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I. Introduction 

Over the years, mankind's social and economic development has been 
associated with an increasing utilization of energy. The vast bulk of 
this energy is supplied at present by coal, oil and natural gas, and, to 
a small extent, by hydroelectric and nuclear energy. Nuclear sources are 
however gaining ground, although the technological problems of radio
active waste disposal remain to be solved satisfactorily before nuclear 
energy can become a major energy source. Large reserves of hydroelec
tric energy still exist, especially in the developing nations, and other 
energy resources which exist in various parts of the world have not yet 
been utilized. 

Information on estimated energy reserves and on projected demand for 
energy indicate that total reserves are adequate to meet the increase in 
demand to the year 2000 and for some time beyond that date. Future tech
nological advances are expected to increase recovery factors of oil-in-
place, result in production from deeper waters offshore and to permit 
the development of oil shale and tar sands, thus increasing substantially 
the quantities of available and economically utilizable resources. Such 
•possible developments make uncertain the total available reserves of 
fossil fuels and complicate the development of policy on fuel and energy 
use. 

In this paper, projections of demand for energy have been obtained 
by regression analysis based on time series and cross-section data x>n 
consumption of energy and its components (solid and liquid fuels -4 gas, 

1/ Solid fuel refers to coal and lignite. Liquid fuel refers to 
petroleum. 



electricity) over the period 1955 to 1963. Projections for the developed 
market economies, centrally planned economies and developing countries 
have also been derived. 

Environmental consideration will have an increasing influence on 
the type of energy resources developed. Less-polluting sources of energy 
such as geothermal, hydroelectric, tidal and solar energy -will receive 
increasing attention. However, conventional fuels such as coal and lig
nite, petroleum and gas are expected still to dominate the energy picture 
in the year 2000 A.D. 

II. Review of Past Trends in World Energy Consumption 

In the recent past, there has been a marked shift in consumption 
from solid fuels towards the use of liquid fuels and natural gas^which 
has been common to all regions of the world. In 1950 for example, 6l per 
cent of the world's energy requirements were met by solid fuels and 25 
per cent by liquid fuels. During the period 1950 to 1968 however, world 
consumption of solid fuels rose at the rate of 2 per cent per annum, while 
that of liquid fuels increased at the rate of 8 per cent per annum, so 
that by 1968, the share of solid fuels had fallen to 3& per cent and that 
of liquid fuels had risen to /+0 per cent. 

Patterns of change in consumption are even more pronounced at the 
regional level, and in the developed market economies, the movement away 
from the use of solid fuels has been striking. Consumption rates of 
solid fuels in these countries remained stationary over the period 1950 
to I968, while liquid fuel consumption rose by 7 per cent per annum. The 
demand for natural gas rose at the rate of 7 per cent and for energy from 
hydroelectric and nuclear sources combined, at 6 per cent per annum. 

In centrally planned economies, the share of solid fuels declined 
from over 80 per cent in 1950 to about 60 per cent in 1968, the rise in 
the share of liquid fuels accounting for nearly all the increase in total 
energy consumption between'i960 and 1968. The most significant change, 
however, was in natural gas consumption which increased at the rate of 19 
per cent per annum. 

Within the-developing world, there are great differences in the 
level of energy consumption and in rates of growth both in terms of total 
demand and in term of the various sources. In the developing countries 
as a whole in 1950, solid fuels contributed approximately 40 per cent 
to the total consumption and liquid fuels and gas approximately 58 per 
cent, but by 1968 the share of solid fuels had fallen to 23 per 'cent and " -
that of liquid fuels and gas had risen .to 74 per cent. During the 
period 1950 to 1968, total energy consumption in the developing countries 
increased at the rate of 7.5 per cent per annum, while solid "fuels, 
liquid fuels, gas and electricity increased at the rates of 4, 8, 14 and 
11 per cent respectively. v 

~~2/ "Changing Patterns in the World Energy Situation", United 
Nations E/C.7/2/Add. 1, January 12, 1971. 

* Non-commercial sources or energy such as wood and waste products 
are disregarded in this paper. "2 r 



III. Forecasting Future Trends in World Energy Consumption 

Forecasts of future energy requirements can be made in different 
ways, In tnis paper^ only two methods are used. The first, which re
quires long historical data, may be described as direct extrapolation, in 
which a consistent tendency noted in a time series of past data is pro
jected into the future as an exponential rate of change, or as a logistic 
trend. In this approach, it is assumed that some regularity implicit 
in the conditions of past evolution will persist in the future. 

