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ON SOME RELATIONS INVOLVING THE USE OF ENERGY IN ISRAEL 

T. Sonnino 

ABSTRACT 

The economic development of Israel was studied 
quantitatively, correlating the gross national product 
with the energy used, the number of employed persons, 
and the capital stock. 

A production function in the form of that of Cobb-
Douglass was found, which describes the GNP in terms of 
these three factors with a very high accuracy. The 
development of electricity consumption is also examined 
and correlated to demographic and economic developments. 

1. INTRODUCTION 

Energy, defined by physicists, as "the capability of doing work", 
is evidently a vital factor in modern economics. Its importance was 
recognized very early, but before the dramatic increase in the price 
of petroleum in late 1973 the cost of energy was less significant in 
determining the prices of indutrial goods than at present. After the 
shock of the price rise, on the one hand, and the pessimistic evalua
tions of global petroleum reserves on the other, many studies were 
initiated in industrialized countries aimed at a better understanding 
of the role of energy in economic processes. These studies vary in 
their methodology and aims. Of particular importance are the econo
metric studies undertaken to find not only qualitative but quantitative 
relations. These studies are mainly based on the analysis of statistics 
related to the use of energy in the different sectors of the economy, 
and on energy balances in different economic activities. Some preli
minary results for Israel are reported In this work. They are preli
minary in the sense that more research has to be done, but they already 
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seem interesting enough for publication , and may stimulate others to 
continue the study in depth. 

The famous economist R.L. Klein stated that the results of eco
nometric studies cannot be better than the data used. It is important 
to point out from the start that the data base in Israel is very poor, 
and in many cases energy statistics are completely lacking. This 
study uses all the relevant data available to the author. However, 
this work was undertaken with the conviction that in this case 
incomplete results are better than none at all. 

2. THE DATA BASE 

The economic and demographic data were obtained mainly from the 
Statistical Abstracts of Israel . Energy data were mainly obtained 

(2) from the Petroleum Institute, Kamat Aviv and electricity data from 
(3) the Israel Electric Company Statistical Reports . The basic data are 

given in Table 1. 

3. SIMPLE RELATIONSHIPS 

3.1 Energy and Gross National Product 

A relationship between energy consumption and economic activity 
(as measured by GNP) was postulated many times. In a recent study of 
22 European countries V. Smil and T, Kuz conclude that "there is 
very little sign of any pattern emerging .... however .... for indivi
dual countries they find very high correlation over time between energy 
and GNP growth, suggesting that countries are locked into relatively 
fixed patterns of energy consumption". For Israel there is a strong 
correlation, as is shown in Fig. 1. 

function 
This correlation may be expressed mathematically by an exponential 

y = ax (1) 



TABLE 1 

Economic and demographic data for Israel 

Year G N P ( a ) Capital* 5 Employ, <' C ) Energy C d ) Calc. GNP GNP Error % 
persons consumed -calc.GNP x 100 

i955 5322.OOnn 7125.0000 585.7000 1244,0000 5341.0352 19.0352 0.0036 
1960 8121,0000 12711,0000 701-8000 1816,0000 8003,4844 -117.5156 -0,0147 
1965 12849-0000 21596.0000 879.2000 3057.0000 12890.6172 41.6172 0,0032 
1966 12977.0000 22702-0000 873.8999 3222.0000 13343-093/ 366.0937 0.0274 
1967 13263.0000 22966.0000 830.7000 335 7.0000 13336,5977 73.5977 0,0055 
1968 15137.0000 24422.0000 910.8999 3975.0000 15250,9961 113.9961 0.0075 
1969 17141.0000 26711-0000 945.8000 4612-0000 16992-5586 -148-4414 . -0,0087 
1970 18576,0000 29412-0000 96 7.2000 4772.0000 17875.9219 -700-0781 -0,0392 
1971 20477-0000 33029.0000 997.1001 602 7.0000 20785,0703 308.0703 0,0148 
±972 22945-0000 37102.0000 10i.7,3999 6491.0000 22653.6680 -291.3320 -0-0129 
1973 24206.0000 41521.0000 1088.3999 7205.0000 24890.9180 684.9180 0.0275 
1974 25853.0000 45766.0000 1089,2000 7186.0000 25510.0352 -342.9648 -0,0134 
1975 25967.0000 49163-0000 1102,8000 6951.0000 25 739,0000 -228.7262 -0.0088 

