could be used to grow sugar
cane, cassava, or other crops from which ethanol may be produced.

One difficulty in assessing the potential role of nonconventional fuels is
that we do not have data on the costs of inputs such as wood and dung over
different levels of production. These inputs may be available for free or for
very low costs initially, perhaps as "waste" products from other activities,
but as scarce land or labor resources are devoted to increased production costs
will rise. 1In general, many nonconventional eénergy sources cannot yet compete
with conventional energy sources on a large scale basis. The outlook for these
fuels is 1likely to improve as further research improves the technology of
nonconventional energy sources, and the ccsts of conventional sources continue

to rise.

Summarz

Developing countries face twin problems with respect to energy supplies.
The first problem results from a high dependence upon imported oil for
commercial energy supplies in many countries. A more than fourfold increase in
the real price of oil since 1973 has aggravated the already difficult balance
of payments situation of many of these countries. The second problem is the
declining supply--or increasing "price"--of fuelwood, which represents the

primary energy source of the poorest segments of LDC populations.

45, Hugart, Prospects for Traditional and Non-Commercial Fuels, p. 42,
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The high degree of dependence upon imported oil for commercial energy
supplies may be explained by a number of factors. Prior to 1973, imported oil
was relatively cheap, so that in most countries it was a preferable energy
source to high cost domestic resources. Development of these resources would
in many cases have necessitated large investments in transport facilities such
as roads, railroads, and pipelines. In many countries, the absence of large,
concentrated markets precluded the development of energy sources for which
there are significant economies of scale, such as natural gas and nuclear
power. Development of LDC energy resources-~in particular nonoil
resources--did not represent attractive investments for foreign investors,
especially given depressed international markets for coal and difficulties in
transportation of natural gas. Lack of managerial and technical expertise
further impeded exploration for and development of commercial energy resources.

Some o0il importing countries--such a3 larger countries with advanced
industrial sectors--did develop domestic energy resources on a significant
scale. Several oil-importing countries are significant oil producers, such as
India and Argentina. India, Korea and Turkey are major coal producers.
Mexico, Argentina and Pakistan produced large quantities of natural gas.
Development of these energy sources was favored by the existence of low-cost
resources and large domestic markets.

With the increase in o0il prices, it has become economic for developing
countries to develop higher cost domestic energy resources to reduce their
dependence on imported foreign oil. However, countries vary widaly ia their
endowments of fossil fuel reserves and hydroelectric potential. Countries with
few domestic resources will remain heavily dependent upon imports. Even in
those countries with energy resources, high capital costs and long lead times
for construction of energy projects make rapid changes in the composition of
commercial energy supplies unlikely.

The fuelwood c¢risis seriously affects the poorest segments of LDC
populations. Fuelwood availability is declining in many areas due to increased

population pressures on diminishing forest resources. The common property
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nature of areas from which fuelwood is gathered hinders forest protection and
reduces incentives to increase fuelwood supply through planting and other
forestry practices. Present efforts to reverse the fuelwood shortage are
having only a limited effect, so that fuelwood problems in many areas may be
expected to worsen--hastening the decline of noncommercial fuels in total

energy use.



Chapter 3

THE STRUCTURE OF ENERGY DEMAND

Introduction
The composition of energy use depends upon energy demand as well as energy

supply conditions. This cinapter will examine the structure of energy demand in
developing countries, as reflected in energy consumption patterns.

We will begin by examining the composition of energy uses in the main
consuming sectors--transportation, industry, energy conversion (primarily
electricity generation), and the household sector. There are important
differences among these sectors. The transportation sector is heavily
dependent upon o0il in almost all countries. Other sectors exhibit wide
variation among countries in the consumption of energy use. This variation is
due to differences in industrial structure, income 1levels, and government
policies as well as the differences in supply--reflected partly in
prices--mentioned in the p-evious chapter. In the household sector, the share
of noncommercial fuels in energy consumption declines dramatically as income
rises and urbanization takes place.

Finally, we will examine the effects of economic structure upon the
composition of aggregate energy use. As discussed in chapter 2, economic
structure may vary greatly with factors such as the level of economic
development and land, labor, capital and resource endowments. Through their
effects upon economic structure, these factors affect the relative shares of

each sector in aggregate energy consumption and the composition of aggregs -e

energy use.

The Transportation Sector
In the developing countries, as 1in L the developed countries, the

transportation sector is heavily dependent upon oil. Table 3-1a shows the
share of different fuels in total energy consumption in the transportaticn
sector, for eight developing countries and four developed countries. In 1975,

in all of these countries except India, the share of oil in transportation
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Table 2-la. Shares of Total Energy Consumption in Transportation, by Enezgy Source

(percent)
Country 1967 1975

Coal 0i1 Gas Electricity Coal 011 Gas Electricity
India 70.2  29.1 0.0 0.7 52.1 46.9 0.0 0.9
Kenya 11.9 88.1 0.0 0.0 3.5 96.5 0.0 0.0
Thailand 0.0 100.0 0.0 0.0 0.0 99.7 0.0 0.3
Nigeria 2.4 97.6 0.0 0.0 0.0 100.0 0.0 0.0
Turkey 21,0 78.3 0.0 0.7 8.4 91.4 0.0 0.2
Mexico 0.0 100.0 0.0 0.0 0.0 100.0 0.0 0.0
Portugal 3.2 95.2 0.0 1.6 0.9 98.2 0.0 0.9
Brazil 0.4 99.6 0.0 0.0 0.1 99.9 0.0 0.0
Italy 2.2 94.9 0.7 2,2 0.4 96.0 1.4 2.2
Japan 10.6 86.0 0.0 3.4 0.1 97.1 0.0 2.8
Germany 6.7 91.0 0.0 2.3 0.9 96.8 0.0 2.3
U.S.A. 0.2 99.6 0.0 0.1 0.0 99.9 0.0 0.1

Table 3-1t. Shares of "Useful" Energy Consumption in Transportation, by Energy Source

(percent)?
Country 1967 1975

Coal 0i1 Gas  Electricity Coal 0i1 Gas  flectricity
India 31.6 65.6 0.0 2.8 17.7 79.5 0.0 2.8
Kenya 2.6 97.4 0.0 0.0 0.7 99.3 0.0 0.0
Thailand 0.0 100.0 0.0 0.0 0.0 99.5 0.0 0.5
Nigeria 0.5 99.5 0.0 0.0 0.0 100.0 0.0 0.0
Turkey 5.0 92.5 0.0 1.5 1.8 97.8 0.0 0.4
Mexico 0.0 100.0 0.0 0.0 0.0 100.0 0.0 0.0
Portugal 0.6 96.4 0.0 2.9 0.2 98.2 0.0 1.6
Brazil 0.1 99.9 0.0 0.0 0.0 100.0 0.0 0.0
Italy 0.4 95.0 0.7 3.9 0.1 9.6 1.3 3.9
Japan 2.3 91.3 0.0 6.5 0.0 95.0 0.0 5.0
Germany 1.4 94.3 0.0 4.3 0.2 95.7 0.0 4.1
U.5.A. 0.0 99.7 0.0 0.3 0.0 99.8 0.0 0.1

Sources: International Cnergy Agency, Basic Energy Statistics and Energy
Balances of Developing Countries, 1967-1977, Proceedings of Workshop on Energy Data
of Developing Countries, December, 1978, vol. 11 (Paris, OECD, 1979); IEA,

Energy Balances of OECD Countries (Paris, OECD, 1976, 1960).

dyseful energy was calcvlated by multiplying coal use by .044, oil & gas use by
.22, and electricity use by .40. These efficiences were taken from William D. Nordhaus,
"The Demand for Energy: An International Perspective," in William D. Nordhaus, ed.,
Proceedings of the Workshop on Energy Demand, May 22-23, 1975 (Laxenburg, Austria,
International Institute for Applied Systems Analysis, 1976) p. 527.
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sector energy consumption was over 90 percent. This heavy dependence upon oil
reflects the predominance of oil-using automobiles, trucks, locomotives, ships,
and aircraft jrn transportation.

Two exceptions to this pattern are provided by India and Turkey, which use
substantial quantities of coal in steam locomotives. In India, coal accounted
for over one-half of the total energy used in the transportation sector in
1975. However, coal-powered steam locomotives are much less energy efficient
than are diesel locomotives. If an adjustment is made to take into account
these differences in efficiency (see table 3-1b), the effective contribution of
coal to transportation energy consumption falls sharply--instead of providing
52 percent of total energy consumed in transportation in india in 1975, the
share falls to 18 percent.

In both India and Turkey the role of coal in transportation is declining
as steam locomotives are withdrawn from service and not replaced. The fact
that coal retained such a substantial role in transportation in India is due to
domestic railway equipment production decisions. In order to utilize existing
production capacity for steam locomotives, the Indian railways continued to
make steam engines until 1971. Since then no new steam engines have been made,
which means that the role of coal will continue to decline, and India, like the
other countries, will become highly dependent on 1liquid fuels in the
transportation sector.%6

An alternative to the use of o0il is the use of electricity for rail lines.
However, to be economic, this requires a high traffic density as well as a
cheap 3source of electricity, such as hydropower. 1In general, the lower the
level of development, the lower will be traffic density, except for urban
passenger transportation. For the developing countries in table 3-1, the share
of electricity in energy consumed in transportation was less than 1 percent.
Thus in most countries, the transportation sector appears 1likely to remain
heavily dependent upon oil, with growth in this sector reflected in increasing

demand for oil.

46. Ashok V. Desai, "Interfuel Substitution in the Indian Economy,"
Discussion Paper from the Center for Energy Policy Research, D73-B
(Washington, D.C., Resources for the Future, July 1981) pp. 22-25.
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The Industrial Sector
Table 3-2a presents data on the shares of different fuels in industrial

sector energy use. In 1975, in seven of the eight developing countries shown

in table 3-1a, oil was the most important fuel, accounting usually for well
over half of industrial energy consumption. In all of the countries,
electricity accounted for between 7 and 20 percent of industrial energy
consumption. There was wider variation in the share of coal, which among
~ develoning countries eveceded 12 poraent only in India and TurKey, and in the
share of gas, which was significant only in Nigeria and Mexico. The share of
noncommercial fuels was significant only in Kenya, Thailand and Brazil where
they provided about one-fifth of total consumption.

As discussed in chapter 1, the efficiencies with which different fuels are
used varies considerably. Electricity is used with the highest efficiency
followed by gas and oil, by coal and finally by noncommercial fuels. If we
take account of differing efficiencies by comparing ‘'useful" energy
contributions (table 3-2b), the share of electricity is increased, while the
share of noncommercial fuels becomes very small.

The shares of the different fuels used in the industrial sector changed
considerably over the eight-year period between 1967 and 1975. 1In general, the
shares of coal and noncommercial fuels in the total fell and the shares of oil
and electricity rose. As discussed in chapter 2, one cause of the shift away
from coal appears to have been changing supply conditions, reflected in a
declining real price of oil and expanding electricity generation capacity and
lower tariffs. 1In addition, industrial energy demand was shifting in favor of
0il and electricity. New industrial technologies during the 1950's and 1960's
tende’. to use oil or electricity, due to their cheapness and flexibility.
Rapid industrial sector growth following this technological shift resulted in
generally lower industrial dependence on coal in the developing countries than
in the older industrial economies.

Data on noncommercial fuel consumption in industry is 1likely to be less
reliable than data for other fuels. In addition, definitions of "industry"

differ widely. Thus the inclusion of small-scale handicraft industries in



Table 3-2a. Shares of Total Energy Consumption in Industry, by Energy Source

(percent)a
1967 1975
Non- Non-
b Elec- commercial b Elec- commercial
Country Coal 0il Gas tricity fuels Coal 0il Gas tricity fuels
India 83.7 12.0 0.2 0.8 3.4 78.8 7.7 1.0 8.3 4.2
Kenya 8.3 0.0 0.0 0.0 91.7 0.7 68.2 0.0 12.3 18.9
Thailand 1.7 78.1 0.0 0.0 20.2 0.3 56.8 0.0 18.3 24.5
Nigeria 23.9 50.9 15.3 8.4 1.4 8.5 67.6 14.4 8.7 0.8
Turkey 44 .4 43.5 -0.5 12.5 0.0 22.6 59.5 0.0 17.8 0.0
Mexico 9.6 32.1 47.6 5.4 5.4 11.4 31.9 46.3 7.2 3.3
Portugal 34.2 42.5 0.0 23.3 0.0 9.6 70.7 0.0 19.7 0.0
Brazil 9.3 50.9 3.8 7.9 28.1 6.9 58.6 2.8 13.1 18.6
Italy 16.6 49.6 17.4 16.5 0.0 10.4 53.6 21.6 14.4 0.0
Japan 31.7 48.6 1.8 17.8 0.0 25.5 53.2 1.7 19.6 0.0
Germany 46.3 37.1 2.7 13.9 0.0 21.1 40.8 22.9 15.3 0.0
U.S.A. 22.9 11.4 49.9 15.7 0.0 21 .4 22.1 41.0 15.7 0.0

Sources: See table 3-2b.

Y



Table 3-2b. Shares of "Useful" Energy Consumption in Industry, by Energy Source

(percent)?
1967 1975
Non- Non-

Elec- commercial b E;e?— commercial
Country Coalb 0il Gas tricity fuels Coal 0il Gas tricity fuels
India 84.0 13.7 0.2 1.1 1.0 77.4 8.6 1.2 il.6 1.2
Kenya 24.1 0.0 0.0 0.0 75.9 0.7 76.9 0.0 17.1 5.3
Thaiiand 1.8 92.3 0.0 0.0 6.0 0.4 66.1 0.0 26.4 7.1
Nigeria 21.2 51.5 16.5 10.5 0.4 7.3 66.7 15.1 }0.7 0.2
Turkey 39.9 44.7 -0.5 15.9 0.0 19.5 58.7 0.0 21.8 0.0
Mexico 8.5 32.4 51.0 6.7 1.4 9.9 31.6 48.8 ,8'9 0.8
Portugal 29.5 42.0 0.0 28.5 0.0 8.1 68.4 0.0 z23.5 0.0
Brazil 10.2 63.7 5.1 12.3 8.8 6.9 66.2 3.4 18.3 5.3
Italy 14.1 48.2 18.0 19.8 0.0 8.8 51.8 22.2 }7.; 0.0
Japan 27.7 48.4 1.9 22.0 0.0 21.9 52.4 1.9 Z3. 0.0
Germany 41 .4 38.0 2.9 17.6 0.0 18.1 39.8 23.7 13.4 0.0
TJ.S.A. 19.3 11.0 51.0 18.7 0.0 18.0 21.3 42.1 18.6 0.0

Sources: Internationsl Energy Agency, Basic Energyv Statistics and Energy Balznces of Developing

Countries, 1967-1977, Proceedings of Workshop on Energy Data of Developing Countries, December 1978,
vol. II (Paris, OECD, 1979).

