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The frame of reference for this paper is the recently published United
Nations study on "The Future of the World Economy"/!/» prepared under the
direction of Professor Wassily Leontief. The study is based on a global
input-output model constructed so as to simulate various possible scenarios
or hypothetical pictures of the world economy as it may evolve until the
end of the century. Since the Declaration on a New International Economic
Order adopted by the United Nations calls for the correction of inequalities
in per capita income between developed and developing countries, the study
has focused on ways in which the new order might be achieved provided that
certain conditions are met.

It must be stressed at the outset that the word "prospects" in this
present context does not imply projection or forecast as generally understood,
since these have proved to be of highly debatable value in the fast-changing
conditions of recent years.

* The author would like to acknowledge the valuable co-operation of
Messrs. John J. C. Bradbury, C. Constantinou and Pavel Krai of CNRET in the
preparation of this paper.
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The present paper has taken, as a basis for a broad-brush speculative
discussion, scenario X, which is central to the argument presented in the
study. That scenario postulates a reduction from 12:1 to 7:1 in the
disparity in per capita income between developed and developing countries
over the period 1970 to the year 2000. To achieve this reduction, the
scenario presumes that the Gross Domestic Product of the developing countries
would have to grow by 6.9 per cent annually over that period.

What would such a growth rate imply in terms of demand for energy? More
important, considering the subject before the Conference, what would such a
growth rate imply in relation to overall demand for electricity? What would
this imply in terms of investment required to achieve such growth?

Before taking up these questions, it may be useful to recall that, while
it may be generally acknowledged that those countries with the greater consump-
tion of energy tend to have the higher standard of living, the difficulty of
determining the precise relationship between the level of economic development
and energy consumption must be equally acknowledged.

Among matters that cloud cogent discussion of the subject are deficient
statistical data. The United Nations energy statistics, for example, exclude
non-commercial sources^!/ yet, in many developing countries, these often meet
the needs of a large part of the population. For example, it has been reported
that, in India, fuel wood and agricultural waste supply 50 per cent more energy
than all commercial sources put together. In Brazil, about one-fifth of all
energy comes from timber, charcoal and bagasse./?/ Further, national accounting
practices often leave much to be desired, and even the concept of Gross National
Product itself is of questionable value.

It must also be recognized that, while many energy-related problems may
be common to the developing countries, generalizations can be misleading, if
not dangerous. Levels of economic development, size of market, structure of
the economy and resource endowment, for example, vary from country to country.

In this connection, it may be noted that the special situation of the
petroleum-exporting countries is hardly comparable to that of the countries
which are petroleum importers, yet both may be classified as developing
countries. The petroleum-importing developing countries, with a population
of some one and a half billion, at present consume less than 10 per cent of
the world's commercial energy. Further, the national per capita levels of
consumption in petroleum-importing developing countries range all the way from
13 kilograms of coal equivalent in Rwanda and 31 kilograms in Bangladesh to
1,900 in Argentina and almost 6,000 in ' ie Bahamas.

Recognizing these limitations and the danger of generalization, it is
still possible to perceive, however dimly, some broad historical trends and
their implications.

Using the data and concepts at our disposal, these show that, during the
period 1950 to 197^» energy consumption in most developing countries increased
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faster than total economic output. And5 while the co-efficient of income
elasticity of energy for most developing countries was about 1-5 during the
period, it hovered around 1.0 for the developed countries. In part, this
may be explained by the process of substitution of commercial for non-
commercial energy. There have been, however, wide variations from country
to country and from year to year. Further, the higher energy prices and
adverse cyclical movement of recent years should also be taken into account.

Given the main interest of the Conference, the following speculative
discussion begins by examining the increase needed in electric power capacity
to achieve desired growth in Gross Domestic Product for the developing
countries. Under this subject, the paper also touches upon the possible role
of nuclear power in relation to other sources of energy.

Energy consumption is then discussed in a section which presents a
synopsis of past trends in the consumption of primary energy resources, to-
gether with a scrutiny of possible future trends, using as a frame of
reference the scenario X.

A discussion of energy resources and production then follows. This
focuses on the developmental potential of oil, gas, coal and hydroelectric
power.

Finally., the paper concentrates on the most crucial question of all:
the levels of investment in energy that will be required if desired growth
rates are to be achieved in the developing countries.