(a) 
Cb) 
(c) 
(d) 

GNP gross na t iona l product at constant p r i ces [mi l l ions of IL (1970)] 
Capi ta l s tock in mi l l ions of IL (1970) 

Employed persons in thousands 
in mtoe (mil l ions of tons o i l equivalent ) 
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where y represents the total amount of energy used in a certain year 
in units of thousands of ton oil equivalents (fcttoe) and x represents 
the GNP of the same year in units of millions of Israeli pounds at 
fixed prices of 1970 (IL 1970). The values of coefficients a and b 
were estimated by a least squares fit to be: 

a = 1.65X10 - 1 

b = 1,06 

The correlation coefficient r is 0,981. b is called the energy 
elasticity of GNP. The fact that it is greater than 1 indicates that 
there was greater growth in energy consumption than in GNP. 

3.2 GNP and Labor 

Relation (1) may be misleading as factors other than energy 
determine the GNP to a greater extent. In this study the influence of 
the number of employed persons and of the capital stock are also 
examined. The effect of labor on the GNP is presented in Fig. 2. 

Again, using an exponential relation: 

y = ax , (2) 

where y is the GNP in millions of IL (1970) and x is the number of 
employed persons in thousands, we obtain: 

a = 4.76*10~4 

b = 2.54 

The correlation coefficient r = 0.98. 

The value of b^>l indicates that the GNP grew in the past 
twenty years much more than the number of employed persons, i.e., 
there was a high increase in productivity that was undoubtedly sustained 
by an increase in energy consumption and by other production factors 
as reflected,inter alia, by capital stocks. 
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Fig . 1: Oil consumption vs GNP In I s r a e l , 1950-1975. 
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Fig. 2: The correlation between the number of employed persons 
and GNF in Israel 
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3.3 GNP and Capital 

A third factor thft influences the GNP is the total capital, i.e., 
the means of production is measured as the value of fixed assets, such 
as civilian &nd government constructions, public works, machinery and 
equipment. This capital depreciated every year. But total capital is 
increased by the gross domestic capital formation (GDCF). The evolution 
of GNP in terms of capital and GDCF is presented in Fig. 3, from which 
it may be seen that the long term correlation smears out the temporary 
effects of economic crisis, e.g. in 1965-67, and clearly indicates the 
overall trend. It is Important to point out that the economic develop
ment of Israel was sustained by the high rate of investments as measured 
by GDCF, which in the long run, stands at 32% of the GNP. 

4. A MORE COMPLEX RELATIONSHIP 

The rimple relationships developed above point to a more complex 
relationship that may explain the overall development of the Israeli 
economy. The relation proposed Is of the form of that of Cobb-Douglass 
and may be called a production function for Israel. Calling F the GNP 
and x the capital in1IL (1970), y the number of employed persons in 
thousands and z the energy, in thousands of «toe we may write: 

F = iot ay 6z y (3) 

where K is a numerical constant and a, B and ) are parameters whose 
values were derived by a least squares fit as follows: 

K = 1.209 
a = 0.262 
B = 0,440 
7 = 0.458 

Using the above values in expression (3) permits the estimation of 
GNP for a certain year with a standard error of 347 millions IL (1970). 
As an exercise, the GNP for 1975 was computed from formula (3) as 
25.740 millions of IL (1970), compared with the reported value of 
25.967. The error is less than 1%. 
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Fig, 4: Eyolutlon of the Israeli economy 
G - GNP in millions of IL 1970 
I - GDCF In millions of IL 1970 
C - Capital in millions of IL 1970 
X - Employed persons x 100 
E - Energy consumption In mtoe 

The solid line Indicates the GNP as calculated by the production function propose*, in the text (Eq.3) 
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The production function (.3) is then good enough to be used to 

estimate the development of the Israeli economy in the future. 

The coefficients, a, g and y are the elasticities with respect 
to GNP and indicate the relative importance of the different factors 
in its growth. Recalling that for a "well-behaved function F": 

dF = l|£| dx + [|£] dy + fl̂ l • dz (A) 
ax'y.z [Syjx.z !.3zjx,y 

We get from (3): 

dP dx ^ „ dy . dz , c. 
— = a — + B •-*• + Y — (5) 
r x y z 

This signifies that in the past 1% growth in GNP had to be sustained 
either by 

t/a = 3.8% growth in capital stock 
1/6 = 2.3% growth in employed persons 
1/y = 2.2% growth in energy consumption. 