&Useful" energy was calculated by multiplying coal use by .7, oil use by .8, gas use by .85,
electricity use by .99, and noncommercial energy use by .2. The efficiency for noncommercial fuels
represents a guess by the author. Thz2 efficiencies for commercial fuels were taken from William D.
Nordhaus, ''The Demand for Energy: An International Perspective," in William D. Nordhaus, ed.,
Proceedings of the Werkshop on Energy Demand, May 22-23, 1975 (Laxenbure, Austria, International
Institute for Applied System Analysis, 1976) p. 527.

The energy content of "secondaryv solid fuels" was converted to that of "primary solid fuels"
based upon the efficiency of production of secondary solid fuels from primary solid fuels.

oY
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"industry" might increase the share of noncommercial fuels in total
"industrial" use considerably.

The role of noncommercial fuels in industrial energy consumption appears
to be closely related to resource endowments. In 1975, of the countries listed
in table 3-2a, only Kenya, Thailand and Brazil used significant quantities of
noncommercial fuels in industry. All three of these countries have major
forest resources. 1In addition, as in industrial countries, some industries use
traditional fuels which are by-products of their main activity to provide
energy. Bagasse, for example, is used as an energy source in distilleries and
waste wood is used in the manufacture of pulp and paper.

Transport costs are a major consideration in determining industrial use of
noncommercial fuels. As these fuels are bulky, with lower energy content in
relation to volume, they tend to be consumed relatively close to their point of
production. Thus a major industrial use of noncommercial fuels in Brazil is
for steel production in areas remote from coal supplies but close to major
forests.q7

Finally, structural changes within the industrial sector affected the
composition of energy use in industry. To begin with, growth in modern
indust~ial activity led to a shift from traditional to commercial fuels.
Industrial development also affected the mix of commercial fuels. Ma jor
industrial development took place over this period in industries such as iron
and steel, cement, aluminum, pulp and paper, fertilizers and petrsleum refining
(see table 3-3). Each of these activities tends to require to some extent
specific types of fuels. For example, iron and steel require coal,’48 aluminum

requires electricity and petrochemicals and petroleum refining are heavily

47. Henri Meyers, "Charcoal Ironmaking: A Technical and Economic
Review of Brazilian Experience." (New York, United Nations Industrial
Development Organization, November 8, 1978).

48. Formerly, coal accounted for virtually all of the energy used in
iron and steel, but recent developments in the technology of coal
production have reduced the share of coal in energy used in iron and steel
production to about 60 percent. Thus the significance of changes in iron
and steel production for the composition of industrial fuel use has
declined.
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Table 3-3. Output of Selected Industrial Products

(000 metric tons)

Product/Country 1961 1967° 1970 1973 1977
Steel

Argentina 442 1348 1859 1995 2676
Brazil 2443 3734 5390 7149 11165
Columbia 181 207 239 263 210
India 4084 6440 6286 7354 98306
Korea 66 300 481 1157 2737
Mexico 1725 3059 3846 4652 5529
Cement

Argentina 2906 3552 4770 5186 6030
Brazil 4711 6405 9002 13398 20528
Columbia 1572 2146 2757 3221 3300
India 8246 11302 13956 15016 19173
Korea 511 2441 5782 8175 14193
Mexico 3035 5997 7267 9918 13328
Aluminum

Argentina == - - - -
Brazil 20 38 48 97 167
Columbia - - -~ - ~-—
India 18 96 161 154 184
Korea -- - 15 17 18
Mexico - 22 34 39 43

Paper & paper board

Argentina 364 469 640 767 766
Brazil 440 841 1116 1460 2146
Columbia 65 145 220 278 281
India 424 66!, 823 796 936
Korea 34 97 228 392 927
Mexico 434 648 857 1074 1290

Fertilizersa

Argentina 5 11 34 29 30
Brazil 13 8 22 114 232
Columbia 10 40 61 81 72
India 193 360 838 1050 2000
Korea 38 150 386 447 669
Mexico 83 173 330 376 611

Petroleum fefiningb

Argentina 18230 21650 23980 31310 33205
Brazil 14930 18590 27300 42600 57500
Columbia 3920 6540 6700 8100 8670
India 8480 17460 23290 24570 32000
Korea - 2510 10750 19750 25185
Mexico 19680 24630 29600 38000 48650

Source: United Nations, Statistical Yearbook (New York, UN) (various issues).

AFertilizet data In years: 1962/63, 1967/68, 1970/71, 1973/74, 1977/78.

b1962.
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dependent upon petroleum. Development of these industries is reflected in
increased shares of these fuels in industrial energy consumption. In turn, the
supply of these fuels influenced the structure of industrial development:
cheap hydroelectric power was required for the aluminum industry, for example.
Development of fuel-specific industries such as steel also had indirect
effects upon the composition of energy use in the industrial and other sectors.
In India, for example, low quality ccval mined in the production of high quality

49

coal for the iron and steel industry was used for power generation.

The Energy Conversion Sector

In both the developing and the developed countries, a significant share of
total energy consumption rzsults from "losses" in converting one form of energy
into another. Table 3-U4 presents the shares of total energy use consumed in
the energy conversion sector in selected countries in 1975, by fuel. There is
wide variation among developing countries in the sizes of these shares, which
range from 0 percent to as high as 92 percent for coal, 26 percent for oil, and
52 percent for gas. While electricity generation accounts for most energy
losses in conversion, there are also conversion losses in refining petroleum
fuels from crude oil, producing secondary solids, liquid fuels, and gases from
primary solids, and producing liquid fuels from gases. Although conversion
from one energy source to another results in an accounting "loss" of energy,
the conversion is to a more useful and valuable form of energy.

Conversion technologies are mostly fuel-specific with the exception of
electricity generation, where there is considerable variation in the fuels
used, as illustrated for selected countries in table 3-5. Since the technology
of electricity generation is very flexible, the choice of fuels is determined
primarily by supply conditions. Thus gas is used to generate electricity in
Mexico and coal is used in India and Turkey; in other countries where these
fuels are not produced they play only a minor role in electricity generation.
As mentioned in chapter 2, the proportion of hydroelectricity in total energy

used in electricity generation is higher in the developing than in the

49. Desai, "Interfuel Substitution," p. 17.
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Table 3-4. Shares of Total Commercial Energy Requirements Consumed

in the Energy Conversion Sector, by Energy Source, 19752

Country Coal 011 Gas
India 27.9 15.8 45.6
Kenya 0.0 13.7 b
Thailand 91.9 18.1 b
Egypt 3.2 16.2 -6.4°€
Nigeria 0.8 1.5 43,9
Korea 20.8 23.1 b
Columbia 12.5 22.4 51.7
Turkey 18.6 16.4 b
Mexico 8.9 25.8 11.1
Portugal 32.6 21.3 b
Brazil 39.8 5.7 15.4
Italy 40.0 25.9 11.1
Japan 33.0 36.7 13.3
Germany 68.2 10.3 27.¢
UsA 76.1 12.4 31.1

Sources: International Energy Agency, Basic Energy Statistics and
Energy Bdlances of Developing Countries, 1967-1977. Proceedings of
Workshop on Energy Data of Developing Countries, December 1978, Volume
IT, (Paris, OECD, 1979); 1iEA, Energy Balances of OECD Countries, 1974-1976

(Taris, OECD, 1978).

a

The energy conversion sector includes electricity generation, gas
manufacture, refineries, other transformations, energy sector use and
loss, transfers, and statistical difference.

bNot applicable.

A negative sign indicates production of the fuel from other energy
sources.



Table 3-5. Shares of Total Energy Used in Electricity Generation, by Energy Source

(percent)
1967

Hydro and a Hydro and .
Country Coal 0il Gas nuclear power Coal 0il Gas nuclear power
India 52.4 5.9 1.0 40.7 53.7 6.7 0.5 39.2
Kenya 0.0 0.0 0.0 100.0 0.0 31.8 0.0 68.2
Thailand 7.8 43.2 0.0 49.0 4.5 49.7 0.0 45.8
Turkey 45.6 18.9 0.0 35.6 32.8 33.5 0.0 33.7
Mexico 0.4 16.4 23.2 6G.0 0.5 43.3 17.7 38.5
Portugal 6.3 4.4 0.0 89.4 6.1 32.8 0.0 61.1
Brazil 6.8 7.6 0.7 84.8 3.3 4.3 1.4 91.0
Italy 11.5 34.0 4.1 50.3 5.7 55.9 5.3 33.2
Japan 35.7 33.5 0.0 30.8 10.9 61.6 3.9 23.7
Germany 78.6 9.6 2.2 9.6 63.0 7.1 17.2 12.8
USA 53.2 8.0 22.0 16.8 46.5 15.8 15.2 22.5

Sources: International Ener

1976-1977 Proceedings of Workshop on Ener
OECD, 1979); International Energy Agency,
of OECD Countries, 1950-1974, 1974-1978 (Paris, IEA/OECD, 1976, 1980).

a .
Calculated in terms of
electricity assuming a conven

gy Agency, Basic Energy Statistics and Energ

y Balances of Developing Countries

gy Data of Developing Countries, December 1978, vol. II (Paris,

Organisation for Economic Co

-operation and Developing, Energy Balances

the fossil fuel equivalent that would be needed to produce the same amount of
tional power plant operating at 28 percent efficiency.

0S
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developed countries (see table 2-7). However, for all of the developing
countries in table 3-5 except Brazil, this share declined between 1967 anu
1975, while the share of oil r'ose.50

In addition to resource endowments, other circumstances specific to
individval countries affected the mix of fuels used in electricity generation.
In India, for example, impetus was given to coal-fired thermal power generation
in the early sixties by the expansion of the steel industry. The steel
industry required high-quality, low-ash coal, while lower quality coal mined at
the same time was useful only for power generation. Expansion of fuel o0il use
as a supplementary fuel in electricity generation was partly related to demand
factors. Fuel oil is preferable to coal for generating plants when the load
factor is 1low, or when there are fluctuations in 1load. These fluctuations
increased in the seventies when the proportion of agricultural demand--which
was highly seasonal and varied considerably from day-to-day--increased,

resulting in a rise in fuel oil consumption.51

The Household Sector
The "household" sector is difficult to define precisely, especially in

developing countries. Household activities merge with a variety of
agricultural, commercial and workshop activities. Energy data for develupihg
countries generally lump together energy used in these different activities,
making the household sector in effect a residual sector. In this section we
will address the comnosition of energy use in this wide range of activities.
However, we will focus our attention primarily upon energy used in cooking--the

most significant use of energy by households.

50. This trend was not observed for the developing countries as a
whole, for which the share of hydroelectricity increased from 43.5 percent
to 43.8 percent over this period (United Nations Statistical Office, World
Energy Supplies, 1973-1978, Statistical Papers Series J, no. 22 (New York,
UN, 1979), pp. 246, 275; and United Nations Statistical Office, World
Energy Supplies, 1950-1974, Statistical Papers Series J, no. 19 (New York,
UN, 1976), pp. 596, 707.

51. Desai, "Interfuel Substitution," p. 19,
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A very wide range of fuels is used in the household sector. Traditional
fuels--fuelwood, charcoal, and animal crop wastes--~are most important in rural
areas, while commercial fuels such as coal, gas, kerosine, and electricity are
most important in urban areas. However, some quantities of commercial fuels,
such as kerosine for lighting, are used widely in rural areas, while fuelwood
and charcoal are widely traded even in large cities.

Table 3-6a presents data in the composition of energy use in the
residential, agriculture, commercial, and public service sectors, for selected
developing and developed countries. Aggregate data on noncommercial fiiel use
are available for only a few countries, and are likely to be less reliable than
those for other fuels. However, these data show that the share of
noncommercial fuels in household sector energy use can be very high--90 percent
or more--particularly in the poorer countries.

As in other sectors, noncommercial fuels are used in the household sector
at lower efficiencies than commercial fuels. Only a low share of the heat
produced in burning traditional fuels is delivered to the cooking
process--roughly 5 to 15 percent. In contrast, the efficiencies with which
many commercial fuels are used are much higher, around 50 percent for kerosine
stoves and 60 percent for gas stoves (see table 3-7). As shown in table 3-6b,
these 1lower efficiencies result in a lower share of traditional fuels in
"useful" energy produced for the household sector. However, in several
countries--India, Kenya, Nigeria, and Brazil--this share remains substantial.

In terms of both gross energy consumption or "useful" energy, the share of
noncommercial fuels in household energy consumption has been declining over
time (see again tables 3-6a and 3-6b). This decline is a result of changes in
both supply as well as demand conditions for both commercial and noncommercial
fuels.

As discussed in chapter 2, both the monetary and the nonmonetary price
(such as time spent in collecting fuelwood) of traditional fuels have been
increasing in many developing countries, due to increased population pressure
upon diminishing common property resources. As a result, per capita
consumption has declined, and households have substituted commercial fuels for

traditional fuels.



Table 3-6a. Shares of Total Energy Consumption in Agriculture, Commercial, Public Service, and
Residential Sectors, by Energy Source

(percent)a
1967 1975
" Non- Non-—-
Elec- commercial Elec~ commercial

Country Coal 0il Gas tricity fuels Coal 0il Gas tricity fuels
India 0.4 11.2 0.1 2.4 86.0 5.7 14.7 0.1 4.2 75.3
Kenya 0.0 2.5 0.0 0.0 97.5 0.0 8.4 0.0 1.6 90.0
Thailand 0.0 82.4 0.0 0.0 17.6 0.0 89.5 0.0 7.6 2.9
Nigeria 0.0 1.6 0.0 0.2 98.3 G.0 2.8 0.0 0.6 96.6
Turkey 35.0 58.2 1.5 5.3 0.0 70.0 27.3 0.3 2.4 0.0
Mexico 0.0 44.2 5.5 8.9 41.4 0.0 49.5 6.8 17.0 26.8
Portugal 26.7 55.8 3.5 14.0 0.0 0.9 64.2 3.8 31.1 0.0
Brazil 0.0 9.3 0.5 3.7 86.5 0.0 15.3 0.6 10.7 73.3
Italy 18.6 60.6 9.2 11.6 0.0 3.1 67.0 18.7 11.2 0.0
Japan 15.0 63.5 8.0 13.5 0.0 6.9 64.5 9.8 18.8 0.0
Germany 35.4 48.7 5.9 10.0 0.0 10.2 62.2 12.3 15.1 0.0
U.S.A. 3.9 37.9 42.6 15.6 0.0 1.2 31.0 45.9 23.9 0.0

€S

Sources: See. table 3-6b.