Electric Power

In 1970, the developing countries (excluding China, Mongolia, North .
Korea and Vietnam)^/ had a total installed generating capacity of 97J3O6 MW.ÍÍ'

The income elasticity of electricity demand in these countries has been
about 1.5. This may be lower in the future as a result of: a general shift
towards less energy-intensive development; the effect of higher primary energy
prices; and the institution of energy conservation measures. Assuming that
as a result of all these, the average elasticity would be 1.3, electricity-
generating capacity in developing countries might then be expected to increase
by 9 per cent annually up to the year 2000. These countries would then need
to install some 257,000 MW of new generating capacity by 1985, and 1,19^,000 MW
by the year 2000.

While these new plant requirements are substantial, it should be borne in
mind that these assumed growth rates are no higher than those experienced
during the 1960s when the electric power sector was expanding at a similar
rate in these same countries.

3_/ For this analysis developing countries are defined as in the United
*~ Nations annual publication on World Energy Supplies and they comprise

the developing market economies of Africa, the Americas and Asia.

U/ As of 1971* installed generating capacity in these countries was 134,522 MW.



An analysis carried out recently by the World Bank-* -* of the cost of
power plant to developing countries indicates an overall cost of $600 per
kilowatt at 19Jk prices. Of this, it has been estimated that the generating
plant itself amounts to $360 per kilowatt, while the cost of transmission and
distribution equipment would account for the remaining $2U0. If these unit
costs, which may well be understated, are applied to the above data concerning
new generating capacity required by 1985 and 2000, then the necessary capital
requirements for these years would be $15*+ billion and $Jl6 billion respectively.

In the 29 least developed countries,— electricity supply systems tend to
be small, and in consequence, economies of scale associated with large-size
equipment are not normally applicable. Under these circumstances it is to be
expected that the unit capital cost for power plant would be high. Assuming
that this cost will be $700/KW, the corresponding capital requirements for
these countries will then be in the order of $5.6 billion up to 1985 and
$13.1 billion V.tween that year and the year 2000.

Among options to be considered, nuclear power stations are particularly
susceptible to economies of scale and cannot} in general, compete economically
in small units since their costs rise sharply as their size decreases. As a
result, nuclear plants are usually designed for sizes in excess of 500 MW.
But in certain situations where alternative forms of generation are too
expensive, nuclear installations as small as 300 MW might be considered. In
view of the security required for an interconnected electricity supply, it
is not prudent to install a nuclear plant exceeding 10 per cent of the total
system capacity. It follows, therefore, that a nuclear installation of 500 MW
or 300 MW would require the existence of interconnected systems of at least
5000 MW or 3000 MW in size.

Using the annual percentage growth in electricity demand quoted above,
some 20 developing nations would have a total installed generating capacity ir
excess of 5000 MW by 1905» and about twice that number would achieve this
level by the year 2000. It should be borne in mind, however, that these
countries will not necessarily have all their capacity in one interconnected
system. While the figures are indicative of the extent to which the nuclear
option may be feasible in the developing world, still it should be realized
that not all developing countries are prospective candidates for nuclear
power systems since certain among them possess alternative sources of energy
in the form of hydroelectric potential or fossil fuels.

With regard to probable future conditions in the 29 least developed
countries, it is unlikely that any of them will have even a 3000 MW installed
generating capacity by 1985} and only one may be a candidate for nuclear power
plant by the year 2000. These figures show that in fact nuclear power will
have no practical application in thea most economically disadvantaged countries.

For a list of these countries see: United Nations, "Developing Countries
and Levels of Development" ( E / A C 5 ^ / I " 8 I ) > submitted to Committee for
Development Planning at its twelfth session, 29 March - 9 April 1976.



Moreover, it is probable that the role to be played by nuclear power in
developing countries may be more modest than has been expected in the past
due to the number of important questions now being raised regarding such
matters as basic cost, safety and waste disposal.

The use of coal could be an alternative means of producing electricity
for those countries where it is located close enough to demand centres to
make it economically viable. As mentioned elsewhere in this paper, however,
coal reserves are very unevenly distributed throughout the developing world.