The other is an extension of this method and consists of studying 
the ways in which tendencies in two series (historical series if available) 
have been related to one another. One of the two variables is the categ
ory to be forecast and the second, an indicative series for which a pro
jection has already been made. The method consists in deriving an empi
rical relationship or correlation between these two series and using it 
to extrapolate one from the knowledge of the other. For the present 
study, per capita energy consumption is related to per capita gross dom
estic productj and using forecasts of population for the year 2000, 
future consumption of energy is predicted. This approach is mechanistic 
and is based on the assumption that the present relationships between 
energy consumption, gross domestic product and population continue into 
the future. 

a) Past Trend Extrapolations 

Since the tine interval for which data are available is short, this 
method is applied only to per capita consumption of total world energy 
and not to individual energy categories 2/. 

t t 
3/ In the case of an exponential trend, Y, = Y .B -!• A. 1-B 

' t o 1-B 
Here Y. and Y are per capita consumption of world energy in the per

iod t and the initial starting period o is 1955* A and B are parameters 
estimated from the first order auto regressive equation Y, = A -t- BY, ,. 

In the case of a logistic trend we can write Y. = K 

1 -I- be 

Here, a and b are parameters estimated, after transformation, from 
parameters for the function Z. = A -I- B Z, 1 where Z. is lA t« The parame
ter of interest is K which shows an upper""assymptote for the function and 
can be estimated from the two relations A = 1 - e ~a and 

-a ' - * * 
B = e . Using data for the period 1955 to 1963 and the two trend 
functions described above, per capita consumption of total energy has 
been forecast for the year 2000. , 
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For an exponential trend, total energy consumption for the year 2000 
•will be 30,216 million metric tons of coal equivalent, -while for the log
istic trend, the consumption will be 28,086 million metric tons of coal 
equivalent. 

b) Energy Consumption and Gross Domestic Product 

The relation between per capita consumption of primary energy and 
different types of energy (solid fuels, liquid fuels, gas and electricity) 
and real per capita gross domestic product for the world and for the 
regions has been examined. Regression functions have been fitted for 
total energy, using both time series data for the period 1955 to I968 and 
cross-section data, for the regions and the world separately for the year 
1968 y* 

The results indicate that per capita consumption of total energy, 
and of other types of energy, with the exception of solid fuels, are 
highly correlated with gross domestic product for the world and for indi
vidual groups of countries. 

The coefficients of income elasticity estimated for gas consumption 
in the centrally planned economies and the developing countries which are 
listed in table 1 are strongly influenced by the rapid growth in the use 
of gas in these regions in the time interval considered. Because such 
growth cannot realistically be assumed to persist unchanged until the 
year 2000, the coefficient of income elasticity for gas for the developed 
market economies given in table 1 has been used in preparing the esti
mates of gas consumption in both the centrally planned economies and de
veloping countries in the year 2000, Also listed in table 1 are values 
for the annual growth in per capita gross domestic product in the period 
1950-68 prepared by the United Nations Statistical Office. In the case 
of the centrally planned economies, the figure of 6.6 per cent refers to 
gross material product rather than gross domestic product, data for which 
were not available. In preparing estimates of energy consumption in 
the year 2000, an estimated value of the annual increase in per capita 
gross domestic.product of 5.0 per cent has Taeen adopted for the centrally 
planned economies. In the case of the developing countries, the annual 
growth in the per capita gross domestic product in the period 1950-68 was 
2.k per cent and projections for the year 2000 have been made on this 
basis. A target of 3.5 per cent per annum for the per capita growth in 

y The relationships are in long-linear form and the basic model 
used in this analysis is as follows: 

, Log C = a + b log GDP^ + e 
v P P 

where C is per capita consumption of energy in kilograms, GDP is per 
capita gross domestic product in constant U.S. dollars for the time 
series, and in U.S. dollars for the cross-section analysis, e is a 
stochastic disturbance term in the model. 



GDP for the developing countries has been set for the United Nations 
Second Development Decade and for this reason projections based on 
this rate of growth have also been prepared. 

The assumption that the above annual rates of increase in per ca
pita gross domestic product will remain constant up to the year 2000 is 
open to question in view of the uncertainties which are involved in con
sideration of such a long time scale. Clearly, inaccuracies in these 
rates of increase will, by the "year 2000, produce substantial errors in 
ths magnitude of the energy consumption forecast. 

The data presented in table 1 have been used to estimate the growth 
rate of energy consumption per capita in the future. These estimates, 
together with estimates of world population in the year 2000 from the 
United Nations Monthly Bulletin of Statistics for April 1971 are set out 
in table 2. In table 3, regional data for energy consumption per capita 
for the years 1955 and 1968, computed from United Nations World Energy 
Supplies, Statistical Papers, Series J, Nos. 3 and 13 have been set out. 
These data together with the growth rates of energy consumption from 
table 2 have been used to make the forecasts of energy consumption in 
the year 2000, which also are set out in table 3« 

The column headed "primary electricity" gives data for the product
ion of electricity from hydraulic and nuclear plants in terms of per 
capita coal equivalent. This forecast, which is/ based on past trends, 
does not take into account the expansion of nuclear power generation 
which may take place during the next thirty years. It is impossible at 
present to determine with certainty future nuclear possibilities, but we 
may note that any substantial increase in electricity produced from nuc
lear power could reduce substantially the quantities of solid and liquid 
fuels and natural gas which would otherwise be burned in power stations. 