Table 3-6b. Shares of "Useful" Energy Consumption in Agriculture, Commercial, Public Service, and
Residential Sectors, by Energy Source

(percent)?
1967 1975
Non- Non-
Elec- commercial Elec~ commercial

Country Coal 0il Gas tricity fuels Coal 0i1 Gas tricity fuels
India 0.4 37.9 0.4 12.6 48.6 5.3 40.9 0.2 18.7 34.9
Kenya 0.0 13.5 0.0 0.0 86.5 0.0 32.4 0.0 9.8 57.8
Thailand 0.0 96.6 0.0 0.0 3.4 0.0 87.7 0.0 11.8 0.5
Nigeria 0.0 8.7 0.0 1.4 89.9 0.0 14.1 0.0 4.8 81.2
Turkey 14.6 72.7 2.2 10.5 0.0 42.6 49.9 0.7 6.8 0.0
Mexico 0.0 61.7 9.0 19.7 9.6 0.0 55.7 8.9 30.3 5.0
Portugal 9.8 6l.4 4.5 24,3 0.0 0.3 54.3 3.7 41.7 0.0
Brazil 0.0 30.6 2.1 19.6 47.7 0.0 33.9 1.6 37.5 27.0
Italy 6.5 63.3 11.1 19.1 0.0 1.0 62.2 20.3 16.6 0.0
Japan 5.0 64.0 9.4 21.6 0.0 2.1 59.8 10.5 27.5 2.0
Germany 14.2 58.5 8.3 19.0 0.0 3.3 59,8 13.R 23,0 .0
U.S.A. 1.1 33.3 43.7 21.8 0.0 0.3 25.7 42.5 31.4 ¢.0

Sources: International Energy Agency, Basic Energy Statistics and Energy Balances of Developing
Countries, 1967-1977, Proceedings of Workshop on Energy Data of Developing Countries, December 1978,
vol. II (Paris, OECD, 1979); International Energy Agency, Organi ation for Economic Co-Operation and
Development, Energy Balances of OECD Countries, 1950-1974, 1974-1978 (Paris, IEA, OECD, 1976, 1980).

Snyseful” energy wa. calculated by multiplying coal uce by .2, oil use by .6, gas use by .7,
electricity use by .95, and noncommercial energy use by .l. The efficiency for noncommercial fuels
represents a guess by the author. The efficiencies for commercial fuels were taken from William D.
Nordhaus, '"The Demand for Energy: An International Perspective,” in William D. Nordhaus, ed.,
Proceedings of the Workshop on Energy Demand, May 22-23, 1975 (Laxenburg, Austria, International
Institute for Applied Systems Analysis, 1976), p. 527. Data on noncommercial fuels were not available
for Turkey, Portugal, Italy, Japan, Germany, and the U.S.A. Hence these shares are presented as 0, even
though at least some noncommercial fuels were consumed in all of these countries.

vs
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Table 3-7. Average Efficiency of Utilization of Selected Cooking
Fuels in India

Energy Utilized
content energy Efficiency
MJ/kg) @ 7/kg) (percent)
LP gas 44 27.7 63
Kerosine
in pressure stove 43 24,3 56
in wick stove 43 18.0 42
Soft coke 40 4.0 10
Coal 27 2.7 10
Firewood
closed hearth . 15 2.6 16
open hearth 15 1.9 13
Twigs and straw
closed hearth 10 1.6 16
open hearth - 10 1.3 13
Dungcake 10 0.8 8

Source: Ashok V. Desai, "Interfuel Substitution in the Indian
Economy," discussion paper from the Center for Energy Policy Research,
D-73B (Washington, D.C., Resources for the Future, July 1981) p. 50.
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Supply conditions vary greatly with location. Commercial fuels may not be
availahle or may be only spasmodically available in rural areas, leaving little
alternative to locally available traditional fuels. Conversely, in towns and
cities there may be no access to noncommercialized or "free" traditional fuels.
Where traditional fuels such as fuelwood or charcoal are available
commercially, their prices will reflect transportation costs. Compared to
fuelwood, charcoal has a low weight relative to value and may be transported
profitably over greater distances. Thus the farther removed an urban area is
from forested areas, the higher will be the price (or lower the availability)
of both fuelwood and charcoal, although the price of charcoal will rise
relatively less rapidly than the price of fuelwood.

Supply constraints for traditional fuels in urban areas help to explain
the rising proportion of commercial fuels in total household energy
consumption. Between 1960 and 1980 urban population as a percentage of total
population increased from 17 to 21 percent in low-income countries and from 37
to 51 percent in middle-income countries; the percentage of urban population in
cities over 500,000 increased from 24 to 45 percent in low-income countries and
from 36 to 49 percent in middle-income countries.52 Thus a growing proportion
of the total population of developing countries is living in areas where they
have nc access to traditional fuels and must instead use commercial fuels.

As in other sectors, household sector fuel choices are influenced by
overall costs of fuel, capital (stoves), and labor (time), rather than by fuel
costs alone. Commercial fuels such as kerosine and bottlel gas appear
expensive on a heat-content basis, compared with noncommercial fuels. In
addition, costs «f stoves for commercial fuels are higher. However, the higher
efficiencies with which these fuels are burned, as well as their great
convenience, tend to lower their effective costs as cooking fuels, compared
with noncommercial fuels.

As income rises, demand for fuels in the household sector shifts from
traditional to commercial fuels. These trends are illustrated in table 3-8 for

Mexico City and Nairobi. Although these data reflect energy use by different

52. World Bank, World Development Report, 1980 (Washington, D.C.,
World Bank, August 1980) pp. 148-149,
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income groups at one point in time, they serve to indicate changes which might
occur for a given group over time as income rises. The data apply to urban
areas; use of noncommercial fuels for a given income group is likely to be
relatively higher in rural areas.

One reason for this shift from noncommercial to commercial fuels with
rising income is the greater convenience of commercial fuels. As incomes rise,
households place relatively greater value on convenience compared to the
possible savings from using cheaper fuels. Another reason for the shift is
greater household demand for services requiring commercial fuels, such as
lighting and appliances. In both rural and urban areas, at the lowest income
levels, energy is mainly used for cooking. At higher levels of income, the
range of household energy demand expands to uses such as lighting, water
heating, ironing, radios and fans.

Among commercial fuels, in most countries oil-based fuels (mostly
kerosine) and electricity are most important in household sector consumption as
shown in table 3-6a. Where locally available, other fuels may be important,
such as coal in Turkey and gas in Mexico. The share of electricity rose
dramatically between 1967 and 1975. This may be attributed to substitution of
electricity for other fuels and increased demand for lighting and electric
appliances, associated with rising incomes, as well as to expanding electricity
supply. As suggested by table 3-8, fuels such as kerosine may play a
transitional role between noncommercial fuels and electricity. At low income
levels, kerosine tends to be a superior good for which consumption rises with
income, replacing wood. As income continues to rise, kerosine becomes an

inferior good, being replaced by electricity and gas.53

53. Several econometric studies, quoted in Joy Dunkerley, John E.
Jankowski, Jr., Malcolm Gillis, R.K. Pachauri, Pierre Ehrlich et al., and
Robert Kahn, "Assessment of Energy Demand Projections for Selected
Developing Countries," Draft prepared for Office of Long-Range Assessment
and Research, U.S. Department of State (Washington, D.C., Resources for the
Future, August 1980) have found varying income elasticities for kerosine.
Summers reported a GDP elasticity of 1.59 for Indonesia (1.0 if a price
term is included). Strout found an income elasticity of .78 based on a
cross-sectional study (pp. 4.19, 4.46, 4.47). Pindyck found zero and even
negative elasticities for several countries. These results can all be
accommodated within the hypothesis that kerosine is a transitional fuel.



Table 3-8. Wood and Charcoal, 0il Based Fuels, and Electricity as Percentages of Total

Energy Consu ! for Direct Residential Use, Mexico City'and Nairobi

Mexico City Nairobi
Wood and 0il based Wood and 0il based
Income group charcoal fuels Electricity charcoal fuels Electricity
Low 28 55 17 67 33 0
Lower middle 0 63 37 67 24 9
Middle 0 53 47 20 26 54
Upper middle c 49 51 10 12 78
High 0 43 57 5 1 95

Source: G. McGranahan, S. Chubb, R. Nathans, and O. Mbeche, "Patterns of Urban Household
Energy Use in Developing Countries: The Case of Nairobi," Draft (Stony Brook, The State University
of New York, The Institute for Energy Research, February 1979), p. 67.

8¢S
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The Composition of Total Energy Use

Given the composition of energy use in individual sectors, the composition
of total energy use will be determined by the relative shares of each sector in
total energy use. Previous sections discussed factors affecting the
"within-sector" composition of energy use; in this section we will discuss
factors affecting the "between-sector" distribution of energy use. Table 3-9
presents the shares of the four sectors discussed above in total commercial
energy consumption for 1967 and 1975 for selected developing and developed
countries. For both the developing and the developed countries, there is a
wide range in the shares of each sector. In 1975, among developing countries,
the share of transportation ranged from 19 to 46 percent; the share of industry
ranged from 15 to 41 percent; the share of households and related sectors
ranged from 8 to 46 percent; and the share of electricity generation ranged
from 9 to 25 percent. For those countries in the table, the share of the
household sector was in general somewhat higher among the developed countries;
otherwise no definite trends were apparent. There was no consistent trend over
time in the relative sizes of different shares among the developing countries.

What factors determine the sectoral distribution of energy use? We may
distinguish between three interrelated factors. These are fuel efficiency
within sectors, energy intensity within sectors, and the distribution of
economic activity between sectors. We will discuss these factors briefly
below.

The lower fuel efficiency is within a sector, the greater will be energy
consumption in that sector. For example, coal burns less efficiently than oil,
providing less "useful" energy for a given level of total energy consumption.
Thus, the greater the dependence of a sector (relative to other sectors) upon
coal, the greater will be the share of the sector in total energy consumption.
Examples of this effect are provided by table A-2 (see appendix A) and table
3-9. As shown in table A-2, coal use in Turkey in 1975 was concentrated in
"other final sectors"--households and related sectors. Coal use in Kenya was
concentrated in the transportation sector. As shown in table 3-9, the
coal-dependent sectors in these two countries accounted for much rarger shares

of total commercial energy consumption than in other countries.



Table 3-9. Percent of Total Commercial Energy Consumption by Sector?

Household or Electricity

Transportation Industry related sectors generation All other uses
Country 1967 1975 1967 1975 1967 1975 1967 1975 1967 1975
India 23.5 19.0 34.9 41.0 6.2 10.2 16.7 22.9 18.7 6.9
Kenya () 45.7 (c) 15.1 (c) 18.8 (c) 12.7 () 7.7
Thailand 11.8 34.5 16.5 21.1 18.0 19.1 17.8 16.8 13.3 8.6
Nigeria 28.6 36.9 27.3 23.4 12.5 8.2 17.2 9.4 14.4 22.1
Turkey 28.2 19.7 21.4 15.7 26.1 45.5 12.5 10.1 11.8 9.0
Mexico 21.2 21.4 37.2 40.0 8.6 8.4 10.6 13.4 22.3 16.8
Portugal 25.6 27.4 24.7 28.9 17.8 12.8 22.3 18.4 9.6 12.5
Brazil 29.0 28.3 23.2 24.7 10.2 11.3 24.4 25.2 13.3 10.5
Italy 15.1 15.0 33.3 34.8 20.2 25.7 17.5 16.1 13.9 8.5
Japan 11.8 12.5 38.5 37.8 15.6 17.8 17.9 20.6 16.2 11.4
Germany 11.8 13.6 30.0 29.7 27.4 29.4 15.6 17.4 15.3 9.9
Usa 22.7 25.0 26.3 21.3 25.4 24.7 15.6 i8.9 10.0 10.2

Sources: International Energy Agency, Basic Energy Statistics and Energy Balances of Developing Countries,
1967-1977. Proceedings of Workshop on Energy Data of Developing Countries, December 1978, volume II (Paris, OECD, 1979);
International Energy Agency, Energy Balances of OECD Countries, 1974-1976 (Paris, JECD, 1978); and Organization for
Economic Co-operation and Development, Energy Balances of OECD Countries, 1960-1974 (Paris, OECD, 1976).

aIncludes residential, agriculture, commercial, and public service sources.

bIncludes energy use not allocated by sector.

€1967 figures not presented as over 50 percent of total energy use was unallocated by sector.

09
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Energy intensity within sectors may vary widely. Low vehicle gas mileage
in the transportation sector will increase the energy intensity of the
transportation sector and the share of transportation in total energy
consumption. The energy intensity of industry is affected by the availability
and quality of other inputs, such as capital, labor and raw materials. If
capital is scarce and labor is plentiful, industry will tend to be less energy
intensive, lowering the share of industry in total energy consumption.

The distribution of economic activity among sectors is determined by the
path and level of economic development, which is affected by a wide spectrum of
economic, political, and social factors. These vary greatly among countries,
making it difficult to generalize about aggregate economic structure or its
effects upon energy use. One important trend which occurs with development is
an increase in the share of output of the industrial sector relative to the
agricultural sector. This shift is reflected in rapidly increasing energy use,
since industry is more energy intensive than agriculture. The effects of
industrialization upon the structire of commercial energy use are less clear.
Transportation of goods and people tends to increase along with
industrialization. Similarly, rising per capita income accompanying
industrialization increases household and service activities which use
commercial fuels. However, the relative growth rates of these sectors will
vary widely among countries, so that their relative shares in commercial energy
consumption may rise or fall with industrialization. For example, one study
found that energy consumed in transportation by households was much lower in
Nairobi than in Mexico City, for all income levels. This disparity was
attributed to "differences in city-size, degree of urban sprawl, level of urban

congesticn, and the resulcing difference in travel patterns.su

Summary

We may summarize the structure of aggregate energy demand as follows.

First, two trends have occurred over time in the composition of energy use in

54. G. McGranahan, S. Chubb, R. Nathans, and 0. Mbeche, "Patterns of
Urban Household Energy Use in Developing Countries: The Case of Nairobi."
Draft (Stony Brook, The State University of New York, The Institute for
Energy Research, February 1979) p. 30.
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most countries. The share of coal in energy consumption has declined as both
supply and demand conditions have shifted in favor of other fucls. The share
of noncommercial fuels has declined with an increase in the share of "modern"
economic activities ir  total output, with rising incomes, and with
urbanization.

Secondly, there is great variation between countries in the composition of
energy use within sectors. An exception is the transportation sector, which is
heavily dependent upon oil. Much of the variation in the composition of energy
use within sectors appears to result from differences in supply conditions.
The shares of coali, natural gas, and electricity depend greatly on the extent
to which countries are endowed with coal and natural gas resources and
hydroelectric potential. These effects of supply conditions are similarly
reflected in the composition of aggregate energy use, although the common
dependence of most countries' transportation sectors upon oil dampens this
effect.

Thirdly, there is considerable variation among countries in the relative
shares of the four sectors we have discussed--transportation, industry,
households and energy transformation--in total energy consumption. This
variation results from differences among countries in the level and path of
economic development, as well as differences among countries in the relative
energy intensity and energy efficiency of different sectors.

