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ABSTRACT 

Four methodologies for forecasting energy demand are 

reviewed here after considering the role of energy in 

the economy and the analysis of energy use in different 

economic sectors. The special case of Israel is 

considered throughout, and some forecasts for energy 

demands in the year 2000 are presented. A* energy 

supply mix that may be considered feasible is proposed. 
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1. INTRODUCTION 

Man, characteristically, has always wanted to know what the 
future holds in store for him. In the past predictions were based 
on experience and, mainly, intuition. Recently, forecasting was 
put on a sounder basis because of progress in the field of statis
tics and the use of computers for the analysis of large quantities 
of data. Forecasting is now a standard procedure used in many 
activities, ranging from meteorology to economics. In fact, accurate 
forecasting has become increasingly important in modern industrial 
economies, since events in one sector affect those of all other 
sectors. Since the second World War and the increase of inter
national trade, the economies of western societies have been united. 
Thus, economic fluctuations in one nation affect all the other 
nations, as is demonstrated by recurrent economic cycles. 

Very recently, a new factor, energy, has been recognized as being 

extremely important for the economic and social welfare of nations. 

It has become necessary to predict the energy demand of society and 

to plan the means of meeting this demand. This problem is compli

cated by a) the recognition that the supr >s of energy sources from 

fossil fuels, i.e., oil, gas and coal, are finite and are concen

trated in a small number of nations and b) alternative energy sources 

are complex and the technologies involved are extremely costly and 

not readily adapted to the present situation. For these reasons, and 
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to limit fluctuations and shortages in energy supply, many nations 

have set up plans and strategies to cope with the problem. These 

plans are based on the forecasting of energy demand. 

In the first section of this review the influence of energy on 
economics is examined. In succeeding sections, several methods of 
analyzing the role of energy in different economic activities and the 
techniques of forecasting demand are discussed. Some aspects of the 
problem of demand and supply, as it applies to Israel until the year 
2000, will be presented in the Appendix. 

2, ENERGY AND ECONOMICS 

In the discussion which follows, the emphasis is placed on the 

role of energy in economics instead of on the classical presentation 

of the economics of energy. Figure 1 shows that while there is 

a rough correlation between energy consumption and GNP (gross national 

product) per capita, the correlation is weak. This can be seen, for 

example, by comparing the data given in the figure for the U.K. and 

France. The U.K. had the same GNP per capita as France but consumed 

almost twice the energy. It is suggested, therefore, that this re

lationship should be interpreted as a zero order linear re.-tion, 

which implies merely that if the GNP grows, so does energy 

consumption. 
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Until a few years ago, energy demands were forecast by extra

polating linearly from past levels of consumptions. This relation, 

however, is not valid; in fact, it has been found in most societies 

that the increase in the consumption of energy has been greater than 

the ac^-rapanying growth in GNP. For Israel, the relation from 1948 

until 1973 is tabulated in Table I and Fig. V*'. It can be seen in 

the table that the economic efficiency of energy, or the ratio of GNP 

to energy consumed, decreased from IL 4500 per ton of oil in 1948 to 

IL 2600 per ton of oil in 1973 (calculations based on 1964 prices). 

It can also be seen that the consumption of energy grew by 10.8% per 

year while GNP grew by only 8 3% per year, which represents a yearly 

decrease is economic efficiency of 2.5%^ '. The same trend has been 

found by analyzing the history of industrial societies. Therefore, 

it may be concluded that these societies become progressively wasteful 

in energy consumption. 
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Table I. Population, energy as oil consumed, energy per capita, GNP 

per capita and their ratios in Israel from 1948 to 1973. 

Year Population xlOOO Energy 
(•toe) 

Energy/capita 
(toe) 

GNP/capita 
(IL 1964) 

GNP/ehergy xlO 3 

(IL/toe) 

1948 810 0.4 0.49 1750 4.5 
19S3 1650 0.99 0.60 1940 3.13 

1963 2380 2.4 1.01 3350 3.09 
1973 3282 6.65 2.03 5400 2.66 

o 
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Is 
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historic growth 

economic efficiency 
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3. ENERGY ANALYSIS 

It is important to know where energy is going and how it is used, 
i.e., the energy flow. For Israel this analysis was done by 
A. Mandel . A detailed analysis is impossible for Israel because 
of a lack of basic data regarding energy consumption in contrast 
with many other economic indicators. The best that can be done is 
to divide the economy into 4 sectors and compare their energy con

sumption with their GNP. This is reported in Table II (4) In 
other countries, energy analysis is a fast growing discipline . 