In accordance with the United Nations practice, the coal equivalent 
of primary electric energy has been calculated assuming perfect efficiency 
of conversion. In examining the effects of substitution between primary 
electricity and that produced from fossil fuels, allowance must be made 
for the comparatively low practical efficiency of electricity generation 
in thermal power stations, which is such that substitution by electri
city produced from nuclear plant would result in coal equivalent savings 
of fossil fuels which would be approximately three times as large as the 
coal equivalent of primary energy calculated in accordance with the.above 
mentioned United Nations practice. 

In table 4, the "world population data for the year 2000 from table 2 
and the per capita energy consumption data for the year 2000 from table 3 
have been used.to estimate world energy consumption for the year 2000. 

The two estimates of world energy consumption of 28,086 and 30,216 
million tons of coal equivalent for the year 2000 derived by the analysis 
of past trends are in good agreement. In table 4* the total world energy 
consumption has been derived from projected per capita energy consumption 
and papailation trends. The difference between this figure, of 36,462 
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million tons of coal equivalent and the other two estimates is satisfac
tory when account is taken of the uncertainties in estimates of the rele
vant parameters. It should be noted, however, that the energy project
ions of table 4 will forecast energy consumption in the year 2000 with 
accuracy only to the extent that the economic and technical factors con
trolling energy consumption in the period 1955-&S remain unchanged. 

Having arrived at projections of future consumption of energy, the 
available energy supply and factors affecting substitution between energy 
sources are discussed below. 

IV. Energy Reserves 

5/ 
a) Coal and Lignite Reserves ^ 

12 
The estimate of world coal and lignite reserves is If,6 x 10 metric 

tons kl The cumulative consumption figures for coal and lignite to the 
year 2000 will be approximately 140 x 10 9 metric tons. So that about two 
per cent of the total estimated reserves will have been consumed by then, 
leaving reserves for 1750 years at the consumption rate of 4225 x 10" 
tons which is projected for the year 2000. 

Centrally planned economies have the largest share or 56 per cent 
of world reserves. The developed market economies have 33 per cent of 
total world reserves and the developing countries have 10 per cent. 

The rate of increase in consumption of coal and lignite has been 
falling in the recent past. In 1955, total world production of coal 
and lignite represented ^ per cent of the total energy produced in that 
year. By 1966 their share of total energy production had fallen to only 
3$ per cent. The declining shares of coal and lignite have been re
placed by an increase in the share of both petroleum and natural gas. 
However, the decline may not be permanent if technological advances 
provide better and less costly methods of exploitation, including 
techniques for processing coal to obtain synthetic liquid fuels or gas. 

• b) Petroleum Reserves 

The problem of estimating available reserves of hydrocarbon fuels 
over the long term is a complicated one. Not only is it necessary to 
make allowance for deposits and even whole producing provinces not yet 
discovered, but it is also necessary.to make allowance for the propor
tion of the reserves in place which can be economically recovered. The 
consideration of recoverable reserves of hydrocarbons (as of any other 
mineral, including coal) is in part, an economic problem, since the 
amount of recoverable reserves is a function of both physical availa
bility and the value of these reserves in comparison with the cost of 

j>/ Coal comprises all grades of anthracite and bituminous coal, 
lignite refers to both lignite and brown coal. 

6/ World Power Conference Survey of Energy Resources, 1968. 
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recovering them. 

There are at present no universally accepted definitions of pet
roleum reserves. A number of countries (e.g., the USSR), divide their 
reserves into five categories, namely drilled proved reserves, undrilled 
proved reserves, discovered possible reserves, undiscovered possible 
reserves and hypothetical reserves. 

Other countries find it sufficient to divide reserves into two or 
three categories. In the United States, for example, the American Pet
roleum Institute distinguishes between "proved reserves" and "indicated 
additional reserves". 

"For most countries, the figures for reserves given in the tech
nical press are not accompanied by precise definitions, and usually a 
single global figure is given. 

It should be remembered, however, that in all cases the concepts of 
"reserves11 apply to recoverable reserves, this definition being both 
economic and technical. From the technical point of view, primary re
serves and those dependent on secondary recovery processes are grouped 
together. 