These findings have two important implications for the future composition
of energy use in developing countries. First, transportation sectors appear
likely to remain heavily dependent upon oil use. Energy conservation in
transportation would serve to reduce the share of oil in total znergy
consumption. Secondly, technologically there is considerable scope for varying
the composition of energy use in the nontranspcrtation sectors. However, in
the short run, changes are limited by the requirements of the existing capital
stock. In the long run, changes are limited by countries' abiiities to produce
or import various energy sources. Countries without resources of coal, natural
gas, hydroelectricity, or biomass will face much greater difficulties in
reducing the share of o0il in energy consumption than those countries with

domestic resources.
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The changes in final energy consumption in Brazil and India between 1967
and 1975 (see tables 3-10 and 3-11) serve to illustrate these points. Of the
32.4 million mtoe increase in energy consumption in Brazil over this period,
24.6 million mtoe, or 76 percent was accounted for by oil. Forty-six percent
of the increase in oil consumption, or 35 percent of the increase in total
energy consumption, resulted from increased oil consumption in transportation.
0il also accounted for most of the increases in energy consumption in the
industrial and household sectors. In contrast, of the 24.6 million mtoe
increase in final energy consumption over this period in India, only 7.7
million mtoe, or 31 percent, was accounted for by oil. Over half of the
increase in oil consumption occurred in the transport sector. 0il accounted
for less than 3 percent of the increase in industrial sector energy consumption
and less than one-quarter of the increase in household energy consumption.

Thus, the much smaller share of oil in the increase in energy consumption
in India may be attributed both to slower relative growth in transportation
energy consumption as well as a smaller share of oil in the nontransport
sectors. The latter may be attributed both to favorable supply conditions for
coal in India as well as to government policies favoring the use of coal. We
will discuss government policies affecting the composition of energy use in the

next chapter.
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Table 3-10. Brazil: Changes in Final Energy Consumption, 1967-752

(million metric tems of oil equivalent)

Household
Transpor- and related c
Fuels Industry tation sectors Other Total
Coal 0.6 - - - ' 0.5
04l 7.6 11.2 2.5 2.9 24,6
Gas 0.2 - 0.1 - 0.3
Electricity 2.0 - 2.4 - 4.0
Noncommercial 1.2 - 1.9 - 3.1
Total 11.6 11.2 6.8 2.9 32.4

Source: International Energy Agency, Basic Energy Statistics and Energy
Balances of Developing Countries, 1967-1977. Proceedings of Workshop on Energy
Data of Developing Countries, December 1978, Volume II (Paris, OECD, 1979).

a
Rows may not sum exactly due to rounding.

b . . . . .
Includes primarily residential, agriculture, public service, and
commercial sectors.

c . .
Includes nonenergy uses and unallocated final consumption.
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Table 3-11. India: Changes in Final Energy Consumption, 1967-75

(million metric tons of oil equivalent)a

Sector Household
Transpor- and related
Fuels Industry tation sectors Other® Total
Coal 12.4 -1.2 2.1 -5.2 8.1
0il 0.4 4.0 2.5 0.8 7.7
Gas 0.4 - - - 0.3
Electricity 3.2 0.1 1.0 -1.5 2.8
Noncommercial 0.9 - 4.8 - 5.7
Total 17.3 2.9 10.4 -5.9 24.6

Source: International Energy Agency, Basic Energy Statistics and Energy
Balances of Developing Countries, 1967-1977. Proceedings of Workshop on Energy
Data of Developing Countries, December 1978, Volume II (Paris, OECD, 1979).

a ‘
Rows may not sum eractly due to rounding.

bIncludes primarily residential, agriculture, public service, and commercial
sectors.

“Includes non-energy uses and unallocated final consumption.
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Chapter 4

GOVERNMENT POLICIES AND THE COMPOSITION OF ENERGY USE

Introduction
In this chapter we will briefly discuss the effects of government policies

upon the composition of energy use in developing countries. A wide range of
policies affect the composition of energy use. Policies vary widely among
countries, change rapidly, and are inconsistently applied, making it difficult
to obtain information on or to generalize about their effects. However, we may
outline those policies which are most significant for the composition of energy
use, while providing examples from several countries.

Policies affecting energy are of two kinds: those specifically directed
towards energy production or consumption, and those dealing with the overall
management of the economy or of constituent sectors of the economy which may
have major implications for energy. Policizs of the first sort are, by
definition, motivated by concern with energy problems and are expected to have
planned effects on the problem. Policies of the second sort, however, are
motivated by wider concerns, and their effects on energy may not be foreseen.
Examples of this second type of policy are transport sector regulations and
fiscal policies. The two types of policies may reinforce or :/ offset each
other.

With regard to policies affecting the overall management of the economy,
in the two decades preceding the 1973-T4 o0il price rise, most countries
followed macroeconomic policies associated with a rapid increase in commercial
energy consumption. The main thrust of these policies was to promote rapid
economic growth through industrial development and the modernization of
agriculture. This 1led 1inevitably to the rapid increases in the use of
commercial fuels referred to repeatedly in this study. In particular it led to
increases in the use of oil due to its cheapness, convenience and importance in
modern industrial technologies. The increase in urban population which was

associated with development also led to rising consumption of commercial fuels
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in the household sector. Faced with this rapid increase in consumption of
commercial fuels, a variety of policies were adopted which affected the

composition of energy use.

Production Policies

In general, the policies of developing countries with regard to energy
production have had the goal of providing adequate and reasonably secure energy
at reasonable costs to both households and other users of energy. Policies to
pursue this goal have varied according to countries' resource bases.

For countries poor in energy resources, energy had to be imported. The
extent to which government policies affected the composition of energy imports
is uncertain. As has been discussed in the previous two chapters, prior to
1970, economic forces shifted steadily to favor the importation of o0il over
coal, as both oil export prices and oil transportation costs fell relative to
those of coal, and as new technological change favored the use of oil.
However, it is unclear whether policies such as allocation of foreign exchange
Were employed to further favor the use of oil over coal.

Supply policies for those developing countries (excluding the major oil
exporters) with domestic fuel resources were more complex, involving, as the
international price of petroleum declined, decisions to subsidize or abandon
development of domestic resources.

Exploration and development of indigenous energy resources can be
encouraged in a number of ways--by tax privileges, by direct support to
exploration, leasing arrangements and so on. In addition, existing indigenous
production can be protected against the incursion of cheaper imported fuels by
protective devices. These include subsidies to domestic industries, import
restrictions and duties, and selective taxation of competing forms of energy.
It is beyond the scope of this study to investigate the whole range of
development and protective policy measures applied by developing countries, but
in general governments appeared pleased to take advantage of supplies of
cheaper imported fuel prior to 1970.

However, following the o0il price rises of the early 1970s, governments
adopted a wide-ranging variety of measures to reduce imports and encourage

domestic supply development.
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An example of government subsidization of coal production is provided by
Korea, where coal accounted for 41 percent of total commercial energy
requirements in 1975. Over half of this coal was used in the residential

55 Korean government policy has been zimed at

sector, for heating and cooking.
providing cheap fuel for residential uses. To ensure adequate production
levels, the government provided incentives in the form of subsidies to
consumers and direct financial assistance to mines. Since the rise in oil
prices, the government has taken steps to increase coal output by making grants
of up to 70 percent of the cost of developing a mine and low interest loans for
an additional 15 percent.56 These funds are provided partly by a tax levied on
Bunker C fuel oil. The success of this policy is reflected in a sharp rise in
coal production from 12.4 million tons in 1972 to 17.6 million tons in 1975.57
In the short run, price changes, taxes, and subsidies may have little
effect on energy use. The more costly and fuel specific is energy-using
equipment, the less price elastic fuel use will be in the short run. An
alternative to pricing policies is direct physical allocation, such as was used
in the Indian industrial sector after 1973 to restrict oil use and encourage
replacement of o0il by coal. Initially, oil users were given quotas equal to
their 1973 consumption; then cuts were imposed based on a judgment regarding
substitution possibilities. A firm could get its allocation increased if it
proved that it needed more oil for export production, for import substitution,
or to cater to defense demand. New firms had to be recommended by one of the
designated sponsoring authorities before their application for an allocation

could be considered. Large savings were achieved immediately by switching a

55. International Energy Agency, Basic Energy Statistics and Energy
Balances of Developing Countries, 1967-1977. Proceedings of Workshop on
Energy Data of Developing Countries, December 1978, vol. II (Paris, OECD,
1979) p. 372.

56. Parvez Hasan and D. C. Rao, Korea: Policy Issues for Long-Term
Development (published for the World Bank by Johns Hopkins University
Press, Baltimore, MD, 1979) p. 288.

57. United Nations Statistical Office, World Energy Supplies:
1972-1976, Statistical Papers Series J, no. 21 (New York, UN, 1978) p. 24.
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small number of power stations from oil to coal.58

A fuel-efficiency advisory service was set up to help firms save energy.
Calculations by Desai indicate that fuel oil use in major Indian industries in
1977 was reduced from what it would have been had oil use/output ratios
remained the same as in 1973 by an amount equal to 30 percent of 1973
consumption.59 After 1976, however, difficulties in obtaining supplies of
high-quality steam coal, and the exhaustion of low cost substitution
possibilites impeded further replacement of oil with coal.

Similar measures were used in Brazil to restrain oil consumption after
1973. Crude oil imports were frozen, quotas were introduced, and certain
industrial operations were obliged to switch from oil to coal. As in India,
these included the cement industry, which was up to 1973 one of the larger
industrial consumers of fuel oil.60

In developing countries, supplies of electricity increased more rapidly
than supplies of other forms of energy. Government policies were generally to
encourage the rapid expansion of the electricity sector both by financial
assistance to construction of generating facilities and by financing operating
deficits stemming from subsidized tariffs. In developing countries typically a
very large proportion of this electricity is generated from hydroelectric
capacity rather than imported fossil fuels. There has been particular interest
in recent years in pressing ahead with development of hydro resources, and in
several countries--Korea, India, Brazil--with nuclear gener'ation.61 So great
is the interest in accelerated development of electricity that several
countries plan to have a larger share of electricity in total energy supplies

than most of the industrialized countries.

58. Ashok V. Desai, "Interfuel Substitution in the Indian Economy,"
Discussion Paper from the Center for Energy Policy Research, D73-B
(Washington, D.C., Resources for the Future, July 1981) p. 10.

59. Desai, "Interfuel Substitution," p. 10.
60. Desai, "Interfuel Substitution," p. 12.

61. Joy Dunkerley, John E. Jankowski, Jr., Malcolm Gillis, R.K.
Pachauri, Pierre Ehrlich et al., and Robert Kahn, "Assessment of Energy
Demand Projections for Selected Developing Countries." Draft prepared for
Office of Long-Range Assessment and Research, U.S. Department of State
(Washington, D.C., Resources for the Future, August 1980).
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An interesting example of government-encouraged interfuel substitution
following the 1973-74 rise in oil prices is the alcohol program in Brazil.
Here anhydrous ethanol made from sugarcane is mixed with gasoline in a
proportion of one to four to make an automotive fuel wr.ch can be burned in
standard model cars. Further plans envisage the use of 100 percent ethanol in
specially designed cars, and the substitution of ethanol for both diesel fuel
and feedstock for the petrochemical industry. The alcohol program receives
major governmental support. Furthermore, incentives are to be offered for the
purchase of the new 100 percent ethanol drivenu cars.62

As discussed in chapter 3, governments and international organizations
have undertaken a variety of efforts to increase fuelwood production, such as
village woodlots. 1In most countries, the scale of these efforts remains small
compared to the magnitude of fuelwood consumption and deforestation problems
(an exception is Korea, where a fuelwood plantation program had covered more
than half a million hectares by 1975).63 Difficulties with communal fuelwood
production programs suggest that in many areas, more attention should be
focused on encouraging private fuelwood production. Measures could include the
establishment of nurseries, research into and demonstration of high-yielding
varieties and techniques of agroforestry, improved transportation facilities to
allow the utilization of wood formerly wasted due to high transport costs, and
general forestry education and propaganda. In addition, governments should
concentrate on reducing institutional causes of the fuelwood crisis. New

fuelwood plantations will not be adequate if other areas continue to be

deforested at a faster rate.

Demand Policies
One way in which government policies affect the structure of energy demand

is by affecting the structure of demand for fuel outputs. One example may be

62. Kenneth Paul Erickson, "Brazil" in Kenneth J. Stunkel, ed.,
National Energy Profiles (New York, Praeger, 1981).

63. United Nations Food and Agriculture Organization, "Village
Fuelwood Plantations in Korea," FAO Forestry Paper 17, Supplement 1, Case

Study no. 2 (Rome, FAO, 1979) p. 1.
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found .1n the transportation sector, where policies favoring road over rail
transport, and within rail transport, diesel locomotion over steam, have
resulted in a sharply increasing share of petroleum products in transportation
energy. For many countries this aspect of interfuel substitution had already
been completed in the years before sectoral data were available to document it.
But India, where the change to diesel locomotion took place later than in other
countries, provides an interesting example of the importance of sectoral
policies on the types of fuels used. A steam engine factory was built in 1950,
as a first step in the post-independence industrialization. Although the use
of steam engines was uneconomical for most purposes by the 1960's, steam
engines were produced until 1971 in order to make use of production capacity

and labor.6u

In Brazil, the rapid growth of the automobile industry sponsored by the
government and facilitated by subsidized gasoline in the 50's and 60's
contributed to the rising share of petroleum products in total consumption.

In addition to policies affecting energy use indirectly by affecting the
structure of final demand, governments affect demand directly through pricing
policies such as price controls, subsidies, and taxes. Governments use price
controls or subsidies to encourage consumption of a fuel or to benefit
consumers of the fuel. Taxes are used to raise revenue as well as to
discourage consumption. There 1is great variation in the energy pricing
policies of developing countries. 1In addition, since subsidies and taxes may
be introduced at various levels of production of energy, as well as in sales to
consumers, it is difficult to determine the exact extent to which various fuels
are subsidized or taxed. However, we may provide examples of' pricing policies
which affect the composition of energy use.

Some fuels may be abundant locally but difficult to export, such as
hydroelectricity or natural gas. These fuels are usually priced attractively
to encourage total use.

A widespread policy followed by developing countries is to keep prices of
fuels used primarily in the residential sector--kerosine, coal products, and

electricity used by rural consumers--low through subsidies. This is an

64. Desai, "Interfuel Substitution," p. 25.
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understandable concern as in the lower income groups virtually all income is
spent on food and the energy necessary to prepare it. Governments face similar
pressures to keep down energy prices as they do to keep down prices of basic
foodstuffs.

In Korea priczs of coal used by domestic consumers are subsidized.65 In
most countries elcctricity tariffs paid by small consumers, especially those in
rural areas, are also frequently subsidized. In parts of rural Central
America, for example, subsidies amount to about 30 percent of total costs of
electr'icity.66

Table H-1 gives prices of household kerosine and gasoline in a number of
countries, including oil exporters and oil importers for 1973 and 1977. The
wide variation in prices illustrates the diversity among countries in pricing
policies. 1In a few countries, kerosine prices were actually below the export
price of Saudi Arabian crude »il (a rough measure of the world price),
indicating significant subsidization. If costs of refining, transportation,
and retailing are included, the extent of subsidization would appear much
greater.