It was the overall growth of all these factors that permitted the rapid 
growth of the Israeli economy. The overall pattern of the evolution of 
the Israeli economy as reflected by the above analysis is presented in 
Fig. 4. 

5. SOME RELATIONSHIPS INVOLVING ELECTRICITY 

A great part of the total energy used in Israel is for the gene
ration of electricity. It is well known that this electricity is 
generated by thermal plants that fire petroleum products. In the past 
the percentage of petroleum products used to generate electricity 
varied from a minimum of 222 in 1950 to a maximum of 38% in 1966; in 
recent years it amounted to 2^30% (Fig. 5). The variation indicates 
that there was a substitution of non-electric energy for electricity. 
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The Israel Electric Corp. has statistical records on the consumption of 
electricity in the following five sectors: 

1. Household 
2 Public and commercial 
3. Agricultural settlements 
4. Industry 
5. Hater pumping. 

A summary of this data is reported in Table 2 and Figs. 6 and 7. In the 
analysis of electricity consumption it is possible to find the relation
ships developed below. 

5.1 Household Consumption 

Electricity consumption in the household sector is correlated with 
economic and demographic indicators. The most significant correlation 
was found between electricity consumption per capita and private 
consumption expenditure (PCE) per capita (see Fig. 8). The correlation 
coefficient of the linear correlation is 0.98. 

5.2 Public and Commercial Consumption 

The electricity consumption in the public and commercial sector 
is correlated with the economic activity as measured by GNP. The 
correlation is linear with a high correlation coefficient of 0.998 
(see Fig. 9) . 

5.3 Agricultural Settlement Consumption 

The electricity consumption of agricultural settlements is rather 
low. its share being less than 4% of the total. In recent years, its 
share has increased by 0.05% per year. 

5 4 Industrial Consumption 

The electricity consumption in the industrial sector Is the most 
important as may be seen from Figs, 6 and 7. It is also the sector 
that has shown the highest degree of interchange with other forms of 
energy. From a preliminary analysis it was found that: 
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- Until 1960 there wds a shift toward the use of more electricity 
- From 1960 to 1965 there was a shift to a greater use of fuels 
- From 1965 on, once more there was an increase in the share of 

electricity, This period is characterized by a high growth rate 
in electricity consumption. 

It Is well known that for one unit of industrial output the energy 
Input may vary by two orders of magnitude in different industries, 
while the input of labor may vary only by a factor of less than ten. 
This was found in the analysis of energy consumption in Europe and 
U.S. , Unfortunately there are no statistics on the overall energy 
consumption of Israeli industry. An analysis of the cost of electricity 
in the last years in different industries in Israel is revealing, We 
find that in the most energy intensive industries (mining and quarrying) 
the cost of electricity per unit revenue is 62 times higher than in 
less energy intensive industries (diamonds) 

In spite of this it was found that the electricity consumption 
per unit of revenue (at constant prices) has not changed from 1968 
to 1975, and is 0.182 kWh per 1 IL (1970) when industry is viewed as 
an aggregate sector. More work is evidently necessary in order to 
clarify the patterns of energy and electricity consumption in industry. 

5.5 Water PumpinR 

Water pumping consumes a high percentage of electricity in 
Israel (see Figs. 6 and 7) as electricity is used for distribution, 
irrigation and the National Water Carrier (NWC). The consumption of 
electricity grew as more water was made available by the completion 
of the NWC. In the last 5 years it has remained stable apart from 
fluctuations that are related to meteorological factors. 

6. A CTNERAL RELATIONSHIP ON ELECTRICITY CONSUMPTION 

From the above discussion it is possible to derive a relation 
which describes total electricity consumption E in Israel, summing 



- 16 -

the consumption of the five different sectors 

Etot = D ( E ) + P C ( E > + A V ( E ) + I ( E ) + W W 

where D(E) is household, PC(E) public and commercial, AV(E) 
agricultural settlement, 1(E) industrial and WP(E) water pumping 
consumption. This function depends on a small number of parameters: 

x - total population 
x- - GNP per capita 
a - ratio PCE/GNP 
(5 - ratio of industrial revenue to GNP 

1/7 - quantity of electricity per unit of industrial revenue 

Etot = f(x 1,x 3,a,e,l/v) (6) 

This simple function gives an accurate1 estimate of electricity con
sumption in Israel and will be used for forecasting. 