Two basic approaches may be distinguished and are discussed below. 

Table II. Per cent of total energy consumption and GNP in different 

economic sectors in Israel in 1972 * 

Energy 

Housing, Commercial, Public Transport Industry Agricultural 

Energy 32 27.5 32.6 7.4 

GNP 38 8.8 23.5 6.2 

GNP/Energy 1.21 0.35 0.72 0.78 

•Note: No cross correlations were considered. 
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3.1 Process analysis. The basic process of various economic 
activities is analyzed. For example, an analysis of the production 
of aluminum in the industrial sector reveals that a certain amount 
of energy is used for ..he production of one unit (1 ton) of aluminum. 
This gives a technical coefficient C (where the subscript a indi
cates the economic activity). Total energy consumption E for 

aluminum production is C multiplied by total production P : a a 

E a ' C a * P a 

Total energy demand is the sum of the products E for all 

economic activities, including services. It is clear here, that in a 

detailed analysis it must be taken into consideration that the 

starting materials are often manufactured, and the analysis has to 

gc back along the production line. This gives rise to feedbacks, 

loops and interconnections. 

Process analysis is very useful and revealing. P.F. Chapman1 

for example, has found that in the U.K. in different manufacturing 
processes, the energy consumption per value added, varies mora than 
100 times, while the manpower requirement varies by only a factor of 7. 

What is the situation for Israel? Nobody knows. 
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(7 81 3.2 Input-output analysis. Input-output analysis ' is 
analogous to the method developed by Leontieff for the field of 

economics. Here, however, the input is energy instead of money 
and the energy needed to move from one sector of the economy to 
another is derived. Of special interest is the energy industry 
itself and the relative efficiency of its various sectors. 
Table III gives the results of an analysis for the U.S. and U.K. and 
Table IV for Israel. In the latter case the analysis is particularly 

simple as only one primary fuel, oil, is used. 

Table III: Efficiencies of fuel production in % in the U.S. 
and U,K. ( 8 } 

(7) 

Table IV: Efficiencies of oil refining and electr ici ty production 

in Israel in 1973* 

Oil refining 

• Electricity 

92.3% 

31.8% 

*Note: 29.6% of the oil consumed was used to generate 
electrici ty. 
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4. POLICY PUNNING AND FOP.FC4STING 

Economics is not a deterministic science since human will and 

intentions profoundly influence its course. This is the basis of 

economic policy, a branch of which is energy policy. The availability 

of energy plays the same role as that of capital. However, while 

currencies may be exchanged relatively easily, the exchange of energy 

alternatives may be achieved only with considerable tecl.nid.-l effort. 

Before examining energy and economics forecasting, it may be 

worthwhile to explain why long-term (25 years or even ri ~re) pre

dictions of future needs are required. The answer is in i com

plexity and consequent inertia of the system. If there existed an 

almost inexhaustible supply of natural resources we couJJ plan for 

an ever-inc. casing consumption. But, it is now clear that focsil 

fuel deposits are limited ami that supplies of oil and gas will be 

depleted in 50-60 years. Coal is more abundant, but the present 

energy system is not geared to use it in large quantities. 

In forecasting the.energy system of the future it is necessary 

to consider transitions. These- are enormous technical innovations 

which require very large investments of capital and technical knov-

how. While these transitions will not be treated ir. detail here, it 

must be stated briefly that the importance of oil and gas, which 

today contribute 70% of the global energy source, will diminish in 

the future. It is. significant to note that Israel now relies 100% 

on imported oil. 

http://tecl.nid.-l
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Demand forecasting is reflected immediately in the planning of 
the long-range energy system. The life expectancy of a power plant 
is 30 years or more. Five to seven ye-'.rs are required to complete 
a conventional plant and 10 years for a nuclear plant. The develop
ment of an oil field also takes a very long time and the renewal of 
the coal industry is a matter of decades. In Table V are listed various 
energy options with the time and capital investment needed before 
*hey can contribute to the total.supply. The long periods of time 
involved suggest that we must plan today for the energy systems of 
the-future, at least-until.the year 2000. Policy, i.e. the determi^ 
nation of the desired targets, is the basis for planning. Fore
casting the demand is a tool in the determination of policy. 

Table V: Energy, options and. the time and capital investments 
required to produce an appreciable supply 

Technologies Time (years) Capital investment 

Oil and gas 

New oil and gas 

Coal 

Synthetic fuels 

Nuclear electricity. 

Solar, (diffuse) hea*. 