Subsidies are expensive policies for aiding the poor, since they also
benefit other groups. Thus in Indonesia, survey data for 1976 indicated that
the poorest 40 percent of the population used only 20 percent of the kerosine.
Specifically the evidence suggested that for every one rupiah of kerosine
subsidy benefitting the very poor, four rupiahs of that subsidy benefit the
relatively well-off. Furthermore, since the 1973-7T4 rise in oil prices
kerosine subsidies have led in several cases to sharply rising budgetary costs.
In Indonesia, for example, subsidies on oil products amount to 9 percent of
total tax revenue, almost $10 per barrel of domestic consumption of oil

products.67

65. Hasan and Rao, Korea: Policy Issues, p. 288.

66. World Bank, "Rural Electrification,” A World Bank Paper
(Washington, D.C., World Bank, October 1975) p. 26.

67. Dunkerley and coauthors, "Assessment of Energy Demand
Projections," p. 255.
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Table 4-1. Retail Prices of Kerosine and Regular Gasoline, Selected Developing
Countries, 1973 and 1977%

1973 iz:i:izz to 1977 iz:::iﬁ: to
Kerosine Gasoline pgasoline Kerosine Gasoline pgasoline
Argentina 34.0 60.4 .56 45.9 82.6 .56
Bolivia 6.0* 17.0 .35 5.6* 27.8* .20
Brazil 27.2 29.2 .93 83.2 151.2 .55
Burma 20.8 43.3 .48 29.2* ) 40.8 .72
Chile 37.8 56.7 .67 52.9 90.7 .58
Colombia 12.6 14.3 .88 26.1" 27.4" .95
El Salvador 18.0 52.0 .35 64.0 97.6 .66
Ethiopia 68.8 89.5 .77 82.0 121.3 .68
Ghana 29.2 54.2 .54 72.5 101.5 .71
India 30.7 71.2 .43 54.6 142.4 .38
Jamaica 14.7 37.6 .39 32.0 171.7 .19
Kenya 33.3 59.0 .56 69.0 125.0 .55
Mexico 10.3 24.2 .43 9.0* 45.0 .20
Morocco 43.7 89.3 .49 65.0 160.0 .41
Pakistan 16.7 50.8 .33 31.0 108.0 .29
Panama 22.9 46.8 47 50.1 100.0 .50
Paraguay 42.0 57.0 .74 78.0 150.0 .52
Peru 4.0" 21.0 18 12.0" 93.0 13
Philippines 16.0 18.0 .89 57.2 84.8 .67
Portugal 30.4 84.6 .36 45.4 177.6 +26
Sri Lanka 17.5 71.7 .24 40.0 146.7 .27
Thailand 36.0 39.0 .92 50.0 73.3 .68
Tunisia 65.9 161.0 .41 36.6 155.5 .24
Turkey 36.2 41.7 .87 52.4 58.0 .90
Uruguay 30.0 85.0 .35 84.0 157.0 .54

Source: Darrel G. Fallen-Bailey and T.A. Byer, Energy Options and Policy Issues
in Developing Countries, World Bank Staff Working Paper no. 350 (Washington, D.C.,
World Bank, August 1970) p. 102.

*

Price 1s below the realized price for Saudi Arabian crude oil of 6.4¢ in 1973
or 27.5¢ in 1977. World Bank, Commodity Trade and Price Trends, Report No. EC-166/79
(Washington, D.C., World Bank, August 1979) p. 94.

a
Prices include taxes, and are in U.S. cents per gallon. Data are for capital
citles, except for Brazil where data are for Rio de Janeiro.
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While kerosine is typically subsidized or taxed at a very low rate,
industrial fuel oil is usually taxed at a higher rate, and gasoline is taxed
still higher. The effects of these differences in taxes may be seen in table
4-1 in the ratio of the price of kerosine to the price of gasoline. For every
country in the table, the retail price of kerosine was lower than the retail
price of regular gasoline. The 1977 kerosine prices were as low as 20 percent
of gasoline prices in countries such as Bolivia, Jamaica, Mexico, and Peru.

The role of taxes “n bringing about this price differential between
kerosine and gasoline may be seen in table U4-2. In all but six of the
countries in the table, taxes on kerosine were less than 30 percent of taxes on
gasoline in 1977. A limitation on the effectiveness of varying tax and subsidy
rates to bring about wide price spreads between ocil products is that they may
cause a distortion of demand, resulting in substitution between fuels by
consumers. For example, kerosine may be mixed with gasoline in modified car
engines, and kerosine can also be mixed with diesel f‘uel.68

High taxes on oil products serve to encourage the use of other fuels.
According to Desai, "The chief reason for the Slower decline in the use of
solid fuels in India was to be found in the government's energy pricing and tax
policies."69 Prior to 1973, the position of coal was retained through the
imposition of taxes on o0il products--300 percent on gasoline and diesel fuel
and about 110 percent on kerosine and furnace oil. Subsequently, as discussed
above, physical allocation also helped to limit o0il consumption in favor of
coal.

Since 1973, taxes on petroleum products have been raised in some countries
but lowered in others, as shown in table 5-2. 1In general, retail prices of
gasoline were allowed to rise more rapidly than those of kerosine. Thus for
sixteen of the twenty~five countries in table 5-1, the ratio of the price of
kerosine to the price of gasoline fell between 1973 and 1977. One type of de
facto subsidy was common in those countries which produce as well as import

oil. The Indian government, for example, in an effort to protect refiners from

68. An excellent discussion of energy pricing policies in India and
their effects on the composition of energy use may be found in Desai,
"Interfuel Substitution," pp. 52-58.

69. Desai, "Interfuel Sudbstitution," p. 6.
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Table 4-2. Taxes on Kerosine and Regular Gasoline, Selected Developing
Countries, 1973 and 1977°

1973 1977
Ratio of Ratio of
kerosine to kerosine to

Kerosine Gasoline gasoline Kerosine Gasoline gasoline

Argentina 14.2 44,7 .32 21,0 65.2 .32
Bolivia 0.0 4.0 .00 0.6 2.8 .21
Brazil 3.9 9.7 .40 7.6 37.8 .20
Burma 0.8 24.2 .03 1.7 2.5 .68
Chile 3.1 23.6 .13 5.3 37.8 14
Colombia 0.2 4.2 .05 0.1 6.2 .02
El Salvador 0.0 25.7 .00 0.1 54.1 .00
Ethiopia 34.9 45.8 .80 12.9 22.7 .57
Ghana 1.2 28.8 .04 13.1 25.1 .52
India 12.2 49.3 .25 18.9 92.8 .20
Jamaica 0.0 13.6 .00 0.0 110.7 .00
Kenya 7.2 31.3 .23 6.0 55.0 11
Mexico 1.6 4.5 .36 0.0 15.0 .00
Morocco 20.0 53.0 .38 24.9 103.5 .24
Pakistan 5.0 37.5 .13 23.0 61.0 .38
Panama 15.3 13.7 1.12 1.7 43.2 .04
Paraguay 9.0 20.0 45 7.0 24.0 .29
Peru 0.2 8.0 .03 0.6 31.0 .02
Philippines 2.1 5.2 40 3.6 25.5 14
Portugal 5.7 59.7 .10 22.9 118.8 .19
Sri Lanka 5.0 31.0 .16 3.2 26.4 .12
Thailand 7.5 16.1 .47 6.2 26.8 .23
Tunisia 18.8 73.7 .26 27.4 238.1 .12
Turkey 17.2 25.3 .68 16.6 22.9 .72
Uruguay 4.0 42,0 .10 11.0 64.0 .17

Source: Darrell G. Fallen-Bailey and T.A. Byer, Energy Options and Policy Issues
in Developing Countries, World Bank Staff Working Paper No. 350 (Washington, D.C.,
World Bank, August 1979) p. 103.

8Taxes are in U.S. cents per gallon. Data are for capital cities, except for
Brazil where data are for Rio de Janeiro.
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the full increase in international oil prices provided supplies to refineries
at the 1973 import parity prices until 1976.70 This represents a massive
cross-subsidization of imported oil by local crude, and substantially weakens
oil couservation policies.

The pricing picture is therefore extremely complex and frequently
contradictory, reflecting a conflict between the desire to protect poor
populations against sharp price increases and the inevitability of allowing
prices to rise. Superimposed on this picture of rising cenergy prices is a
sharp rise in prices of all goods such that the real rise in prices of many

energy products has been relatively small.

Conclusion

What did governments do, if anything, to promote more advantageous supply
or consumption conditions of one fuel rather than another? On the side of
supply we have seen that all countries tried to promote the particularly rapid
development of electricity. Prior to 1973, considerations of cost and
convenience favored imrorted cil over imports of other fuels or development of
more expensive dom:stic resources. Subject to foreign exchange constraints,
official poliev did not impede this trend.

In countrics which possessed major coal resour:es, government support in
forms fanging from direct subsidies to production to preferential tax treatment
was accorded. As in industrial countries, quite drastic measures were required
to retain a major role for coal in the face of increasing competition from oil.
After 1973 physical allocation of fuels became more important in some markets,
in particular coal and oil.

The major feature of the demand side is the multiplicity of subsidies,
such as kerosine and electricity consumed by the poor or in rural areas, coal
used in industry, or diesel fuel used in transportation. It is consequently
difficult to judge whether any fuel received systematically preferential
treatment. Since 1973, however, there has been some move to increase kerosine
prices, so that the position of kerosine vis-a-vis other residential fuels has

deteriorated.

70. Desai, "Interfuel Substitution," p. 52.
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Chapter 5

CONCLUSIONS: IMPLICATIONS FOR THE FUTURE

There are two primary trends in the composition of energy use over time.
The first is the declining share of noncommercial fuels in total energy use.
As data are not available it is not possible to document this trend for groups
of developing countries over long periods. But data available for selected
developing countries testify to this major development. The other major trend
in the composition of energy supplies over time lies within the commercial fuel
sector. In the developing countries, as in the industrial countries, the share
of coal in total energy use has fallen, and the share of oil, electricity, and
in some cases gas, has risen. These two developments in the composition of
fuel supplies over time are noticeable on a more disaggregat:d basis in all
those sectors in which changes in the composition of energy supplies appear
feasible--industry, electricity generation and household uses.

In the industrial sector the snare of industrial energy provided by coal
and noncommercial fuels has fallen, and the share of electricity, and in most
cases petroleum products, has risen. For many countries petroleum products and
electricity now account for virtually all of the energy consumed in this
sector. In electricity generation hydroelectricity dominates in developing
countries but even here there have been some changes in the composition of
generating capacity, in particular a sharp rise in the share of oil-fired
capacity. In the household sector, the share of noncommercial fuels has fallen
as the share of both petroleum products and electricity rose.

What caused these consistently observed trends in the composition of
energy use? There appear to be two main causes--~the rapid expansion of
"modern" activities requiring commercial fuels and declining real oil prices
prior to 1970. Tn the industrial sector, . for example, the decline in
noncommercial fuels appear to be due primarily to the rapid growth in modern
industrial activities. The substitution of oil and electricity for coal was
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due to declining relative prices, reflected also in current technologies.
Declining oil prices coupled with lower capital costs compared with other types
of generation also appear to be largely responsible for the increasing share of
oil-fired electricity generation.

In the household sector rising real income led to a rising share of
commercial fuels because of their greater convenience, and by rapid growth in
demand for energy services (such as electric appliances) which could only be
met by commercial fuels. This tendency was reinforced by the rapid growth in
urban population without access to traditional fuels, and by declining real
prices of frequently subsidized kerosine.

In these sectors, changes in the composition of the fuels used is feasible
as the uses to which they are put can be met by several types of fuels. There
are other sectors, however, which are tied to specific fuels, in particular
oil. These are the transportation sector and the nonenergy sector (the use of
0il as feedstock in petrochemicals). The expansion of these sectors
automatically led to increasing reliance on petroleum products in total fuel
supplies. In the cases of India and Brazil, for example, increases in oil
consumption in the transportation sector accounted for 52 percent and U46
percent, respectively, of the total rise in oil consumption between 1967 and
1975.

The analysis of historical trends indicates a wide measure of shared
experience in developing countries. But inter~country comparison points to
Still considerable differences in the composition of eneegy  use  among
countries. While most countries now depend heavily on o0il, in many countries
exceptional domestic resource endowments have meant a major role for other
fuels--examples include coal in India, gas in Nigeria and Mexico, and
noncommercial fuels even in such highly developed countries as Brazil. The
easy availability of o0il on a worldwide basis diminished the importance of
domestic resource endowment, but it continues to be a decisive factor in some
circumstances.

Many of the developments described above occurred in response to changing
economic conditions, in particular the fall in the real price of oil. But
government intervention also played a major role, in some cases reinforcing
already existing trends and in others trying to withstand them. On the side of
suppiy most countries tried to promote rapid development of electricity. In

countries which possessed major coal resources, quite drastic measures were
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sometimes used to retain a major role for coal in the face of increasing
competition from oil. This was frequently given in the form of direct
subsidies to production and preferential tax treatment. After 1973, physical
allocation of fuels, both coal and oil, became more important in some markets.

The major feature of government intervention on the demand side was the
multiplieity of subsidies on those fuels consumed by the poor--kerosine, coal,
and rural electric consumption. Fuel oil and diesel often benefitted from low
tax rates, while high taxes were levied on gasoline. Since 1973, a number of
countries have raised prices for petroleum products by reducing subsidies or
raising taxes in an effort to encourage conservation. These moves have
frequently met with strong opposition, especially when increases in prices of
mass consumption goods such as kerosine and mass consumption services such as
bus fares have resulted.

What are the possibilities for future changes in the composition of energy
use away from imported 0il? This will depend on the relative prices of the
different sources of energy, the development of energy supplies, the evolution
of demand for energy and government policies. A detailed analysis of these
topics is beyond the scope of this paper but a short summary of the resource
position of the oil-importing developing world can give a preliminary idea of
the problems and opportunities.

Countries vary widely in their endowments of proven fossil fuel reserves
as well as hydroelectric potential. Those countries most dependent upon o0il
imports tend to be the least well-endowed with foss3il fuel resources, on a per
capita basis. However, past exploration for 0il, natural gas and coal has been
much less intensive in the developing than in the developed countries. New
discoveries may be very significant in terms of reducing energy dependence in
the countries in which they take place.

But more intensive exploration activities are hampered by a number of
factors. High costs of exploration in remote areas, together with a shortage
of risk capital and numerous difficulties in dealing with foreign oil
companies, have slowed the pace of exploration for oil. The same problems
affect exploration for natural gas, along with the greater difficulties of
transporting and marketing natural gas. Known coal resources are distributed

more extensively than those of oil or gas. However, in a number of countries,
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coal ' resources are not yet economically or technically recoverable. In
addition, high infrastructure costs for mining, transportation, and handling
have slowed the development of coal.

Expansion of hydroelectric power is limited by high construztion costs and
insufficient demand in many countries. Nuclear power plays only a minor role
in LDC power generation. The future for nuclear power, even for those few
countries with a large enough grid to accommodate the current size of nuclear
plants, is plagued with .reliability and safety problems.