7. ELECTRICITY CONSUMPTION AND GENERATION 

Electricity consumption is not equivalent to generation. From 
an analysis of past data it is possible to derive the following 
relationship: 

1. Electricity produced = 1.14 electricity sold. 
2. Peak load « 1.5 +_ 0.02 average yearly load, which is 

equivalent to a capacity factor of 0.66. 
3. Reserve capacity in the last years has been =20% of 

peak load. 
These three relationships are sufficient for planning the development 
of the electricity system. 
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8, FORECASTS OF PARAMETERS RELEVANT TO THE ENERGY SYSTEM 

The conceptual framework used for forecasting energy consumption 
in Israel is presented in Fig. 10,. This framework takes into conside
ration the evolution of all the subsystems that affect the energy 
system. Unfortunately not all the primary inputs, discussed below, are 
available with as much detail as is necessary. 

8 1 Population Forecasts 

Population forecasts were published by the National Bureau of 
Statistics' until the year 1993 and were extended by the author to 
the year 2000 There are basically two forecasts: a high one based 
?n the assumption that 50,000 "olim" will come per year and a low one 
based on 2 fJBOO "olim" pet year. The results of these forecasts are 
shown in Fig- 11. From the population forecasts and the distribution 
of age groups it is possible to determine the population above age 14 
which potentially constitutes the labor force, In the 1950's and early 
60"s, 53-54Z of the population over age 14 constituted the civilian 
labor force- This percentage has decreased in the last 5 years to 49%, 
The percent of employed persons in the civilian labor force has 
remained high (97.0+0.4) in the last 5 years. (It reached a minimum of 
92 6% in 1965-1966.) It was forecast that 50% of population aged 14+ 
will be employed. The detailed calculations which are part of a 
computer program may be obtained from the author. 

8 2 Planning 

No detailed long term planning of economic activity has been 
undertaken. It is clear that the high price of energy and the awareness 
of the problems involved will limit the expansion of energy intensive 
activities, and increase the application of energy conserving devices 
and methods. One important exception is water desalination which may 
have to be developed in the next 25 years in Israel and which will 
add an energy intensive activity of major proportions. However, even 
this should not alter the relative importance of the different sectors 
in the economy and their relative energy shares. 
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Fig.. 10; Conceptual framework used to forecast energy 
and electricity consumption In Israel 
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Instead of long-term planning four different projections on GNP 
per capita were constructed. GNP per capita was preferred to GNP so 
as to distinguish between population effects and economic effects. In 
the l^st 10 years the average yearly growth of GNP per capita was 
4-3+4.8% from a maximum of 10.6% in 1968 to a minumum cf -1.9% in 1975. 
The values of average yearly growth of GNP /capita selected for the 
construction of projections are: 4.5%, 3.0%. 1.5% and zero growth. The 
first value represents the continuation of the historical trend. Zero 
growth was included because it was considered in forecasts of the U.S.. 
and European countries. The other two cases are intermediate arbitrary 
values. The evolution Gf GNP per capita in the 4 cases is presented 
in Fig. 12. Total GNP may then be obtained from the two population 
estimates and we get a total of 8 different proj.': tions Population, 
GNP and GNP/capita are reported in Table 2 for these 8 cases Low 
value cases (1-4) indicate low popuJ .tion forecasts and high values 
(5-8) high population forecasts. Note that there is always an increase 
in GNP from a minimum of 2,1% in case 1 to a maximum of 6.9% in case 8. 

For comparison, international economic forecasts project an 
average yearly growth of GWP (Gross World Product) of 4.5%, with 
industrialized nations increasing their GNP at ?3.0%. 