Another major alternative to oil-fired power-generation is hydroelectric
power, since most of the hydro potential in developing countries is as yet
untapped. Significant hydroelectric potential could be harnessed in developing
countries in areas with scattered electricity demand by the construction of
mini-hydroelectrical plants. These include the run-of-the-river type as well
as those with a small reservoir. They could bo constructed at low cost and
equipped with either small imported standardized bulb turbines manufactured
in large series, or simple machinery built by local manpower. Some hydro power
sites could only be developed, however, with large capacities greatly in excess
of the expected local level of electricity demand. An extreme example of this
situation can be found in Inga near the mouth of the river Zaire in Zaire.
This site is estimated to have a potential generating capacity of 30,000 MW,
which is equal to the combined installed capacity of Finland, the Netherlands
ar.i Austria in 191**, and bears no relationship to the level of local electricity
demand which can be envisaged in the foreseeable future.

Under certain economic and geographic conditions, such large hydro power
projects could be developed by taking a regional approach. This would require
a wider integration of electricity systems by the construction of interconnected
grids. By aggregating national electricity demands, this approach may permit
the development of important multi-national hydro potential which could not be
absorbed by one country alone. However, it must be recognized that such a
joint utilization of resources implies that countries might be dependent upon
considerable imports of energy from their neighbours; in consequence, a pre-
requisite for such an approach would be a high level of political stability and
co-operation among the countries involved.

In a substantial number of cases, it is unlikely that developing countries
will be in a position to exploit significantly the hydro, coal or nuclear
alternatives to meet their electricity requirements in the short or intermediate
term. In the case of hydro and nuclear power, the construction lead times are
long, and in consequence, it is likely that oil will continue to predominate as
an energy source over the next 20 years.

Further, the problems of electricity supply in many developing countries
are compounded by the existence of dual economies. While one is mainly concen-
trated in and around the cities, the other is related to conditions in rural
areas which may be little above subsistence level. The low density of demand
for electricity in rural areas, in combination with the scattered nature
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of communities, makes the provision of interconnected electricity supplies
expensive. As a result, there is considerable disparity in the availability
of power between urban and rural areas and this has, in part, intensified
the migration of population from the countryside to the cities. While the
electricity supply to the modern sector of the economy is expected to follow
the standard patterns, the supply to rural areas might require a radically
different approach. This could take the form of energy packages based on
locally available energy resources such as biomass, small hydro, solar and
wind. This approach could provide joint supplies of mechanical energy, heat
. and electricity.

Energy Consumption

During the period 195O-1971*, developing countries (as defined above)
increased their total consumption of commercial energy from 1^0 million metric
tons of coal equivalent to over 750 million tons. This more than five-fold
increase corresponds to a "J .2 per cent average annual rate of growth, substan-
tially higher than the ^ 9 rate of growth registered by the world as a whole.
As a result, the developing countries' share of world consumption of eoiamercial
energy increased from $.6 per cent in 1950 to 9«5 per cent in 197'+.

This annual growth rate over the past 25 years is not as impressive as it
may appear when one considers the low level of consumption at the beginning of
the period.

With their populations growing by 2.k per cent annually, the developing
countries managed to increase their per capita consumption of commercial energy
by k.8 per cent per annum. Still, in absolute terms, per capita energy consump-
tion in these countries in 197^ remained low -- only 39^ kilograms of coal
equivalent, which may be compared with the world average of 2,055 kilograms and
with 6,3h6 kilograms in developed market economies.

Energy consumption in the developing world is dominated by petroleum in
both petroleum-exporting and petroleum-importing developing countries.

Although as a group the petroleum-deficit developing countries depend on
petroleum for 63 per cent of their energy requirements, "his is heavily weighted
by a few countries which consume relatively large quantities of indigenous coal
or natural gas. The remaining 90 or so countries are at. least 70 per cent
dependent on petroleum, most of which is imported. In fact, the majority of these
countries rely on imported petroleum for practically all their commercial energy
requirements.

Natural gas, which supplies about 6 per cent of the energy requirements of
these countries, is an important source of energy in only a few (Argentina,
Bangladesh, Pakistan, Chile, Afghanistan). :

Similarly, coal is an important source of energy it; only a handful of
countries. For example, in 197^s India derived over 70 per cent of its energy
from coal; Zimbabwe slightly less; South Korea one-half; Mozambique over ho per
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cent; Zambia a third; and Zaire and Malawi about 20 per cent each.

The contribution of hydro power to the energy supplies of the
petroleum-importing developing countries (U.U$) is relatively more
important than in the rest of the world (2.6%). Its significance,
however, varies from country to country. For example, it supplies
about one-fourth of all energy in Zaire, Ghana and United Republic
of Cameroon, and slightly less in Zambia and Rwanda. In absolute
terms, however, the two biggest consumers are Brazil and India, with
these two representing more than one-half of all hydro-electricity
consumed in the developing world.