Estimates of recoverable reserves of liquid hydrocarbon fuels (crude pet 
roleum including condensates) up to the year 2 000 have been prepared by 
the Bureau D'etude Industrialle et de Cooperation de L'Institut 
Francais du Petrole 2/. Reserves were divided into the three categories 
of proved, probable and possible reserves with the following definitions: 

Proved Reserves 

"Quantities of liquid hydrocarbons which on the basis of geo
logical and technical data can almost certainly be considered re
coverable from known drilled reservoirs under present economic 
and technical conditions" 

This definition is almost identical to that adopted by the American 
Petroleum Institute (API) for "proved reserves"; it excludes reserves 
contained in oil shale and sands, but on the other hand it includes 
condensates. 

Probable Reserves 

"Quantities of liquid hydrocarbons which it is hoped can be < 

recovered from known reservoirs, but without the certainty that 
- would enable them to be included in the preceding category." 

2/ Working paper ESA/RT/Meeting Il/2, S.February 1971> submit
ted to the United Nations ad hoc Panel of Esqperts on Projections of 
Demand,and Supply of Crude Petroleum and Products- (Headquarters, • \ 
9-18 March 1971). . 



This definition needs to be clarified, by distinguishing between: 

Probable reserves under present conditions 

These correspond to the "Indicated additional reserves" of the API 
(but also include condensates). 

They will be called "type A probable" reserves. 

Additional probable reserves 

These correspond to the additional reserves which might become re
coverable from reservoirs already discovered, account being taken of tech
nical and economic developments over the next twenty or thirty years. 

This type of reserve can be estimated by studying the evolution of 
the reassessment of reserves during the period after the discovery of 
the deposits. 

These will be called "type B probable" reserves. 

Possible Reserves 

"Quantities of liquid hydrocarbons which it .is hoped can be 
discovered in reservoirs at present unknown and extracted under 
technical and economic conditions predictable over the next 
thirty years (1970-2000)." 

This original definition does notv correspond exactly to traditional 
concepts like "potential reserves" or "ultimate reserves", which are 
based simply on the geological criteria of quantities of oil actually 
in situ (for example, the calculations of "ultimate reserves" §/ of 
experts like 1. G. Weeks or W. P. Ryman). 

£>a certain extent, this definition corresponds to the sum of 
possible and probable reserves contained in deposits not yet discovered 
and which might be discovered within the next thirty years. 

The estimates,1 which are necessarily very approximate, are based on 
the following elements: 

- Use of the geological concept of "ultimate oil reserves in situ", 
also based on statistical observations; 

- Expected change in the rates of discovery, as a function of 
statistics on past exploration in the various regions 5 

- Possible reassessment of these future deposits (expected 
change in the average rate of recovery as a function of the 
expected change in petroleum, prices and techniques). 

8/ The concept of "ultimate recovery" is also used, but in a very 
different sense, for any given reservoir; it then idicates the total cu
mulative production at the date of the estimate, plus proved reserves at 
the same date. 
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The advantage of this new definition is to give a meaning to the 
term "possible reserves" that can be used by economists even if, as a 
result, recourse must be had to estimates which are inevitably debatable. 

The various estimates as per the above categories are presented in 
table 5 which indicates that all recoverable reserves by the year 2000 
will amount to 350,000 million tons of coal equivalent. 

•While it is generally agreed that the estimates under the catego
ries of both proved and probable reserves, or similar classifications 
under other estimates are usually conservative, the estimate under the 
category of possible reserves is full of uncertainties such as future 
discoveries of oil and the exploitation of such deposits under tech
nical and economic conditions which are expected to occur by the 
estimator thirty years hence; under these conditions much depends on the 
judgment of the estimator. Such estimates, therefore, should be used 
•with caution in energy planning and should be revised regularly into 
shorter-term forecasts which would influence rational investment de
cisions in the development of energy resources. 

The estimate of 350,000 million tons of coal equivalent in pet
roleum reserves as shown in table 5 includes reserves offshore under 
less than 200 metres of water and, therefore, excludes possible re
serves in the deep ocean. In addition, as stated under the definition 
of proved reserves above, it does not include either oil shale or tar 
sands. 

The projected consumption, of petroleum products for the year 2000 
is shown in table 4 by which time cumulative consumption is estimated 
at 305,000 million tons of coal equivalent, thus leaving a balance of 
recoverable reserves of 45,000 million tons of coal equivalent. Given 
the generally accepted belief that proved reserves are often under
estimates and the great uncertainty of forecasting possible reserves 
over a long period, it is therefore considered that recoverable 
reserves of hydrocarbons on a global basis will still be adequate to 
meet demand to the end of the 20th century, but may not continue to 
do so for an extended period beyond that time unless significant 
additions to reserves are made in the interim. If significant addi- ' 
tions to reserves are not forthcoming, then substitution between 
petroleum'and other energy sources must occur., 

These effects may be expected to be more pronounced particularly 
in the developed market economies which are generally deficient in 
adequate indigenous reserves of petroleum to meet expected growth in 
consumption. 

c) Natural Gas Reserves -

World consumption of natural gas has been estimated at 400^ , 
million tons of coal equivalent in 1955 and at 1,18° million tons in 
1968,, thus increasing its contribution from 12 per cent to 19 per cent. 
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As indicated In the projections for natural gas consumption, the rates 
of increase in both the centrally planned economics and the developing 
countries were adjusted downwards. 