TABLE 2 
Population, GNP/capita, and GNP in Israel in the year 2000 

Case 
Population GNP/capita GNP 

Case 
X1000 * % (It, (1970)) * % (M IL(1970)) % 

1 
2 
3 
4 
5 
6 

8 

5830 
5830 
5830 
5830 
6400 
6400 
6400 
6400 

2.05 
2,05 
2.05 
2.05 
2.42 
2.42 
2.42 
2.42 

7512 
10900 
15730 
22580 
7512 

10900 
15730 
22580 

0 
1.5 
3.0 
4.5 
0 
1,5 
3 0 
4.5 

43800 
63500 
91?00 
131600 
48100 
69700 
100600 
144400 

2,1 
3.6 
5.0 
6.5 
2.5 
4.0 
5.4 
6.9 

1975 3492 7512 25967 

indicates average yearly growth 
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8.3 Finance 
There Is no long range policy for the allocation of national 

resources among the following: 

- Private consumption expenditure (PCE) 
- General government consumption expenditure (GGCE) 
- Gross domestic capital formation (GDCF) 
- Export-import of goods and services, including net factor 
payments to abroad (EXP-IMP) 

In general, it may be stated that the development of the Israeli 
economy depended mainly on two factors: 

1, The ability to finance it with capital 
2. The high percentage of GNP invested as GDCF (historically 32%). 

It is doubtful whether the same amount of capital will be available in 
the next 25 years. In the present analysis we shall be optimistic and 
assume that 

1 Capital will be available. 
2 GDCF will remain high, i.e., 322 of GHP until the end of the century. 

Data on population, planning and finance, discussed above, will permit 
the computation of the variables that enter Into the energy forecast , 
No other estimation of financial parameters has been attempted to date. 
It should be pointed out that limitations on the availability of capital 
may be a serious constraint to the development of the economy and hence 
to the energy system (especially considering that capital intensjve 
components of the system will be increasingly Important in the future), 
A detailed analysis of the financial aspects of energy will then be 
necssary to clarify the possible paths of evolution of the Israeli 
economy 

(+) Capital at year I will be calculated according to the formula: 
CAPITAL (I) = CAPITAL (1-1) x (1-DISRAT)+GDCF(I), This indicates that 
capital at year I is equa) to CAPITAL at year 1-1 depreciated by a 
yearly rate = DISRAT (=0.10) plus the GLICF for year I. 
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9. FORECASTS OF ENERGY CONSUMPTION 

To forecast the energy consumption in Israel until the year 2000, 
we will now use a simple model based on energy elasticity. As noted 
in Sec. 3.1 this parameter indicates the percentual growth of energy 
for a 1% growth in GNP: it has remained remarkably constant over 
the last 25 years at 1.06. For the next 25 years (1975-2000) it is 
assumed that this parameter will change linearly and will reach 0.97 
in the year 2000. This value was chosen for the following reasons: 

1. The higher price of energy will stimulate ways of obtaining 
maximum economic benefit, from energy, i.e., conservation, and 
will thus lower the value of the elasticity. 

2. The value used by OECD is 0.84. The higher value assumed for 
Israel reflects the necessity for a faster developmsnt of the 
country. 

Based on this assumed value, it is possible to forecast energy consumption 
until the year 2000. The results are presented in Table 3. 

TABLE 3 
Energy consumption until the year 2000 

Case Energy 
ktoe 

1 
Average 

yearly growth, % 

1 
2 
7 
8 

5250 
7525 

11750 
16700 

-1.1 
0.0 
2.1 
3.5 

Theso values represent total energy consumption and do not specify 
either the mix of primary energy or the ratio of energy devoted to 
electricity generation. The mix and the use of electricity will 
depend on the prices of different fuels. Their relative importance 
will be studied in a forthcoming study based on technology assessments 
and the analysis of end uses. 
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For the present study, in order to obtain estimates of electricity 
it was decided to analyze the demand according to three different values 
of the ratio R = electricity/total energy. In the pasc, as it was 
demonstrated elsewhere (Sec. 5) this ratio was approximately 0,30. We 
chose the values 0.30, 0,40 and 0.50 for R to predict demand, The use 
of the lower value may be justified on the basis of the fact that there 
are forces that will limit the growth of uses of electricity: the use 
of solar energy for low temperature heat, the use of high efficiency 
devices (thermal pumps), increased use of electric devices that require 
small amounts of power. The Ligh value may be justified if it will be 
much cheaper Co generate electricity by nuclear power and/or coal than 
oil The economy then will move toward an overall increased use of 
electricity, for example, in public and private transportation. 