For many countries, including those with the highest rates of import
dependence, fuelwood availability is declining. As a renewable resource, as
opposed to a nonrenewable resource, it is in theory possible to increase
fuelwood supplies on a predictable and sustainable basis. However, this task
is complicated by competition with agriculture for scarce land resources,
population )»ressures, and the common property nature of areas where fuelwood is
gathered, To reverse the trend of increasing scarcity will require ma jor
investments and organizational changes.

At present, fuelwood and the other biomass resources (animal and crop
wastes) are largely restricted to rural uses in primitive applications. If
biomass fuels are to be substituted for commercial fuels on a large scale,
conversion technologies must be developed and facilities constructed and ma jor
organizational changes must take place in agriculture and forestry.

The picture on the resource side then is a mixed one. Even where it is
possible to be optimistic with regard to resources of conventional and
renewable fuels, problems are posed by the costs of developing new supplies,
obtaining investment funds and the organizational changes required.

Supply prospects are only one side of the picture. The other is the types
of demands for energy which are likely to develop. In the pre-1973 days a
reasonable prognostication for energy demand in developing countries might have
been that it would follow the patterns established by industrial countries.
The radical change in energy prices has cast doubt on such assumptions though
it is not clear how energy demand will develop. under these new circumstances.
This, is a topic which requires further_fesearch as it concerns not only the
amount of energy to be consumed but also the forms in which it will be

required.
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Despite major uncertainties about future trends in energy consumption,
some features rooted strongly in past experience seem likely to continue. The
first is the continued decline in the share of noncommercial fuels used in

their present form in total energy supplies. As urban populations and modern

commercial activities continue to grow more rapidly than rural populations and
traditional rural-based activities, the proportion of commercial fuels in the
total will also continue to grow. This trend could be slowed by using biomass
resources in different ways--more efficiently in traditional uses such as
cooking and by conversion to modern fuels (1iquids, solids and electricity).

With regard to the composition of commercial fuel supplies, of primary
concern is the share of petroleum products in the total. A first question is
what is 1likely to happen to ‘those sectors which are inherently
oil-using--transportation and petrochemicals. Again these are questions which
merit major research efforts, but certain a priori assessments can be made.
The transportation sector is likely to grow as development proceeds. Even at
relatively low levels of industrialization, developing countries may have a
higher freight transportation intensity (that is, the number of freight miles
traveled relative to GDP) than some industrial countries because of the
predominance of one major center in the economy. As regional development
proceeds, however, freight intensity may fall. On the other hand, as incomes
rise, demand for passenger transport and particularly private passenger
transport will rise. The use of liquid fuels as feedstock for petrochemicals
will depend on development strategies and also on the cost advantages of
importing rather than domestic manufacture.

In the other sectors--electricity, industry and households--there are
greater possibilities for substituting other fuels for liquids. I'ne -
electricity sector has the greatest potential for substitution, using coal,
gas, hydrcelectric power, and nuclear power. While aided by rapid rates of
growth in the electricity sector, the long lead times in developing electricity
generating facilities means that it will still take some years before this
changing composition becomes effective. In .the meantime ¢there are some
possibilities for converting existing oil-fired facilities to gas or to coal.
The conversion to gas is technically straightforward but is dependent on the
local availability of gas at reasonable prices. The conversion to coal is more
difficult, depending on whether coal-handling facilities are already in place.

This is most likely to happen in countries which already have a coal industry.
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The rapidity of growth in the industrial sector also offers possibilities of
reducing the role of liquid fuels in the future as new additions to the capital
stock using other fuels are made. In the household sector, the wide variety of
fuels used indicates the possibility of reducing the role of petroleum
products. However, the key role of (frequently subsidized) kerosine may prove
a major obstacle to achieving this reduction.

Several countries have published energy plans giving some indication of
their plans for the composition of fuel supplies in the future. One common
feature is an anticipated sharp increase in the share of electricity. Indeed,
in some cases the anticipated size of the electricity sector by the end of the
century raises questions about how the electricity is to be used. As might be
expected most countries plan on a reduction in the share of petroleum
products.71 To a large extent, the feasibility of diminishing oil's share in
total energy supplies will depend on the structure of prices. In 1970 export
prices of oil were less than half those of coal. The lower price of oil was
reinforced by qualities such as cleanliness, convenience, and ease of handling
and transport. By 1978 export prices of oil were slightly higher than those of
coal, and there are major doubts about future availability. On the other hand,
oil still remains one of the most convenient and flexible forms of fuel. It is
not clear how great a margin between fuel prices is needed to induce a
widespread move to coal or alternative forms of fuel.

These considerations point to a continued, probably intensified, role for
government in energy policy. The rationale for this role, supplementing
whatever reaction is taken by consumers following the sharp rise in oil prices,
lies in the difference between private and social costs of using energy and the
need to accelerate the time frame in which adjusiments are made. As we have
seen, governments played a major role in energy policy in the past, so that
this is not a new initiative. However, past interventions were not primarily
motivated by concern with the composition of fuel use. Thus, the main concern
of governments in the 1960s and early 1970s was the provision of cheap sources

of supply tempered where necessary by the need--bolstered by accompanying

. T1. Korea is a noteworthy exception. 1In the Long-Term Prospect for
Economic and Social Development 1977-91 (Korea Development Institute,
Seoul, Korea, 1978), the share of oil is planned to rise. This plan was,
however, drafted before the recent (1979) rise in oil prices.
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political pressures--to retain some place for a major domestic industry.
Covernments subsidized many forms of energy, keeping prices low both in order
to relieve poverty as well as to promote modernization.

Government policies in the future are likely to be rather different, with
a higher priority placed on substituting other fuels for oil. The experience
surveyed here shows that it is possible, as witnessed in several countries
which rely heavily on other fuels. However, interfuel substitution may not be
easy to achieve. For one thing, relative costs of using the different fuels
may still favor oil in many end uses. Secondly, governments do not start with
a clean slute. It may not be possible, especially in a relatively short
period, to dismantle systems of subsidies and differential taxation affecting
0il products. These systems were instituted largely in response to political
pressures, which will oppose radical or sudden changes. More coordinated
efforts will be needed to change patterns of fuel use in the future. Efforts
to promote interfuel substitution will require an integrated approach with

regard to pricing, energy supply, and the major end-use sectors.
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Appendix A

ENERGY CONSUMPTION BY FUEL AND BY END USE

Table A-1. Sharea of Total 01l Consumption, by Sector, 19752

(percent)

Generation Other Other primary

of final sectors® and d

electricity Industry Trausportation sectors nonenergy uses Unallocated
India 8.6 14.0 37.7 25.6 14.1 0.0
Kenya 7.0 16.0 55.8 20.0 1.1 0.0
Egypt 12.4 0.0" 19.7¢ 17.2€ 1.8 49.0
Indonesla 4.0 1.4° 27.2 29,3¢ 1.9° 36.2
Nigeria 0.0 20.0 46.2 8.5°¢ 46" 20,7
Thailand 14.6 18.9 40.9 20,9 4,7 0.0
Korea 26.5 a.2¢ 5.2¢ 3.8¢ 12.5°¢ 5.8
Colombia 7.8 0.0° 49.7 11.6° 5.8° 25.0
Mexico 15.8 25.8 41,9 11.1 S.4 0.0
Turkey 10.8 20.0 38.6 26,6 4,0 0.0
Brazil 2.5 29.3 46.5 10,7 8.6 2.4
Portugal 14.0 28.0 38.2 11.8 8.0 0.0
Italy 21,7 29.9 21.8 25.8 0.8 0.0
Japan 24,4 31.6 20.1 18.6 5.2 0.0
UsA 11.1 11.3 58.9 17.9 0.9 0.0
Germany 3.9 24,0 26.0 36.0 12,1 0.0

Sources: International Energy Agency, Basic Energy Statistics and Enerpy Balances of Developing
Countries, 1967-1977, Proceedings of Workshop on Energy Data of Developing Countries, December, 1978, vol. II
(Paris, OECD, 1979); International Energy Agency, Energy Balances of OECD Countries, 1974~1978 (Paris, OECD,
1980).

%Total oil consumption includes net imports, net changes in marine bunkers and stock changes, and
indigenous refinery production.

bPrimarily agriculture, commercial use, public service, and residential.
cPrimurily gas manufacture, own use by energy sector, and statistical differences.
dFinal ude not allocated by sector.

®Share may actually be much larger, due to large share of final energy use unallocated by sector.
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Table A-2, Shares of Total Coal Consumption, by Sector, 19752

(percent)

Generation Other Other Primary

of [inal sectors® and

electricity Industry Transportation sectors nonenergy uses Unallocatedd
India 26.2 56.0 16.0 3.8 0.0 =2.1
Kenya 0.0 7.1 92.9 0.0 0.0 0.0
Egypt 2.8 96.8 0.0 0.0 0.3 0.0
Indonesia 0.0 39.1 24,2 0.0 28.9 7.8
Nigeria 0.0 100.0 0.0 0.0 0.0 0.0
Thailand 91,9 8.1 0.0 0.0 n,0 0.0
Korea 4.4 13.7 0.2 12.9 0.0 8.7
Colombia 7.7 15.1¢ 0.0° 0.0° 0.1° 7.1
Mexico 1.9 98.1 0.0 0.0 0.0 0.0
Turkey 10.9 7.8 3.6 70.0 7.6 0.0
Brazil 27.7 61.5 0.4 0.0 0.0 10.3
Portugal 32.6 47.8 4.3 2.2 13.0 0.0
Italy 18.7 49,2 0.8 10.0 21.3 0.0
Japan 21.4 52.9 0.1 7.0 18,7 0.0
usa 72,7 24,2 0.0 1.5 1.6 0.0
Germany 58.8 21.1 0.4 10.1 9.6 0.0

Sources: International Energy Agency, Basic Energy Statistics and Energy Balances of Developing
Countries, 1967-1977, Proceedings of Workshop on Energy Datu of Developing Countries, December, 197,
vol, II (Paris, OECD, 1979); International Energy Agency, Energy Balances of OECD Countries, 1974-.978
(Paris, OECD, 1980).

%Total coal consumption includes indigenous production and net imports and changes in stock. The
energy content of "cecondary solid fuels" was converted to that of "primary solid fuels" based upon the
efficiency of production of secondary solid fuels from primary solid fuels.

bPrimarily agriculture, commercial use, public service, and residential,
cPrimarily gas manufacture, own use of energy sector, and statistical differences.
dFinal use not allocated by sector,

®Share may be much larger, due to large share of final energy use unallocated by sector.
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Table A~3. Shares of Total Gas Consumption, by Sector, 19758

(percent)

Generation , Other Other PEimury

of final sectors and d

electricity Industry Transportation sectors nonenergy uses Unallocated
India 15.7 48,8 0.0 3.6 31.9 0.0
Kenya - - had - -- -
Egypt 0.0 94.0 0.0 6.0 0.0 0.0
Indonesia 0.0 5.9° 0.0 24.4° 13.8° 55.9
Nigeria 43.9 56.1 0.0 0.0 0.0 0.0
Thailandf - - - —— - -—
Koreaf — - - - - —_—
Colombia 13.9 0.0° 0.0 3.0% 39.2° 43.9
Mexico 1.1 64.6° 0.0 2.6° 0.0° 21,6
Turkey 0.0 0.0 0.0 80.0 20.0 0.0
Brazil 29,6 53.6 0.0 16.7 -0.8 0.1
Portugal 0.0 0.0 0.0 80.0 20.0 0.0
Italy 9.3 54.7 1.4 32.5 2.1 0.0
Japan 34.0 16.5 0.0 44.0 5.5 0.0
USA 15.9 31.1 0.0 37.6 15.3 0.0
Germany 30.7 43.6 0.0 23.2 2.5 0.0

Sources: International Energy Agency, Basic Energy Statistics and Energy Balances of Developing
Countries, 1967-1977, Proceedings of Workshop on Energy Data of Neveloping Countries, December, 1978, vol. II
(Paris, OECD, 1979); International Energy Agency, Energy Balances of OECD Countries, 1974-1978 (Paris, OECD,

1980).

8Total gas production includes indigenous production (including production from coal and oil), not
imports and changes in stocks.

bPrimnrily agriculture, commercial use, public service, and residential.

cPrimarily own use by energy sector and statistical diffarences.

dPinul use not allocated by sector.

€Share may actually be much larger, dve tu large share of final energy use unallocated by sector.

f
These countries consume no gas.
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a
Table A-4. Shares of Total Electricity Consumption, by Sector, 1975

(percent)
Other oo vrimary
final sectors€ and d
Industry Transportation sectors” nonenergy uses Unallocated
India 48,8 2.4 23.9 8.7 16.3
Kenya 37.8 0.0 50.0 0.0 12.2
Egypt 49,2 0.0 33.5 0.0 17.3
Indonesia 30.5 0.0 68.7 0.0 0.8
Nigeria 49.8 0.0 34.8 0.0 15.4
Thailand 64.0 1.2 18.7 0.0 16.1
Korea 68.8 1.3 15.8 2.9 11.3
Colombia 41,3 0.0 51.6 0.1 7.0
Mexico 56.5 0.0 37.0 0.0 6.5
Turkey 56.3 0.7 21.5 20.7 0.0
Brazil 41,0 0.0 47.1 0.0 11.9
Portugal 47.9 2.1 35.1 14,9 0.0
Italy 52.7 3.3 28.3 15.7 0.0
Japan 58.3 2.9 27.2 11.7 0.0
Usa 29.5 0.2 51.2 19.2 0.0
Germany 41.4 2.9 40,5 15.2 0.0

Sources: International Energy Agency, Basic Energy Statistics and Energy Balances ofr Developing
Countries, 1967-1977, Proceedings of Workshop on Energy Data of Developing Countries, December, 1978,

vol. II (Paris, OECD, 1970); International Energy Agency, Energy Balances of OECD Countries, 1974-1978
(Paris, OECD, 1980).

%Total electricity consumption includes domestic production and net imports.
bPrimarily agriculture, commercial use, public service, and residential.
cPrimarily own ugse by energy sector and statistical difference.

dFinal use not allocated by sector.
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Appendix B

ENERGY DATA: PROBLEMS OF AGGREGATION AND INTERPRETATION

Introduction

A number of problems arise in the collection and interpretation of data
relating to energy use. These result from the great diversity of energy
sources and the even greater diversity of uses to which energy is put. 1In
order to study energy use, it is necessary to aggregate over different energy
sources as well as over different. outputs which energy is used to provide.
However, the higher the level of aggregation, the more difficult it is to
interpret data, or to isolate the effects of the phenomena being studied from

those introduced by the method of aggregation.

Aggregation of Different Energy Sources

There is a wide variety of sources of energy used in developing countries,
including such diverse torms as human and animal power, firewood, hydroelectric
power, oil, natural gas, and coal. Within a given energy source there may be
numerous grades, and the same energy source may be used in widely varying
applications.