There is inadequate knowledge of world natural gas reserves; how- . 
ever, total reserves have been estimated at 175 trillion cubic metres M 
(233,000 million tons of coal equivalent) of which 14 trillion cubic 
metres had already been used by 1970* 

By the year 2000, it is projected that 169,000 million tons of coal 
equivalent will have been produced which would leave a balance of re
serves equivalent to 74,000 million tons. It must be emphasized, how
ever, that no projection of natural gas reserves is presented here and 
even published figures on reserves .Buch as those prepared by the World 
Power Conference Survey of Energy Resources, 1968, indicate that their 
coverage is far from complete. 

d) Tar Sand Reserves 

Tar sands and similar oil-impregnated rocks are widely distributed 
throughout the world, but extraction of oil from them has been in small 
quantities only. A commercial plant of 45,000 barrels per day (8,000 
tons of coal equivalent per day) was put in operation in 1968 at the 
Athabasca tar sands of Alberta, Canada. Recent reports have indicated 
that additional plants will be constructed in the same area in the 
near future. The slow development of tar sands for oil extraction in 
the past may be attributed to technological factors as well as to the 
generally declining prices of crude oil of the past two decades. With 
the recent increases in these prices as well as the prospect of future 
oil shortages and the fact that some of the technological problems of 
oil extraction seem to have been solved, it may be.expected that util
ization will increase in the future. 

The coverage of reported reserves of tar sands is rather limited 
since only scant attention has been given even to the evaluation of 
known reserves. The following reserve figures have, however, been es
timated 1S( Canada (126,000 million tons coal equivalent); Venezuela 
(36,000 million tons coal equivalent); Madagascar (310 million tons 
coal equivalent); USA (60 million tons coal equivalent); and Albania 
(89 million tons coal equivalent). 

e) Oil Shale Reserves 

Oil shale is found in such abundance in many parts of the world 
that available estimates of oil shale reserves show that they are equi-

2/ N. A. Bykhover "Economics of Mineral Resources" Nedra 
Moscow, I967. 

10/ Phizackerley, P.H.; Scot, L.0. in Proceedings Seventh World 
Petroleum Congress, Vol. 3, Mexico, 1967. 

' 10 



valent to 18,000 times the to^l world production of energy in 1968 — ' . 
In the past oil shales have been vmed primarily as raw material for the 
production of liquid fuels but as a result of recent technical develop
ments, oil shales may now also be used directly as fuel in thermal power 
plants and other boilers, and as raw material for the large-scale pro
duction of town gas. The economics of the use of oil shales have been 
improved by the combined production of oil and products such as steam, 
electricity, ammonium sulphate, sulphur, uranium and cement. 

A well-documented' — ^ large-scale utilization of oil shale is 
taking place in the Estonian Soviet Socialist Republic where, in addi
tion to town gas and other chemicals. -about 3,000 MW of electric power 
is being generated from two plants 12/. Considerable research effort 
•is being made in the United States for the utilization of the reserves 
of oil shale in Colorado and elsewhere for the production of shale oil 
but no commercial plant has as yet been constructed. Similarly, 
research is being carried out in Brazil for shale oil production. 

Although no estimates are available on probable oil shale utili
zation by the year 2000, in the United States it has been estimated that 
by I960 as much as 1 million barrels of shale oil per day may be pro
duced (178,000 tons of coal equivalent per day). It should be noted, 
however, that progress will depend not only on technological advance 
in mining and processing but also in the abatement of the adverse en
vironmental effects which may accompany exploitation. 

f) Hydroelectric Energy Reserves 

Estimated world potential for hydroelectric energy production is 
22,856 x 10° MWH per annum ==*/. Of this, 2.1 per cent and 4»6 per cent 
had been developed by 1955 and 1968 respectively. Projections indicate 
that by 2000 up to 34«0 per cent of all the available energy potential 
may have been developed. 

The figures quoted above are optimistic, especially when it is 
realized that potentials referred to above are technical rather than 
economic. 

Economic factors may work against a shift to hydroelectric develop
ment, particularly in the developed market economies where the best 

11/ United Nations, "Utilization of Oil Shale - Progress and Pros
pects" , New York, 1967> Sales Number 67 II b20. 