The energy equivalent of the electricity produced w-'ll also be a 
function of the generation efficiency parameter £ . (According to the 
convention used in the analysis by 0ECD electricity is evaluated for 
its energy content, i.e- the amount of energy required for productio.i.) 
From an analysis of past trends in Israel and the world e has regu
larly grown so that in the year 2000 it is estimated that it will be 
0.50 -

The values of electricity production in c'lie four cases above an.1 
of other parameters involving the electricity system are reported in 
Table A. In the table the production/consumption ratio is assumed to 
be equal to the historical value of 1.15. The value of maximum demand 
was not estimated for the following reasons: 

1. It is assumed that the major part of electricity in the 
year 2000 will be produced by nuclear and coal fired power 
stations that will have to be operated at maximum capacity 
for maximum economy. This will require that efficient 

Note that this value will produce overestimation of electricity 
demands if the actual value of e will be lower. 
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methods of storage of energy produced at times of low demand will 
be used so that electricity will be available at times of peak demand 
Storage methods are already being studied and in tsome countries are 
being developed and used (e.g., pumped storage and batteries). 

2. Methods and measures of peak shaving will be actively pursued 
(e.g., tariff, penalties, education, etc.). 

In summary, peak shaving and energy storage will receive a great deal of 
attention and will play an ever-increasing role in the electricity 
system. They will be considered integral parts of the production and 
management of the electrical amm»amfiyzA-**M • 

TABLE 4 
Projections of electricity in Israel in the year 2000 

R = 0.30 

Case 
Total 
energy 

(a) 

Energy equiv. 
of electricity 

(b) 
Production 

(c) 
Demand 
Cc) 

Average 
power 
(d) 

1 
2 
7 
8 

5250 
7525 

11750 
16700 

18.3 
26.2 
40.9 
58.1 

9215(0) 
13100(1.3) 
20450(3.1) 
29050(4.5) 

8015 
11390 
17780 
25260 

1050 
1495 
2325 
3315 

R = ( .40 
1 
2 
7 
8 

5250 
7527 

11750 
16700 

24.4 
34.9 
54.5 
77.5 

12200(1.0) 
17450(2.4) 
27250(4.2) 
38750(5.6) 

10605 
15175 
23695 
33695 

1390 
1990 
3110 
4420 

R = C .50 
1 
2 
7 § 

5250 
7525 
11750 
16?00 

30.5 
43.6 
68.2 
96.8 

15250(1,9) 
21800(3.3) 
34100(5.1) 
48400(6.5) 

13260 
18960 
29650 
42090 

1790 
2490 
3900 
5525 

(a) in ktoe 
(b) equivalent thermal energy in GIGA watt-hours 
(c) in millions of kWh (in parentheses is given the average 

yearly growth, %) 
(d) in MW 
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10. SUMMARY OF ENERGY FORECASTS 

At the upper limit oi high population growth and with economic 
development as rapid as in the past 25 years, the maximum energy 
consumption ot Israel in the year 2000 will be 16.7 millions of tons of 
oil equivalent, i.e., slightly twice the consumption of 1975. The mix 
of primary fuels to meet this consumption is still unclear and will be 
dictated by economic and technical factors. The method to be used for 
forecasting the optimal mix is a detailed study of technology on the 
production side together with a study of end uses at the consumption 
side. Forecasts of electricity consumption depend strongly on the 
parameter R , the ratio of electricity to non-electric energy. This 
in turn, depends on the price of electricity versus the price of non
electric energy and governmental policies that affect the prices and 
uses. At the present the only thing that can be done is to analyze the 
upper limit i.e. highest forecast of consumption. On the assumption 
that only nuclear power stations (1000 MW each) will be built in the 
future and considering the coal-fired plant at Hedera (1400 MW), only 
1000 MW production capacity will be operated using oil products in the 
year 2000. 

A maximum of three nuclear power plants will have to be built in 
Israel until the year 2000. If all the oil-fired stations will be 
retired, one additional nuclear station will be required. The possible 
evolution of the Israeli economy is shown in Fig. 13, 
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GNP (AT FIXED PRICES) 
AVERAGE ELECTRIC POWER 
EMPLOYED PERSONS 
TOTAL ENERGY 
INVESTMENTS (GDCF) 

0 l _ J 1 1 1 1 1 
1975 1980 1985 1990 1995 2000 

YEAR 

Fig. 13: The possible growth of the Israeli economy (upper limit) 
relative to the values for 1975 taken as 1. Values of 
investments (GDCF) are relative to GNP. 
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APPENDIX - ELECTRICITY FORECAST TO 1985 

On the basis of the relationships developed in Sec. 5, it is 
possible to forecast the basic values of the electricity system in 
Israel in the year 1985. (This is a digression from the long term 
forecasting and evolved as a by-product of the main work). The con
ceptual framework is based on the following assumptions: 

1. Population forecasts are derived by the official forecasts of 
the National Bureau of Statistics. 

2. In the relatively short space of less than ten years there will 
be no dramatic changes in the energy and electricity consumption 
patterns, in respect to the past. This assumption is justified 
for two main reasons: 

a) Petroleum will continue to be the most important primary 
energy source, although coal which is the only alternative 
in this period, will replace it at the Hedera power plant. 

b) Conservation will contribute to a reduction in the use of 
petroleum products, but not electricity. 