The efficiency of energy use, or the share of total energy released which
is actually used in a given economic activity, varies widely from energy source
to energy source. For a given economic activity and energy source, energy
efficiency depends upon the other inputs which are applied, such as capital and
labor, and tae technology with which they are applied.

In order to present data for such a wide range of energy sources, it is
necessary to aggregate over different energy sources using common units. Any
method of aggregation involves assigning energy weights to physical units of
different energy sources.

The best method of aggregation will depend upon the use to which the
aggregate neasure is to be put. Usually the purpose of aggregate energy
measures is to indicate either the cost or the contribution to society of

energy use.
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The most simple way to determine the cost to society of energy use is to
aggregate in terms of the prices of energy resources used. However, where
prices are controlled or otherwise distorted, they may not reflect the true
cost to society of energy use. If an attempt is made to measure the costs of
environmental externalities, it becomes even more difficult to measure the
costs of energy consumption.

In studying the contribution of energy, the most common method of
aggregation is to assign weights in terms of the theroetical or "total" energy
content of each energy source. Where fuels are used for similar purposes with
relatively similar efficiencies, aggregation of the total energy content of
different fuels may provide a useful indication of the energy contribution of
different sources. however, the greater the variation in efficiency of energy
use among different energy 7jources, the 1less meaningful will be aggregate
measures or comparisons of total energy content. Total energy content may bear
little relationship to the useful contribution of the energy source in
production, or to the ways in which different energy sources could be
substituted for each other. As a result, aggregation and comparison of cotal
energy contents of widely varying energy sources may be useless or even
misleading for economic analysis.

A much more difficult alternative is to assign weights in terms of "useful
energy" provided by different energy sources in different uses. Since the
efficiency of energy use may vary widely between different energy sources and
different uses, calculation of weights is very difficult and must be somewhat
arbitrary. In effect, it is almost impossible to determine what share of total
energy use for a given fuel is actually converted into useful energy.

This arbitrariness is occasionally used as an argument against attempts to
compare or aggregate over different energy sources in terms of useful energy
contributions. however, an implieit, if not explicit weighting of total energy
content by efficiency is always necessary for such comparisons or aggregations.

Standard procedures for presentation of energy data involve some
compromise between assigning energy weights by total energy content and by
useful energy content. Data for fuels which are burned are generally presented
in torms of total energy content. Other energy sources are generally presented
in terms of useful energy content or in terms of the total energy content of

fuels which would be burned in providing similar services.
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The most common practice for fuels which are burned is to present fuel
consumption in terms of the volume or weight of a standard grade of o0il or coal
providing an equivalent calorific value in combustion. There are numerous
difficulties in calculating appropriate conversion coefficients for the wide
range of fuels which are used, especially in developing countries.
Noncommercial fuels may be burned much less efficiently than commercial fuels.
As a result, the share of useful energy provided by noncommercial fuels may be
considerably lower than their share in total energy consumption.

For energy sources which produce electricity but do not involve
combustion, such as hydroelectricity and nuclear power, -one practice is to
calculate the volume or weight of the standard grade of coal or o0il needed to
produce the same amount of electricity. Another is to report directly the
calorific value of the electricity generated. The former practice attributes
an energy content to hydroelectricity and nuclear power roughly three times
that of the calorific value of the electricity generated.

The energy content attributed by the former practice is more comparable to
that of oil in terms of its useful energy content, as electric energy may be
used much more efficiently than energy in oil which will first be converted to
electricity. The adoption of these different conventions explains much of the
differences in the two main sources of data on energy use in developing
countries--the United Nations and the International Energy Agency.72

Even greater difficulties arise in calculating caloric value equivalents
for energy sources which neither involve combustion nor produce electricity,
such as human and animal power or direat wind energy. Various attempts have
been made to calculate the energy directly embodied in various uses, or for
animate energy, the caloric value of food inputs. These calculations are
difficult ard not particularly useful, as the efficiency of energy use in these
forms varies greatly from that of other fuels. Another alternative is to
calculate the energy content of oil or other energy sources needed to perform

the same tasks.

72. See for example, United Nations Statistical Office, World Energy
Supplies, Statistical Papers Series J (New York, UN), various issues; and
International Energy Agency, Basic Energy Statistics and Energy Balances of
Developing Countries, 1967-1977. Proceedings of Workshop on Energy Nata of
Developing Countries, December 1978, vol. II (Paris, OECD, 1979).
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In general, the more energy sources differ in form and the uses to which
they are put, the greater the difficulty of defining common units for measuring
their use which also convey some impressions of their useful energy
contribution. As a result, the greater the diversity of energy sources and
uses, the greater the need for caution in interpretation of data using these
common units. In particular, comparisons of aggregate total energy use and of
the shares of different fuels in aggregate total energy consumption may be
misleading. Table B-1 presents estimates of the efficiencies with which
different fuels are used, by sector. We may use these efficiency coefficients
to estimate "useful" energy consumption by sector. For example, column 1 in
table B-2 presents a breakdown of 1975 total snergy use in the Indian transport
sector by fuels as presented in International Energy Agency data. In contrast
to the transport sector in most developing countries, coal appears to play an
extremely important role, contributing more than half of total energy use in
transport. Column 3 presents estimates of the efficiency of energy use by fuel
in transport, calculated for industrial countries. Assuming roughly similar
efficiencies are achieved in India, the share of coal in useful energy
consumption in transport appears much lower than its share in total energy
consumption in transport--less than one-fifth, instead of one-half. The role
of coal is thus dramatically overstated by comparisons of the total energy

content of different fuels used in transport.
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Table B-1. Efficiencles of Different Fuels, by Sector

Sector
Industry, except
TFuel Domestic Transport energy
Solid 0.20 0.044 0.70
Liquid 0.60 0.22 0.80
Gas 0.70 0.22 0.85
Electric 0.95 0.40 0.99

Source: William D. Nordhaus, "The Demand for Energy: an International
Perspective," in William D. Nordhaus, ed., Proceedings of the Workshop on
Energy Demand, May 22-23, 1975 (Laxenburg, Austria, International Institute
for Applied Systems Analysis, 1976) p. 527.




Table B-2.

Comparisons of Total and Useful Energy Consumpt:ion by Energy
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Source, Indian Transport Sector, 1975

(1) (2) (3) (4) (5)
Useful ener-
gy consump-
Final energy tion in
consumption transport Share 1in
in transport, Share in (thousands useful
(thousands of total energy of tons of energy con-
tons of oil consumption Efficiency oil equiva- sumption in
equivalent) in transport of use lent transport
Coal 9218 52.1 .044 406 17.7
Petroleum
products 8301 46.9 .22 1826 79.5
Electricity 162 0.9 .40 65 2.8

Sources:
and Energy Balances of Developing Countries, 1967-1977.

Energy Data:

International Energy Agency, Basic Energy Statistics

Proceedings of Workshop

on Energy Data of Developing Countries, December 1978, vol. II (Paris, OECD, 1979)
p. 202; Efficiency Data:

William D. Nordhaus, "The Demand for Energy:
International Perspective,” in William D. Nordhaus, ed., Proceedings of the

An

Workshop on Energy Demand, May 22-23, 1975 (Laxenburg, Austria, International

Institute for Applied Systems Analysis, 1976) p. 527



Table C-1. Per Capita Energy Resources of Developing Countries?

Appendix C

PER CAPITA ENERGY RESOURCES OF DEVELOPING COUNTRIES

0il Coal Gas Hydroelectric Fuelwood

(tece) (tce) (tce) power? (tce) status®
Afghanistan - - - 0.22 A
Algeria 100.7 - 284.9 0.15 B
Argentina 19.1 11.0 22.4 0.98 B
Bangladesh 0.1 6.1 4.2 0.01 A
Benin - - - 0.29 A
Bolivia 5.9 - 2.8 1.82 B
Brazil 2.1 67.8 0.8 0.40 B
Burma 0.2 - 0.1 1.25 A
Burundi —_— - —_ — A
Cameroon 3.6 - 5.3 1.52 A
Central African Republic — —_ —_ 3.12 A
Chad — - - 0.43 A
Chile 7.9 15.1 17.3 0.79 B
Colombia 5.8 17.3 7.7 1.05 B
Congo 56.0 —— 60.5 3.23 A
Costa Rica —_ - —_ 1.10 B
Dominican Republic —_ -— - -— B
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Table C-1 (continued)

0il

Coal Gas Hydroelectric Fuolwood
(tce) (tce) (tce) power~ (tce) status®
Ecuador 22,6 — 7.0 1.44 A
Egypt 16.3 - 5.0 0.05 A
El Salvador - - - 0.11 A
Ethiopa - - - 0.16 A
Ghana 0.1 - 0.2 0.08 A
Guatemala 0.5 - - 0.10 B
Guinea - - -- 0.67 A
Haiti - - - - A
Honduras - - - 0.76 A
India 0.5 52.3 0.5 0.96 A
Indonesia 14.8 10.5 6.0 0.12 A
Ivory Coast - - - 0.05 B
Jamaica — _— - - B
Jordan —_— - - - B
Kenya — - — 0.49 A
Korea - 10.5 - - B
Laos — -— - - A
Lebanon - - - ~ B
Lesotho - - - 0.20 A
Liberia - - - 1.89 A
Madagascar — - - 4.13 A
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Table C-1 (continued)

0il Coal Gas Hydroelectric Fuelwood

(tce) (tce) (tce) powerP (tce) statusC
Mali —_ - - 0.30 A
Malawi - - - 0.01 A
Malaysia 44,2 - 66.3 0.05 B
Mauritania - —_ —_— 0.71 A
Mexico 100.3 13.4 44 .1 0.17 B
Morocco - -— - 0.03 A
Nepal -— - —_ 3.15 A
Nicaragua —_— -— - 0.77 B
Niger -— - - 1.03 A
Nigeria 45.3 1.1 18.2 0.01 A
Pakistan 0.5 -— 7.3 0.14 A
Paname — - - 0.71 B
Papua New Guinea -_ -— —_ 3.28 B
Paraguay J— - —_ 1.11 B
Peru 8.2 6.3 4.0 0.40 B
Philippines 0.1 —_— - 0.09 A
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Table C-1 (continued)

0il

Coal Gas Hydroelectric Fuelwood
(tce) (tce) (tce) power (tce) status
Zortugal —_ - —-— 0.34 B
Rwanda — - —_— —-— A
Senegal — — _— 0.44 A
Sierra Leone — - -_— 0.49 A
Somalia - - - 0.03 A
Sri Lanka —_— —_— -— 0.04 A
Sudan -_— -_ - 0.49 A
Syria 51.9 - 6.5 0.07 B
Tanzania —_— - - 0.66 A
Thajland — — 6.4 0.08 A
Togo —_— —_— — 0.11 A
Trinidad/Tobago 133.6 -— 284.1 -_— B
Tunisia 18.0 - 9.4 0.00 B
Turkey 0.6 18.4 - 0.19 B
Uganda - -— -— 0.52 A
Upper Volta —_ —_ - 1.15 A
Uruguay —_— - - 0.46 B
Yemen Arab Republic —_— -— -— — A
Yuzoslavia 2.6 384.8 2.9 0.41 B
Zaire 1.1 -— 2.5 2.64 A
Zambia —_ 0.9 —_ 0.39 A
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Table C-1 (continued)

Sources: Reserves: World Bank, Energy in the Developing Countries (Washington, D.C., World Bank, August
1980) pp. 5, 80-86; Population: World Bank, World Development Report 1980 (Wasaington, D.C., World Bank,
August 1980) pp. 110-11.

3No proven reserves or information not available.

bAnnual energy potential per capita under conditions of average flow from installed and installable capacity,

utilized twelve hours per day, expressed in tons of coal equivalent. Conversion assumes tce per year = 536.1 x
potential capacity in megawatts. (Based on assumption of 1 mwh = .122 tce).

A indicates that the country has an actual or potential fuelwood problem. Countries "were placed in this
category if estimated annual consumption of fuelwood could not be sustained thrcugh the year 2000, without
damage to the ecology, at a level of .73 m3 per capita where income per head (in 1978) was below $300, falling
linearly to .50 m3 at $600 and zero at $900. Many countries not included in this group have or wil) have
fuelwood problems in local areas." (World Bank, Energv in the Developing Countries (Washington, D.C., World
Bank, August 1980), p. 5. B indicates that the country 1is not in this group.

86



D=1

D-2

D-3

D-4

D-5

D=7

D-8

D-9

D-10

D-13

D-14

D-15

99

RFF DISCUSSION PAPERS

VOTE TRADING: AN ATTEMPT AT CLARIFICATION, by Clifford S. Russell,
December 1976.

WATER POLLUTION DISCHARGES: A COMPARISON OF RECENT NATIONAL ESTIMATES,
by L. P. Gianessi and H. M. Peskin, February 1977.

MANAGEMENT OF ENVIRONMENTAL HEALTH IMPACTS OF DEVELOPMENT PROJECTS, by
Blair T. Bowver and Patricia L. Rosenfield, December 1978.

ENVIRONMENTAL MANAGEMENT AS A REGULATORY PROCESS, by A. Myrick Freeman,
III., January 1977.

THE DISTRIBUTIONAL EFFECTS OF THE UNIFORM AIR POLLUTION POLICY IN THE
UNITED STATES, by L. P. Gianessi, H. M. Peskin and E. Wolff, March
1977.

ECONOMIC ENERGY AND ENVIRONMENTAL CONSEQUENCES OF ALTERNATIVE ENERGY
REGIMES: AN APPLICATION OF THE RFF/SEAS MODELING SYSTEM, by R.
Ridker, W. Watson, and A. Shapanka, April 1977.

AN ECONOMETRIC MODEL OF THE PETROLEUM INDUSTRY, by Patricia Rice and V.
Kerry Smith, April 1977.

MODELS OF THE PRODUCTION TECHNOLOGY FOR ELECTRICITY SUPPLY: A SURVEY,
by Thomas G. Cowing and V. Kerry Smith, April 1977.

THE CHARACTERISTICS OF EFFLUENT CHARGE SYSTEMS, by Clifford S. Russell,
May 1977.

CONTROL COSTS AND DAMAGES OF ALTERNATIVE NATIONAL POLLUTION CONTROL
POLICIES, by William [. Watson, Jr., May 1977.

MEASURING NATURAL RESOURCE SCARCITY: THEORY AND PRACTICE, by V. Kerry
Smith, May 1977.

SUMMARY, CONCLUSIONS, AND POLICY IMPLICATIONS OF THE MONTANA COAL
STUDY, by John V. Krutilla and Anthony C. Fisher with Richard E.

Rice, August 1977.

THE AMES-ROSENBERG HYPOTHESTS AND THE ROLE OF NATURAL RESOURCES IN THE
PRODUCTION TECHNOLOGY, by V. Kerry Smith, August 1977.

THE ROLE OF AIR AND WATER RESIDUALS IN STEAM ELECTRIC POWER GENERATION,
by Tran Thi Ngoc Bich and V. Kerry Smith, August 1977.