If the developing countries are to achieve the growth rates which
have been assumed in the United Nations study on "The Future of the
World Economy", their energy consumption will have to increase at a
much faster rate than in either the developed market or
centrally planned countries as shown below in Table I.

TABLE I : GROWTH RATES OF CONSUMPTION OF FUELS

Petroleum

Natural Gas

Coal

All Fuels

Source: United

(1970-20OO)
Percentage

DEVELOPED MARKET CENTRALLY PLANNED
ECONOMIES ECONOMIES

U.I

3-0

5.0

»O

Nations, The Future

6.3

6.6

5.9

of the World Economy, 1976

DEVELOPING
COUNTRIES

9.7

11.-1

8.2

9-7

(Preliminary)

The accelerated rate of energy consumption in the developing countries
will, of course, increase their relative share in overall world consumption,
as indicated in Annex I. For the three fuels under review, the share of
the developing countries is expected to increase from about 8.6 in 1970 to
27.I per cent of world energy consumption by the year 2000.
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Obviously, the rate of economic growth will vary from country to
country and from region to region. In general, the rate of increase in
the consumption of fuels is expected to be somewhat higher than the
increase in GDP, as indicated by the following coefficients of income
elasticities for the developing countries as a whole, which are derived
from the Leontief scenario X.

All fuels 1.41

Petroleum 1.41

Natural Gas 1.6l

Coal 1.19

In view of the higher elasticities for petroleum and natural gas, the
developing countries would then increase their dependence on these fuels
from 81.5 per cent in 1970 to 87.8 per cent by the year 2000.

Under this assumption, by the year 2000 the developing countries would
reach a per capita consumption of 2,465 kilograms, which may be compared with
the present per capita consumption of 6,346 kilograms in the developed countries.

Having considered projected energy consumption, the following section goes
on to discuss questions relating to energy resources and production in the
developing economies.

Energy Resources and Production

The energy resource base of the United Nations study on "The Future of
the World Economy" is explicitly conservative and limited to consideration of
known reserves of petroleum, natural gas and coal at the beginning of the
study period (i.e. 1970). It thus makes no provision for new discoveries or
major new potential sources. New discoveries would of course modify the
geographical distribution of projected energy production patterns but such
changes would be greatly influenced by the lead times which are needed in the
development and commercialization of such resources.

The expected trends in petroleum, natural gas and coal production over
the years 1970 to 2000 are shown in Annex II. According to scenario X, the
production of fuels in developing countries is expected to increase from l,9O8
to 13,655 million tons of coal equivalent over that 30 year period. The
scenario also anticipates that coal production costs could decline from $J per
ton in 1970 to about $5 per ton by 1990. Crude petroleum costs, on the other
hand, are expected to treble from $17 to $53 per ton of coal equivalent over
the same period, while costs of natural gas are estimated to increase sixfold
to $31 per metric ton of coal equivalent.

It is obvious from these estimates that the developing world is expected
to retain and even improve its predominant leadership in the production of
petroleum while the developed countries, and the centrally planned economiesj
will continue to be the main producers of both natural gas and coal.
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This of course raises a fundamental question concerning the willingness
of some of the developing countries to expand the output of their resources
at a rate adequate enough to meet world demand.

By definition, the static resource assumption of the United Nations
study indicates an insignificant future production of all fuels in the great
majority of the developing countries where the currently known reserves are
negligible.

Nevertheless, available information shows quite clearly that petroleum
exploration has hardly touched the petroleum-importing developing countries
despite their promising potential. In the past, a variety of circumstances
lead to a neglect of systematic exploration. These included; the ample
supply of oil from the member countries of the Organization of Petroleum
Exporting Countries (OPEC) through the multinational oil corporations at
decreasing real prices; the limited supply of risk capital for exploration;
and the policies of multilateral financial institutions.

A study by y'-̂ *y y the United States Geological Survey'-̂ * has indicated seven
petroleum importing developing countries with a range of potential (geological)
resources of 10,000 to 100,000 million barrels each, 50 countries with a range
of 1,000 to 10,000 million barrels and l6 countries with a range of 100 to
1,000 million barrels. This potential would, of course, hava to be proven by
actual drilling.

Other studies have also estimated the potential of the developing
countries in petroleum and natural gas as shown in Table II below.