12/ Large-scale utilization of oil shales has also been reported 
in Mainland • China • 

13/ Proceedings of the United Nations Interregional Symposium on 
the Development and ̂ Utilization of Oil Shale Resources, Tallinn, Esto
nian S.S.R;, 1968. 

14/ World Power Conference Survey of Energy Resources, 1968. 
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sites have already been exploited. 

The developing countries have, by far. the largest hydroelectric 
energy potential (estimated at 15,000 x 10e I-M).i-a0f this potential, 
only 0.2 per cent and 0.8 per cent had been developed by 1955 and 1966 
respectively and projections suggest that not more than 11 per cent 
may be developed by the year 2000. 

In the developing nations, the capacities of many sites are much 
higher than local demand. If interconnexions to neighbouring countries 
take place however, the trend will be for a faster development of the 
potential sites. 

Current developments in low temperature technology that would open 
prospects for long-distance electricity transmission at low cost may 
make large scale electric energy transfer viable and could pave the 
way for the possibilities of electrical energy transfers from the major 
hydroelectric sources in the developing countries to highly-developed 
power markets in other regions. 

Of the total potential hydroelectric energy reserves in the de
veloped market economies, about 18 per cent had been developed by 1968. 
If the same rate of development continues, over 90 per cent oftotal 
potential will have been utilized by the year 2000. . 

The estimated total of hydroelectric energy potential in the cent-
trally planned economies is 3728 x 106 MWh, of which 4 per cent had 
been developed by 1968. With the current rate of development, 60 per 
cent of these reserves will have been developed by the year 2000. 

g) Tidal Power Reserves 

Tidal energy reserves have yet hardly been utilized,, the first 
major installation of tidal power being that of La Ranee Estuary in 
France (I966) which has an initial capacity of 240 I'M. 

15/ Other potential tidal power sites include —** : San Jose in 
Argentina (51,500 x 10°), Severn in England (14,700 x 10°), France 
(97,811 x 10°) and USSR (140,452), Passamaquoddy in the U.S.A.,Rana 
of Kutch and Cambay in India, and Secure Bay in Australia. A feasibi
lity study of the possible utilization of the Bay of Fundy in Canada 
is currently underway. 

15/ Figures in brackets are potential annual energy production in 
kilowatt hours. 

Sources: 1) Trenholm N.W. Canada's Wasting Asset - Tidal Power, 
Electrical Engineering News, Vol. 70, No. 2 (1961); 

2) Bernshtein L.B. Tidal Energy for Electrical Plans 
Israel Program for-Science Translations 1965. 
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h) Nuclear Energy Reserves 

Since the installation of the first industrial-sized nuclear power 
stations in 1956 and 19£7; technical progress has advanced steadily and 
various reactor systems have become accepted as proven designs. It is 
anticipated that this trend vdll persist, particularly in the industria
lized countries -where, in many cases, large nuclear power construction 
programmes are in hand. Dy 1930 total'installed nuclear capacity will 
probably exceed 320,000 MWe .is/lowever, the recent increase in fuel oil 
prices arising from the Teheran agreement can be expected to improve 
the relative competitive position of nuclear power and this may result 
in an even faster rate of development. 

The present proved reactor systems depend upon the use of either 
natural or slightly enriched uranium as fuel and the substantial cons
truction programme expected over the next few years vdll result in a 
demand for considerable quantities of uranium. 

It has been estimated —" that reserves of 700,000 tons of uranium 
are recoverable at less than $10 per lb. of IL 0 g whilst an additional 
700,000 tons could be made available at less than $15 per lb. of U_<X>. 

The next generation of nuclear reactors will be based on the 
breeders that are at present at the stage of. technological development 
and which are expected, to begin making a contribution to power gene
ration in the 1980's. The advent of this new reactor type will relieve 
pressure on uranium sources and allow fertile materials to be converted 
into nuclear fuel. 

Considerable work is being carried out on the development of a 
system which would utilize the energy of the fusion process. If these 
efforts are successful, then the long-term utilization of nuclear power 
will be assured without any possibility of fuel shortages. 

16/ United Nations document A/7568, 24 July 1969 - Report of 
Group of Experts on the contributions of nuclear technology to the 
economic and scientific advancement of the developing countries. 

17/ Economic Aspects of Nuclear Power by R. Krym. 
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i) Geothernial Energy Reserves 

At the present time, geothermal energy is being developed both 
for electric power generation and for direct use as heat. Power gene
ration, mainly in Italy, New Zealand, Japan and the USA, has increased 
from 386 MW in I960 to 681 HW in 19&9, a rate of growth of 6 per cent 
per annum, while total production, which includes a large contribution 
in the form of heat in the USSR, Hungary and Iceland, has increased from 
about 1,000 MW heat equivalent to 7,000 MW over the same period - that 
is, at a rate of over 24 per cent per annum. In the USSR, it has been 
estimated that from 50 to 60 per cent of the territory is underlain by 
thermal waterc, with a total heat content commensurable with the coal, 
oil and peat resources of the USSR taken together. 