3. The development of the Israeli economy will be a continuation 
of past trends without major shifts in the importance of the 
different sectors. This assumption is justified by the fact 
that the structure of the economy Is already very similar to 
that of developed countries, especially in Europe. The main 
parameter that characterizes its evolution is then, the growth 
of GNP per capita. Historically (1950-1975) GNP per capita has 
grown 4.5% per year. This value is taken as an upper limit, 
and 0% per year is taken as a lower limit, with two intermediate 
values. 

It must be pointed out chat in the past the development 
of Israel was sustained by a high rate of gross domestic 
capital formation fuelled mainly by foreign capital. It is 
doubtful whether this will continue in the next ten years because: 
a) Capital is now more difficult to find in the industrial market. 
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b) The financial situation of thecstate will not permit a higher 
rate of external debits, 

4. The price of electricity will not change drastically as it is 
controlled by the government. It will follow the trends of the past 
and reflect the development of the economy. 

On the basis of the above assumptions 4 cases are developed 
in detail, two for low population increase (cases 1 and 2) and two 
for high population increase (cases 7 and 8). 

The results are summarized in the tables below and in Fig. Al. 

TABLE Al 
Demographic and economic forecast to the year 1985 

Case Population 
increase Total 

xlOOO 

GNP/Capita 
Average yearly 
increase % 

Absolute 
value (a) 

GNP 
Absolute 
value<b> 

Average 
yearly 
increase % 

1 
2 
3 
4 

low 
low 
high 
high 

4382 
4382 
4619 
4619 

0 
1.5 
3.0 
4,5 

7512 
8718 

10095 
11666 

32920 
38290 
46630 
53890 

2.3 
3.9 
6.0 
7.6 

1975 3458 7512 25967 

in IL (1970), 

in millions of IL (1970). 
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TABLE A2 
Economic activity, industrial revenues, and energy consumption 

in the year 1985 

Case G N P ( a ) Industrial Revenues Energy 
ktoe 

Energy+conservat ion 
ktoe Case G N P ( a ) 

Absol. value Aver, 
yearly 
Increase % 

Energy 
ktoe 

Energy+conservat ion 
ktoe 

1 
2 
7 
8 

32920 
38290 
46630 
53890 

19750 
22940 
27980 
32330 

2,1 
3.6 
5,7 
7.3 

8810 
10230 
12480 
14425 

6530 
/580 
9245 

10685 

1975 25967 16047 6951 

' 'in millions of IL (1970) 

TABLE A3 
Electricity consumption forecasts for the year 1985 in millions 

of kWh in the different sectors (household, public and commercial, 
agricultural villages, industry and water pumping). 

Case Household Public+Commer, Agric. Vill. Industry Water 
pumping 

Total 

1 
2 
7 
8 

2750 
3523 
4647 
5720 

1632 
1952 
2464 
2903 

440 
520 
635 
746 

3516 
4081 
4922 
5756 

1450 
1450 
1450 
1450 

9788 
11526 
14118 
16575 

1975/76 2355 1267 328 2928 1477 8355 
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TABLE A4 
The development of the electricity system until 1985 

Case Demand 
kWl(Kl06 

Production 
kWKxlO6 

Aver. 
Power 

m 

Max. 
Power 

Aver. Yearly 
Increase % 

1 9788 11,160 1274 1911 1.7 

2 11526 13,140 1500 J250 3.4 

7 14118 16,095 1837 2756 5.5 

8 16575 18,895 2157 3236 7.2 

The growth of the yearly maximum demand is shown in Fig. Al 
for the 4 different cases together with the forecasts of the 
I.E.C. 

Fig. Al: Four different forecasts for the yearly maximum demand 
of electricity in 1985 and two forecasts of the IEC 
(upper curves) 
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