TABLE II : PETROLEUM AND NATURAL GAS POTENTIAL^' OF THE DEVELOPING COUNTRIES

(in Thousand Million Tons

REGION

Latin America

Africa

Middle East

Asia and South East Asia

All Developing Countries

POTENTIAL
RESOURCES
IN PLACE

kkk

1*25

450

205

1,502

of Oil Equivalent)

POTENTIAL
RECOVERABLE
RESOURCES

210

165

145

90

608

RECOVERY FACTOR
(Per Cent)

47.7
59.0

55.5

45.9

40.5

e: V.I. Visotsky, N.A. Kalinin, M.K. Kalinko, Yu Ja Juznetsov,
M.S. Modeleusky, R.B. Seiful-Mulyukov (Ministry of Geology, USSR),
Petroleum Potential of Sedimentary Basins in the Developing Countries,
paper presented at UNITAR-IIASA Conference on the Future Supply of
Nature Made Petroleum and Gas, Schloss-Laxenburg, 5-l6 July &

a/ Onshore, shelf and slope.
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While the risk element of petroleum exploration remains an inhibiting
factor, the economics of petroleum development, which fundamentally reflect
costs of production often much lower than current oil prices, should
indicate the attractiveness of developing indigenous oil resources.

Available estimates also .-indicate that the petroleum-importing developing
countries have a great untapped potential in hydro power resources. Fourteen
of these countries account for some ko per cent of the vorld total, or 200,000 MW.
The present utilization factor of these resources is only 4 per cent in
developing countries while in developed countries it has reached 50 per cent.
Among the developing countries, those with the largest potential hydro power
resources are: Argentina, Brazil and Peru in Latin America; Cameroon, Madagascar
and Zaire in Africa: Burma, India and Pakistan in Asia. Many other developing
countries, however, also have considerable resources.

As to coal, the recent increase in energy prices has also focused attention
on this potential energy source in developing countries. A study under prepara-
tion by the United Nations indicates considerable potential in about 40 develop-
ing countries. While this may be small in relation to the enormous coal
resources of the vorld, it may nevertheless be extremely important for national
energy needs in these countries as shovn in Table III.

TABLE III : COAL RESOURCES IT! DEVELOPING COUNTRIES

REGION

Africa

Asia

Latin America

Total

Source: Ministry of

(Million Tons)

MEASURED

5,010

51,870

k,96o

kl,8ko

COAL RESOURCES

INDICATED

11,71*0

83,tó0

58,260

135,460

Geology, t h e USSR, World Coal

INFERRED

ÜS75O

¥1,200

200,620

259,550

Resources ,

TOTAL

51,480

159,550

2'+5,84o

454,850

(Explanatory
Note to the World. Coal Resources Map), 1975-
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In addition to the conventional sources of primary energy - petroleum,
natural gas, coal and hydro power - the developing countries have considerable
potential in non-conventional.sources such as heavy oils, oil shales^/, tar
sands and geothermal energy./?./

An immense effort will be required to transform this potential into proven
recoverable reserves, so that actual requirements can be met. To accomplish
this, developing countries will require access to energy technologies; at the
same time, local skills and know-how will have to be developed and augmented.
In all of this, the great majority of the developing countries are expected
to continue to face critical foreign exchange problems in finding the means
to explore and develop indigenous resources. With this in mind, we now come
to the most crucial problem of all - the matter of future investment require-
ments .

Investment Requirements

It has been indicated that developing countries would require $7l6 billion
by the year 2000 for additional electricity capacity.

In the past, power investments in developing countries accounted for J-Q
per cent of gross fixed capital formation, ^y 19Õ5 the World Bank expects that
this ratio would increase to 10-12 per cent because of the expected shift from
oil-burning plants to new, highly capital-intensive alternatives such as hydro,
coal and nuclear plants as a result of higher oil prices. Despite the fact
that our estimate of electricity demand growth is 9 per cent per annum, rather
than the 7 per cent estimate of the World Bank, the share of fixed capital
formation for power investments is nqt likely to increase since the Leontief
scenario X assumes a very high growth for total investment.

In the past, about 50 per cent of power investment was required in foreign
exchange, and if such a situation were to persist until the year 2000, about
^358 billion would then be needed on this account. Foreign exchange require-
ments, however, may be Icrseried by increased production of electric power equip-
ment in at least some developing countries as v'eir manufacturing capacity
increases over the period.