Thermal energy stored in that part of the earth's crust which is 
accessible by drilling may exceed all the fossil fuel and fissionable 
nuclear reserves by orders of magnitude. Experience in known high tem
perature geothermal fields suggests that the recoverable heat energy 
from areas of acid volcanism is equivalent to the heat from some 1(3-2 
tons of coal. But these fields cover only a very small part of the 
land area, and if we take account of the much larger areas of higher 
than normal subsurface temperature, which may cover some twelve million 
square kilometres of land surface, the stored heat down to a depth of 
3*5 kilometres is equivalent to a further 2 x 10̂ -3 tons of coal. Even 
if only a rather small fraction of this heat is recoverable economically, 
the total will still be large. 

j) Solar Energy 

Solar energy constitutes by far the largest possible source of 
energy, but because of technical difficulties, solar, energy 
has not been harnessed to any great extent. Successful .application of 
this energy for heating has occurred in countries such as Australia, 
Israel, Japn, the USA, and in a few of the developing countries (for 
hot water and cooking). 

Solar energy also offers potential for the production of electrical 
energy though large-scale utilization of solar energy is, however, some
thing for the future. Advances in technology of terrestial and space 
conversion to electricity, may reduce the time-span considerably. There 
are, for example, possibilities for the development of solar cells that 
are of large capacity and capable of producing electrical energy at com
petitive rates per kilowatt hour. 

Possibilities for conversion of solar energy to electricity in 
space would involve the use of satellite collectors that would 
convert solar energy -in space, and then beam it to earth appear attrac
tive. Such satellites could be placed in synchronous orbit around the * 
earth. High conversion efficiencies (of the order of 90 per cent) are 
possible, but so far, no detailed design concepts are available. 
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V. Conclusion 

The data given In table 3 indicate that in the developed market 
economies in the year 2000 per capita consumption of energy vill be 
more than 20 tons of coal equivalent per annum; that in the centrally 
planned economies consumption vill be more than 7 tons or about l.k 
times the per capita energy consumption in the developed market 
economies in i960. In the developing countries in the year 200O per 
capita consumption of energy vlll be 1,7 tons of coal equivalent, that 
is slightly more than the per capita consumption of energy in the 
centrally planned economies in I968, if the per capita GDF growth 
target of the United Nations Development Decade is achieved. 

It is legitimate to inquire whether it is realistic to project 
energy consumption on the basis of a steadily accelerating use of 
energy. Since the available supply of energy in usable form is 
limited it is apparent that at some stage, sooner or later, energy 
production from known sources will cease to grow. To the extent 
that the above considerations become more general in developed 
market economies and elsewhere the projections of tables 5 and h may 
represent upper limits for world ener/jy consumption in the year 2CCG. 

The data presented earlier in this paper indicate that a concerted 
effort is needed to rationalize and co-ordinate the compilation and 
publication of data on reserves of petroleum and natural gas. In any 
case the estimates chow that 'presently known reserves of petroleum 
.and natural gas are barely adequate to meet projected demand to the 
year 200C while on the other hand the reserves of coal and oil shale 
that are known to exist are very large even in relation to projected 
cumulative consumption to the year 2000. There will, therefore, be 
increasing incentives not only for the discovery of new resources of 
petroleum and natural gas but also for the development of techniques 
for the production of substitutes for natural petrol eun: and gas and their 
products, from coal and oil shale. 

Non-polluting sources of energy, among them hydraulic and geotheriral 
resources, are already receiving increasing attention which is likely 
to become larger in the future. The circumstances that the developing • 
countries have large undeveloped resources of non-polluting power but 
relatively small markets for energy suggests an important use for 
techniques of long distance power transmission using cryogenic technology, 
once these become fully developed. Geothermal energy, on the other hand,™ 
in addition to finding, use in those countries lacking resources of fossil 
fuel will increasingly be ,used to supply relatively low temperature 
thermal energy for space heating and cooling and for industrial processing 
particularly in the developed countries. 
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Nuclear energy will consequently "be expected to supply an 
increasing share of world energy supply but there remain problems 
associated with disposal of radioactive waste which require solutions 
which are environmentally acceptable and are econor.iic. 