Fast breeders 

ADV (advanced technologies 
e.g., solar, fusion) 

present 

10 

present - 10 

10-15 

10 

5-20 

.20-30 

45-55 

$1,000-2,000/bbl/d 

$3,000-10,000/bbl/d 

•> 

$10,000-20,000/bbl/d 

$600/kW 

$100-200/kW/m2 (?) 

1 
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The nost simple and naive forecasting is extrapolation from 

past data. This worked very well on the average, for the last 25 

years, until the Yon Kippur War. For Israel, GNP has increased in 

the years 1963-1973 by 8.3* per year, energy use by 10.8% and 

electricity by 11.6%. At this rate, doubling time for energy is 

6.8 years (see Fig. 2). 

(2 91 By extrapolation it has been predicted"• * ' that: a) by 1983 

petroleum consumption will double that of 1973, reaching 15 million 

tons, and electricity use will triple; b) in the year 2000 the 

installed electric capacity is expected to be in the 12,500-20,000 MW 

range. For comparison, the 1973 capacity is 2000 MW.1:! According 

to this forecast, thert-fore, the yearly electricity expansion will 

be equivalent to the total 1973 grid. Today, it is realized that 

the forecasts need complete revision. Different approaches to a more 

realistic analysis of the energy demand are reviewed below. 

4,1 Scenarios of energy demands. The following is a brief 

summary of the final report of the Ford Foundation, Energy Policy 

Project . In their work the committee examined 3 main scenarios 

of energy uses: 

a) Historical growth (H.G.) 

b) Technical fix (T.F.) 

c) Zero energy growth (Z.E.G.) 
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These three scenarios were devised in response to the changing 

realities. Details may be found in the reference. What is relevant 

is that the forecast is different for each cf the three scenarios, 

as seen in Table VI. The essential feature of this method is that 

a different growth rate is assumed for each scenario, i.e. the growth 

rate is an exogenous parameter. The patterns of energy consumption 

in the various sectors of the economy (residential, commercial, indus

trial and transportation) are examined in detail. This technique, 

which is clearly policy oriented, suggests how to influence energy 

consumption (big automobiles versus compact cars, house insulation, 

conservation of energy in industry, etc.] to achieve the desired end. 

The original publications and the studies that accompany them are 

illuminating and may be useful guides for further study. 

Table VI. Energy consumption, given in 10 BTl), in the U.S. 

according to thret different scenarios examined in 

the final report of ;he Ford Foundation on the 

Energy Policy Project. 

His to r i ca l growth 
Fuel Electr* Total* 

Technical f ix Zero energy growth Hi s to r i ca l growth 
Fuel Electr* Total* Fuel E lec t r . * Total* Fuel Electr* Total* 

1973 5,5,8 6.4 75,0 

1985 78,6 12,9 116.6 

2000 113.7 27.1 186.7 

55.8 6.4 75.0 

68.1 8.0 91.3 

93.2 11.4 124.0 

55.8 6,4 75.0 

65.2 7.9 88.1 

69.9 11.5 100.0 

*Note: Electr. is the electricity consumed. The totals are greater than 
fuel and electricity combined because they include the heat wasted 
in electricity production. See Table III for efficiency. 
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4.2 Econometric models. Some economists suggest that in 
evaluating future energy needs, it is necessary to use econometric 
techniques. The central concept is that of price elasticity, e, 
the per cent change in demand q due to per cent change in the 
price of fuels p. 

e a Aq/Ap 

If we assume a relationship of the type 

q = kp 

for an appropriate choice of units k = 1, a 3-fold increase in 

price, for example, will lead to a new demand q. = 3 

Most economists disagree on how to determine e . If we 

assume in our example that e = 0.5, then q. = 3~ ' = — = 0.58. 

There is then a reduction in demand of =40% for a 3-foid increase 

in price. This is the method used by the Federal Energy Administration 

(FEA, U.S.) to forecast energy needs. 

There exist more advanced models where elasticity is considered 
in detail in the various sectors and also may be assumed to vary in 
time. It is clear that the central problem of this model is the 
accurate estimation of e and the time necessary to reach economic 
equilibrium. 
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Different models were based on this approach; a very detailed 
one is ETA, reported by A.S. Mamie . In this model demand is 
an endogenous parameter. ETA also compares the benefits of different 
technologies, making reasonable assumptions, as summarized in 
Table V. Its results are very interesting but a discussion would 
lead us away from the aim of this work, the forecast of energy 
demand. 

4.3 The WAES approach. The WAES (Workshop for Alternative 

Energy Strategies) was developed at MIT by Prof. Carroll Wilson 

as an international approach to the energy problem. The national 

groups associated at WAES analyze energy in their countries in 

three main areas: demand, supply and socioeconomic implications. 