Foreign capital flows have provided about 80 per cent of the foreign
exchange component of power investment and if similar trends are maintained
in the future, at .t $286 billion for the whole period would then be required from
outside sources. Official flows from governments and multilateral financial
institutions have, in the past, provided more than half (6cff>) of this CP ital
flow at lower interest rates and longer repayment periods than loans from private
sources./^/ Because of the manifold needs of the developing countries as well as
the policies of the donor countries and institutions, power investment has been
receiving a decreasing proportion of official development assistance in recent
years. Unless this trend is reversed, the developing countries may face almost
insurmountable difficulties.
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Traditionally, electric power constituted a large proportion (6o-8o$)
of national energy investment in developing countries. One explanation for
this is tiiat increasing quantities of oil were imported at decreasing real
prices (1950-I970) and, in consequence, there was generally little incentive
to invest in exploration and development of indigenous energy resources.
Higher oi3 prices havo now made it economically feasible, if not imperative,
to develop certain known reserves and havo also provided a strong incentive
for intensified exploration. It is therefore expected that the share of power
in total energy investment will decline to approximately 46 per cent.

It is expected that the world will continue to depend on the energy
exporting develop: ng countries for an increasing share of oil consumption and
these countries, too, may therefore be confronted by additional investment
requirements. At the same time the oil-importing developing countries will
have to expand investment in the production of existing primary energy reserves
and will face additional outlays for exploration and development.

In order to meet future petroleum, natural gas and coal requirements, it
is estimatad, on the basis of the study on the Future of the World Economy,
that at least $825 billion would be required during the period 1970 - 2000
for investment in production, transportation, refining, processing and
distribution as shown in Table IV.

TABLE IV : ENERGY INVESTMENT REQUIREMENTS IN DEVELOPING COUNTRIES

ENERGY
FORM

Petroleum and
Natural Gas

Coal

Electric Power

1970-2000

PRODUCTION TARGETS

IN Tiffi YEAR 2000

5478 million tons*

1121 million tons

1194 million kW

INVESTMENT

PER UNIT

$120/ton/year*

$150/ton/year

$600/kW

REQUIREMENTS

TOTAL

$6?T billion

$168 billion

4716 billion

Total $1,541 billion

* Oil equivalent.

A



In summary, it is estimated that the developing countries would have to
invest $825 billion for fossil fuels and $?l6 billion for electric power, or,
more than $1.5 trillion in all energy to meet expected consumption require-
ments. This would represent about Ik per cent of the total gross fixed
capital formation over the period 1970 to 2000.

Conclusions

The United Nations Study on the Future of the; World Economy concludes that
"World resources of fuels are generally sufficient to supply world requirements
through the remaining decades of this century and probably into the next as
well. However, the adequacy of the world endowment does not necessarily ensure
against regional shortages and high prices, nor does it guarantee smooth economic
transitions to dependence on shale oil, gasified coal or other 'new' energy
sources."

According to the assumptions in the study, mineral fuel production in all
developing countries (including the centrally planned economies of Asia) should
increase from 2,327 million metric tons of coal equivalent in 1970 to l6,02J
million metric tons by the year 2000. This would represent an almost sevenfold
increase in the production of mineral fuels (petroleum, natural gas and coal)
in the developing countries. Further, the consumption of these fuels would
increase from 982 to 11,5^1 million tons over the same period.

This supposed massive increase in production and consumption would take
place within a framework postulating that gross capital formation in the
developing countries would be raised sharply, from an average of 17 per cent to
32 per cent of Gross Domestic Product by the year 2000. It is also presumed
that this would be accompanied by transfers of real resources from developed to
developing countries that would reach a flow of some $72 billion by that year.

Even if the capital were available, if might still prove difficult to over-
come capacity constraints in equipment, human skills and organization. Further,
if the scenario, on which this analysis is based, were to be translated into
reality, this would obviously require a new world order with a political
atmosphere and socio-economic structures, radically different from those
prevailing today.

It must be acknowledged that the speculations in this paper have been
based on the scenario in the Leontief study which is most favourable for the
developing countries. While other scenarios do not paint so favourable a
picture, the message is quite clear, nevertheless, that enormous capital
expenditures and efforts will be needed to provide the energy required for a
broad advance against underdevelopraent and poverty throughout the world.