THE IMPLICATIONS OF ENVIRONMENTAL REGULATION FOR OPTIMAL MAINTENANCE,
SCRAPPAGE AND INVESTMENT, by Raymond J. Kopp and V. Kerry Smith,
August 1977.



D-16

D-17

D-18

D-21

D-22

D-23

D-24

D-25

D-26

D-27

D-28

D-29

D-30

D-31

D-32

100

REGULATING ENERGY: INDICATIVE PLANNING OR CREEPING NATIONALIZATION?,

by V. Kerry Smith, September 1977.

RESOURCE AND ENVIRONMENTAL CONSTRAINTS TO GROWTH, by V. Kerry Smith and
John V. Krutilla, November 1977.

COSTS AND BENEFITS OF WATER POLLUTION CONTROL: THE HIGH COST OF
INEFFICIENT POLICY, by William D. Watson, Jr., November 1977.

SOME EXTENSIONS OF A SIMPLE VALUE OF LIFE SAVING MODEL, by A. Myrick
Freeman, III, October 1977.

FRONTIER PRODUCTION FUNCTION ESTIMATES AND THE TECHNOLOGY OF STEAM
ELECTRIC GENERATING PLANTS: AN ECONOMETRIC ANALYSIS, by Raymond J.
Kopp and V. Kerry Smith, January 1978.

UNCERTAINTY AND ALLOCATION DECISIONS INVOLVING UNIQUE ENVIRONMENTAL
RESOURCES, by V. Kerry Smith, January 1978.

BACKGROUND PAPERS FROM WORKSHOP ON ALTERNATIVES FOR NONINDUSTRIAL

PRIVATE FORESTS, by Marion Clawson, Robert S. Manthy, Philip M.
Raup, and William R. Sizemore, January 1978,

CITIZEN LEGISLATURES: THE BARRIERS TO TURNING GOOD INTENTIONS INTO
GOOD POLICY, by Helen Ingram and Nancy Laney, February 1978.

THE NUCLEAR DEBATE, by Robert C. Mitchell, February 1978.

CONTINUED CARE OF URANIUM MILL SITES: SOME ECONOMIC CONSIDERATIONS, by
Winston Harrington, January 1678,

ECONOMIC AND ENVIRONMENTAL CONSEQUENCES OF A NUCLEAR POWER PLANT
PHASEOUT, by William D. Watson, Jr., February 1978.

TOWARD A DEFINITION OF THE SPATIAL LIMITS OF TRAVEL COST RECREATIONAL
DEMAND MODELS, by V. Kerry Smith and Raymond Kopp, April 1978.

PRICING OF OUTDOOR RECREATION, by Elizabeth A. Wilman, May 1978.

DISCRIMINATING BETWEEN ALTERNATIVE PROCESS ANALYSIS MODELS FOR
ENVIRONMENTAL QUALITY MANAGEMENT: AN ECONOMETRIC ANALYSIS, by V.
Kerry Smith and William J. Vaughan, May 1978.

THE EFFECTIVENESS OF THE NAVAJO SULFUR CHARGE IN CURBING SO EMISSIONS
AT THE FOUR CORNERS POWER PLANT, by Winston Harrington, ﬁay 197%.

LONG-RANGE TECHNOLOGICAL FORECASTS FOR USE IN STUDYING THE RESOURCE AND
ENVIRONMENTAL CONSEQUENCES OF U.S. POPULATION AND ECONOMIC GROWTH:
1975-2025, by Adele Shapanka, May 1978.

THE UNITED STATES ENVIRONMENTAL MOVEMENT AND ITS POLITICAL CONTEXT: AN
OVERVIEW, by Robert C. Mitchell and J. Clarence Davies, III, May

1978.



D-33

D-34

D-35

D-36

D-37

D-38

D-39

D-40

D-U41

D-42

D-43

D-4y

D-45

D-46

D-47

D-48

101

THE COSTS OF FEDERAL WATER POLLUTION CONTROL POLICY AND THEIR

DISTRIBUTION, by L. P. Gianessi and H. M. Peskin, June 1978.

EVALUATING PERCEIVED TECHNICAL INEFFICIENCY WITH STQOCHASTIC COST
FRONTIERS: AN APPLICATION OF PSEUDO-DATA, by Raymond J. Kopp, V.
Kerry Smith and William J. Vaughan, May 1978.

NATIONAL ENVIRONMENTAL LOBBIES AND THE LOGIC OF COLLECTIVE ACTION:
TOWARD A THEORETICAL PARADIGM OF WHY PEOPLE CONTRIBUTE TO THE
PRODUCTION OF COLLECTIVE GOODS, by Robert C. Mitchell, July 1978,

ENVIRONMENTAL PUBLIC OPINION: TREMDS AND TRADEOFFS 1969-1978, by
Kathryn Utrup, July 1978.

HEDONIC PRICES, PROPERTY VALUES, AND MEASURING ENVIRONMENTAL BENEFITS:
A SURVEY OF THE ISSUES, by A. Myrick Freeman, III, July 1978.

THE REVIVAL OF ENGINEERING APPROACHES TO PRODUCTION ANALYSIS:
ESTIMATION WITH PSEUDO-DATA, by V. Kerry Smith and William J.
Vaughan, July 1978.

ECONOMIC CONSIDERATIONS IN CONTROLLING MERCURY POLLUTION, by William D.
Watson, Jr., July 1978,

HOUSEHOLD CLEANING COSTS AND AIR POLLUTION, by William D. Watson, Jr.
and John Jaksch, August 1978,

THE MEASUREMENT OF TECHNICAL EFFICIENCY INDEXES: AN APPLICATION TO
TEAM-ELECTRIC GENERATION, by Raymond J. Kopp, September 1978,

MANAGLMENT OF ARID LANDS: AN AGENDA FOR RESEARCH, by Helen Ingram,
Rosemary Nichols, Anne Gault, and Patricia L. Rosenfield, October
1978.

CAPITAL-ENERGY COMPLEMENTARITY: FURTHER EVIDENCE, by Raymond J. Kopp
and V. Kerry Smith, October 1978.

THE COLLECTION OF POLLUTION CONTROL EXPENDITURE DATA, by Henry M.
Peskin, December 1978,

THE PERCEIVED ROLE OF MATERIALS IN NEOCLASSICAL MODELS OF THE
PRODUCTION TECHNOLOGY, by Raymond J. Kopp and V. Kerry Smith,
January 1979.

THE IMPLICATIONS OF MODEL COMPLEXITY FOR ENVIRONMENTAL MANAGEMENT, by
V. Kerry Smith and William J. Vaughan, February 1979.

ON THE MEASUREMENT OF PRODUCTIVE EFFICIENCY: CONCEPTS AND SUGGESTIONS,
by Raymord J. Kopp, March 1979.

APPLICATIONS OF PUBLIC CHOICE THEORY: AN INTRODUCTION, by Clifford S.
Russell, April 1979.



D-l9

D-50

D-51

D-52

D-53

D-54

D-55

D-56

D-57

D-58

D-59

D-60

D-61

D-62

D-63

D-64

102

PRODUCTIVITY MEASUREMENT AND ENVIRONMENTAL REGULATION: AN
ENGINEERING-ECONOMETRIC ANALYSIS, by Raymond J. Kopp and V. Kerry

Smith, April 1979.

SINGLE ISSUES: THEIR IMPACT ON POLITICS, by R. Kenneth Godwin and
Helen Ingram, May 1979.

MULTIPLE USE FORESTRY AND THE ECONOMICS OF THE MULTIPRODUCT ENTERPRTSE,
by Michael D. Bowes and John V. Krutilla, May 1979.

ANALYSIS OF FUNDAMENTAL POLICY DIRECTIONS: NATIONAL FOREST MANAGEMENT
AS AN ILLUSTRATIVE CASE, by John A. Haigh and John V. Krutilla, May
1979.

ENVIRONMENTAL IMPAC{S AND ECONOMIC EVALUATION RESEARCH NEEDS FOR
COASTAL AND MARINE RESOURCE MANAGEMENT, by Eiizabeth A. Wilman and
John V. Krutilla, June 1979.

THE EMPIRICAL RELEVANCE OF HOTELLING'S MODEL FOR EXHAUSTIBLE NATURAL
RESOURCES, by V. Kerry Smith, October 1979.

ENDANGERED SPECIES PROTECTION AND WATER RESOURCE DEVELOPMENT, by
Winston Harrington, November 1979.

SINCE SILENT SPRING: THE INSTITUTIONALIZATION OF COUNTER-EXPERTISE BY
THE U.S. ENVIRONMENTAL LAW GROUPS, by Robert C. Mitchell, July 1979.

ENERGY, RESIDUALS AND INEFFICIENCY: AN ENGINEERING-ECONOMETRIC
ANALYSIS OF ABATEMENT COSTS, by Raymond J. Kopp, August 1979.

THE PUBLIC RESPONSE TO THREE MILE ISLAND: A COMPILATION OF PUBLIC
OPINION DATA ABOUT NUCLEAR ENERGY, by Robert C. Mitchell, September

1979.

LABOR AND THE ANTI-NUCLEAR MOVEMENT IN THE U.S., by Rebecca Logan and
Dorothy Nelkin, October 1979.

PUBLIC OPINION ABOUT NUCLEAR POWER AND THE ACCIDENT AT THREE MILE
ISLAND, by Robert C. Mitchell, August 1979.

THE POLLS AND NUCLFAR POWER: A CRITIQUE OF THE POST-THREE MILE ISLAND
POLLS, by Robert C. Mitchell, November 1979.

MEASURING THE PROSPECTS FOR RESOURCE SUBSTITUTION UNDER INPUT AND
TECHNOLOGY AGGREGATIONS, by Raymond J. Kopp, December 1979.

HOW "SOFT", "DEEP" OR “LEFT?" PRESENT CONSTITUENCIES IN THE

ENVIRONMENTAL MOVEMENT FOR CERTAIN WORLD VIEWS, by Robert C.
Mitchell, February 1980.

SUBSIDIES FOR DOMESTIC OIL SUBSTITUTES AND TAXES ON OIL IMPORTS: THE
ngNTY TO THIRTY DOLLAR MISUNDERSTANDING, by Mark Sharefkin, May
1980.



D-65

D-66

D-67

D-68

D-69

D-70

D-T1

D-72

103

ENVIRONMENTAL POLICY AND CONTROLLED TRADING OF POLLUTION PERMITS, by
Clifford S. Russell, July 1980.

MODELING NON-NEUTRAI. TEC!NOLOGICAL CHANGE: AN EXPERIMENTAL ANALYSIS,
by Raymond J. Kopp and V. Kerry Smith, September 1980.

CENTRAL ARIZONA PROJECT CASE STUDY, by Helen Ingram, William E. Martin,
and Nancy K. Laney, September 1980,

ESTIMATING THE CHANGING PROBABILITY OF PARTICIPATION IN RECREATIONAL
FISHING DUE TO CHANGING WATER QUALITY, by William J. Vaughan and
Clifford S. Russell, October 1980.

REGULATORY RULEMAKING IN THEORY AND PRACTICE: THE CASE OF EPA'S
EFFLUENT GUIDELINES, by Wesley A. Magat, Alan J. Krupnick, and
Winston Harrington, October 1980.

THE PERFORMANCE OF NEOCLASSIC-ECONOMETRIC MODELS OF NATURAL RESOURCE
SUBSTITUTION IN THE PRESENCE OF ENVIRONMENTAL CONSTRAINTS, by
Raymond J. Kopp and V. Kerry Smith, October :980.

TWO PAPERS ON NATIONAL ACCOUNTING AND THE ENVIRONMENT, by Henry M.
Peskin, October 1980.

MEASURING THE BENEFITS OF CLEAN AIR, by Allen V. Kneese, March 1981,

D-73A

D-73B

D-73C

ENERGY IN DEVELOPING COUNTRIES SERIES

INDUSTRIAL ENERGY DEMAND AND CONSERVATION IN DEVELOPING COUNTRIES, by
John E. Jankowski, Jr., July 1981.

INTER-FUEL SUBSTITUTION IN THE INDIAN ECONOMY, by Ashok V. Desai, July
1981.

FACTORS AFFECTING THE COMPOSITION OF ENERGY USE IN DEVELOPING

COUNTRIES, by Joy Dunkerley and Gunnar Knapp, with Sandra Glatt,
December 1981.

D-76

D-77

ECONOMETRIC MCDELING OF PRODUCTION ACTIVITY: THE CASE OF NONFUEL
MINERAL DEMAND, by Raymond J. Kopp, June 1981.

THE DECOMPOSITIGN OF FRONTIER COST FUNCTION DEVIATIONS INTO MEASURES OF
TECHNICAL AND ALLOCATIVE EFFICIENCY, by Raymond J. Kopp and W. Erwin

Diewert, June 1981.

ESTIMATING ENVIRONMENTAL COMPLIANCE COSTS FOR INDUSTRY: ENGINEERING

AND ECONOMIC APPROACHES, by Raymond J. Kopp and Paul R. Portney,
July 1981,

VALUING A FISHING DAY, by William J. Vaughan and Clifford S. Russell,
July 1981.



104

D-78 MEASURING AND PREDICTING~NATER QUALITY IN RECREATION RELATED TERMS, by
William J. Vaughan, Cllrfqrd S. Russell, L. A. Nielsen, and Leonard
P. Gianessi, July 1981.

D-79 THE NATIONAL RECREATIONAL FISHING BENEFITS OF WATER POLLUTION CONTROL,
by Clifford S. Russell and William-J. Vaughan, July 1981.

D-80 THE DISTRIBUTION OF RECREATIONAL BENEFITS FROM IMPROVED WATER QUALITY:
A MICRO SIMULATION, by Winston Harrington, November 1981.

D-81  APPLICATIONS OF THE RFF ENVIRONMENTAL DATA INVENTORY, by Leonard P.
Gianessi and Henry M. Peskin, December 1981.

ENERGY AND NATIONAL SECURITY SERIES

D-82A SOCIAL COST OF IMPORTED OIL AND U.S. IMPORT POLICY, by Douglas R. Bohi
and W. David Montgomery, December 1981.

D-82B TARIFFS AND THE ECONOMIC COSTS OF AN OIL DISRUPTION, by Douglas R. Bohi
and W. David Montgomery, December 1981.

D-82C REVIEW AND ANALYSIS OF OIL IMPORT PREMIUM ESTIMATES, by Harry G.
Broadman, December 1981.

D-83  MATERIALS REQUIREMENTS AND ECONOMIC GROWTH: A COMPARISON OF
CONSUMPTION PATTERNS IN INDUSTRIALIZEDL COUNTRIES, by S. Victor
Radcliffe, Leonard L. Fischman, and Radford Schantz, Jr., December
1981.

D-84  ISSUES IN URANIUM AVAILABILITY, by John J. Schanz, Jr., Samuel S.

Adams, Richard L. Gordon, and Hans H. Landsberg, January 1982.