This is.done with the aid of global scenarios on fuel markets and 

economic growth. Their predictions are made for t\ milestones -

1985 and 2000. 

We shall confine our discussion to the section of WAES which 

analyzes demand. The economy is broken down into the various 

sectors, and the main activities in these sectors are selected 

for study. Sixty-five main activities I. and the economic level 

A. for each activity are investigated. A technical coefficient 
(121 

T. ' is assigned to each, which indicates the energy require
ment per unit value. The energy requirement for activity I. 
is then A. x T.. The total energy requirement is then 

65 
I = A. x T. h l i l 
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Thus, economic activity levels are forecast instead of energy 
requirements. An interesting and important result of such a fore-

CIS) 
cast for 198S was reported by Prof. U. Colombo , the leader of 
the WAES group in Italy. The Ministry of Planning had predicted 

that 20 nuclear reactors would be needed by 1985 for production 

of electricity. This number was reduced to 6 as a result of the 

WAES analysis. 

4.4 Backcasting instead of forecasting. A.B. Lovins ' 

emphasized that energy involves not only technical and economic 

problems, but the values of society as a whole. These values 

are not only material, but also ethical and personal. GNP is not 

a measure of civilization, nor of the well-being of a nation. 

Moreover, we have seen in Fig. 1 that GNP is not tightly bound 

to energy consumption, since different nations may have the 

same GNP while differing by up to a factor of 2 in energy con

sumption. Lovins suggested that the high constraints on energy 

production, the very serious risks involved in advanced techno

logies such as nuclear power and the high impact of energy 

production on the environment should limit our energy demand. 

If a country should decide that it will consume the same 
amount of energy per capita in the year 2000 as in 1975, instead 
of forecasting energy requirements, it is setting the energy 
limit. Plans can be developed to insure that ethical and 
material values are met within the limited national resources. 
Technical solutions are very important in this approach, as the 
nation (or the world) has to re-examine the priorities of its 
activities and future projections. 
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Within the limited scope of this work I would like to stress 
that, in my opinion, it is possible to attain a high level of civi
lization and the solution of national, social and human problems, 
even with a lowered energy consumption. It is clear that what is 
needed is a profound revision of our life styles and a greater 
emphasis on moral issues. 

4.5 Global aspects. As a last general consideration, it must 
be pointed out that energy demand cannot be forecast for an iso
lated country, while ignoring global demand and supply. The energy 
system is now global in all its components: supply, price, tech
nology, economy and politics. It is important that energy planning 
or any other future development program for any country will be 
reasonable in global terms. 
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APFENDIX: SOME CONSIDERATIONS FOR ISRAEL 

In discussing the situation in Israel we must take into 
consideration the following: a) The entire energy system is 
based on imported oil. In 1975 consumption war 7 ra tons; in
stalled electricity capacity was 2000 MW, entirely based on oil-
fired stations, b) The last decade (1963-1973) has seen a yearly 
decrease of 2.5% in the economic efficiency of the use of energy. 
This was at a time when oil prices were decreasing, before the 
Yom Kippur War. Oil prices have, since then, more than tripled 
and may increase further, c) It is necessary to diversify our 
energy supply and to minimize our consumption as much as possible 
without a loss of economic and social benefits. Diversification 
implies serious consideration of the use of coal, nuclear and solar 
energy. Minimization, or energy conservation, requires an intelli
gent policy of utilization of energy, d) There is an almost total 
lack of basic data on energy uses and their economic implications, 
e) Although energy is now a popular subject, not many people under
stand its full importance. 

The Government has responded very slowly to the new energy 

situation. From the foregoing discussion, it may be concluded that 

forecasts of energy demands have been grossly exaggerated. They 

are based on extrapolation or intuition, and lack the sophistication 

necessary for an adequate treatment of the subject. The patterns 

of energy utilization in Israel have to be studied to form a basis 
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for planning a «or« rational us* of energy. The industrial, agri

cultural, transport, domestic and coaaercial sectors, in effect the 

whole econoay, have to develop along lines that will utilize 

•iniaua energy. 

In the past, Israel has succeeded in overcoming aany problems 

such as those of defense and shortages of food and water. Israel 

has the capability, Manpower and will to overcome the energy crisis 

and solve related problems that will arise in the future. One fea

sible energy mix is sketched in Figs. 3 and 4 and was developed in 

detail elsewhere1 . 
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Fig. A: An energy mix for Israel until the year 2000. 
The figure gives 2 projected values for yearly 
increase In consumption of electricity. 
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