Energy in its many commercial forms has become such an 
important commodity and the factors affecting both its supply and 
consumption are so varied and far-reaching that energy, policies 
now require to be examined not only nationally,but also with a 
broader prospective such as may be expected in the United Nations 
Committee on Natural Resources. 
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TABUS 1 

INCOME ELASTICITY OF ENERGY CONSUMPTION AND 

ANNUAL GROWTH IN PER CAPITA GDP IN THE PERIOD 1950 - 1968 

WORLD 

DEVELOPED MARKET 
ECONOMIES 

CENTRALLY PLANNED 
ECONOMIES 

DEVELOPING 
COUNTRIES (A) 

DEVELOPING 
COUNTRIES (B) 

Total 
Energy 

- 0.8757 

0.8654 

0.7579 

1.6597 

1.6597 

Solid 
Fuels . 

-0.1207 

-0.3790 

0.3388 

0.4564 

0.4564 

Liquid 
Fuels 

1.6587 

1.6410 

1.4L56 

1.7517 

1.7517 

Natural 
Gas 

2.0551 
(1.5868) 

1.5868 

3.2092 
(1.5868) 

4.3238 
(1.5868) 

4.3238 
(1.5868) 

Primary 
E lec t r i c i ty 

1.4330 

1.2306 

1.6897 

2.9339 

2.9339 

Annual Growth in per 
Capita GDP per cent 

3.4 

3.2 

6.6 
(5.0) 

2.4 (A) 

3.5 (B) 

When two figures are shown the one enclosed by brackets has been used in estimating the growth rate to 
the year 2000 set out in table 3. 



TAKES 2 

PROJECTED GROWTH BATES OF ENERGY CONSUMPTION PER CAPITA. (PER CENT PER ANNUM) AMD 

TOLD POPULATION IN THE YEAR 2000 

WOOD 

DEVELOPED MARKET 
ECONOMIES 

CENTRAIIZ PLANNED 
ECONOMIES 

DEVELOPING 
COUNTRIES (A) 

DEVELOPING 
COUNTRIES (B) 

T o t a l 
Ene rgy 

3.8 

4.2 

5.1 

' 3.8 . 

5o7 
/ / 

Solid 
Fuels 

0.0 

-1 .2 

1.7 

1.1. 

y/ 1.6 

l i q u i d 
Fuels 

4.8 

5.3 

7.1 

4.2 

6.1 

Natural 
Gas 

5 .1 

5 .1 

/ 

f?.9 

3.8 

5.6 

Primary 
E l e c t r i c i t y 

4.9 

3.9 

8.4 

7.0 

10.3 

Population 
(million) 

6,494 

954 

1,721 

3,819 

3,819 

I 

I 
I 
I 



TABLE 3 

EMBRGY CONSUMPTION PER CAPITA. 

(ACTUAL VALUES POR 1955 & 1968 AND PROJECTED VALUES SOU 2O0O> 

(kilograms of coal equivalent) 

WORLD (1955) 
(1968) 
(2000) 

DEVELOPED MARKET (1955) 
ECONOMIES (1968) 

(2000) 

CENTRALLY PLANNED (1955) 
ECONOMIES (1968) 

(2000) 

DEVELOPING (1955) 
COUNTRIES (1968) 

(2000) 

DEVELOPING 
COUNTRIES (3.5/0 (2000) 

Total 
Energy 

1201 
1727 
5615 

3736 
5436 
20597 

835 
1550 
7582 

183 
299 
986 

1761 

Solid 
Fuels 

677 
656 
651 

1838 
157L 
1068 

696 
961 
1648 

68 
97 

113 

Liquid 
Fuels 

354 
691 
3108 

1203 
2484 
12967 

112 
336 
3017 

110 
184 
686 

1224 

Natural 
Gas 

148 
340 
1670 

609 
1234 
6062 

22 
234 
2666 . 

11 
38 
125 

217 

Primary 
Electricity 

22 
40 
186 

86 
147 
500 

5 
19 
251 

4 
9 
78 

207 



TABLE 4 

PROJECTED ENERGY CONSUMPTION IH THE YEAR 2000 

(million tons of coal equivalent) 

\ 

• 

WELD 

)EVEL0PED MARKET 

SCONOKCES 

3ENTRALLI PLANKED 
BCONOMIES 

DEVELOPING 
COUNTRIES (A) 

DEVELOPING 
JOUNTRIES (B) 

T o t a l 
Energy 

it>,m 

19,650 

13,04s 

3,765 

6,726 

Sol id 
Fuels 

4,225 

1,019 

2,836 
r 

370 

432 

Liquid { Natura l 
Fuels ! Gas 

1 

20,18? j 10,8^8 

12,371 ! 5,783 
\ 1 

\ 1 
\ { 

5,192 1 4,588 

2,620 « 477 

4,674 j 829 
1 

Primary 
E l e c t r i c i t y 

1,207 

477 

432 

29S 

791 