Even if the quantified targets were scaled down, some inescapable
conclusions can be reached, and these may be summarized as follows:

1. Rational long-range energy strategies and policies should be elaborated
within the context of overall development programmes. Every approach to
achieve economic growth with minimal energy input should be carefully studied.
In other words, there is a pressing need for stringent energy demand manage-
ment which would minimize the energy/GDP coefficient.



2. Limitation in capital availability may compel developing countries to
choose between less capital-intensive power projects (such as thermal plants
burning imported oil) producing relatively high-cost energy, and more
capital-intensive projects (such as hydro power plants) which would result
in lower operating costs and a cheaper lwh. Higher operating costs and
consequent higher electricity costs would then be the price a country would
have to pay 3n order to divert investment capital to other sectors of the
economy.

3» Sustained efforts will be necessary to maximize utilization of all
available local energy resources (from oil, coal and hydro, to geothermal,
peat and wind, etc.), to promote the expansion of the indigenous energy
resource base through systematic exploration, wherever possible.

k. Efforts to harmonize national energy policies should be pursued force-
fully. Wherever feasible, possibilities for the joint production of energy
permitting economies of scale(such as joint exploitation of major hydro
power sites, mine-mouth coal fired power plants aud jointly operated refineries)
should be investigated, particularly among smaller developing countries.

5. In the time span reviewed, it may be economically more advantageous to
provide many of the millions of scattered rural communities with self-contained
energy packages based on local resources that supply mechanical energy, heat
and power, rather than trying to expand costly rural electrification schemes
based on national grids.

6. There will be some scope for nuclear energy in some of the more advanced
developing countries, and the share of coal and hydro power production and
consumption is likely to increase; but until the end of the century, oil will
undoubtedly remain the dominant factor in energy supply for the developing
world as a whole.

7. It is evident that energy-related investment will require a large
proportion of gross capital formation in most developing countries. While
international financing will be required to achieve these new investment
levels, traditional mechanisms for such financing are not likely to prove
adequate to the task.
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VvVL I ; CHANGES .IN PATTERNS OF FOSSIL FUEL CONSUMPTION

A. Quanti t ies in Million Metric Tons of _ Coal..Equivalent

Year Developed Market Centrally-Planned Developing World
Economies Economics Countries

Petrol curii

Natural Gas

Coal

All Fuels

Petroleum

Natural Gas

Coal

All Fuels

1970

2000

1970

2000

1970

2000

1970 ..

2000

1970

2000

1970

2000

1970

2000

1970

2000

2191

7805

1022

250

1072

4801

4285

15107

B. Percent

73.11

47.39

71.89

37.24

49.77

45.18

65.20

44.68

435

268?

312

2141

978

4705

1725

9533

ape Shares

14.51

16.31

21.94

31.88

45.40

44.27

26.24

28.19

371

5978

88

2074

104

1121

^3

9173

12.38

36.30

6.19

30.88

4.83

10.55

8.57

27.13

2997

I6470

1422

6716

2154

10627

6573

33813

100

100

100

100

100

100

100

100

Source:

United Nations, "The Future of the Vforld Economy", 1976 (Preliminary)
Calculated from Technical Appendix on Scenario X.

* 1 metric ton of coal equivalent i s assumed equal to 7 million kilooalories
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ANNEX II: CHANGES IN PATTERNS OF FOSSIL FUEL PRODUCTION

Petroleuai

Year

1970

2000

A. Quantities in Million

Developed Market
Economies

778

3165

Metric Tons of

Centrally
Planned

Economies

508

2548

Coal Equivalent

Developing
Countries

1713

10761

World

2999

16474

Natural Gas
1970

2000

Coal
1970

2000

All Fuels
1970

2000

1018

2474

308

2328

1048

4942

1007

4705

43.25

31.29

27.73

28.33

96

99

980

29.02

40.38

1422

6716

2154

10627

All Fuels

Petroleum

Natural Gas

Coal

1970

2000

1970

2000

1970

2000

1970

2000

2844

10581

B. Percentage

25.94

19.21

71.59

36.84

48.65

46.50

1823

9581

Shares

16.94

15.47

21.66

34.66

46.75

44.28

1908

13655

57.12

65.32

6.75

28.50

4.60

9.22

6575

33817

100

100

100

100

100

100

100

100

Source:

United Nations, "The Future of the World Economy". I976 (Preliminary) - Calculated from
Technical Appendix on Scenario X.
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