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CHAPTER I 

CHARACTERISTICS AND PAST TRENDS OF ISRAEL'S ENERGY ECCNCKY 

Israel, with a population of 3.9 million and GNP of S17 billion is 

almost totally dependent on the import of crude oil for providing its energy 

requirements. Total energy- consumption in 1980 was about 8.2 million tons or 
oil equivalent (TOE). Domestic consumption excluding exports, marine banlcers 

and stock change will amount to 7 .4 million tons of oil equivalent. Local crude 

oil production provides 0.4 percent of the total; local natural gas provides 

another 0.7 percent; while so~~ energy utilized primarily for domestic water 

heating, contributes an estimated 1.2 percent ( 100,()(X) TOE). , 

Approximately 36 percent of primary energy is converted to electricity 

while the remainder is marketed as distillates and goes to ~dustrial and petro­

chemical fi:rms; residential, commercial and public users; agriculture and vater 

pumping; and transport, as shown in Table l. 

Table 1: Pattern of Gross Domestic Energy Consumotion - 1978 

(in percent) 

Electricity 

Industry (including petrochemical) 

Residential, commercial and public 

Agriculture and Water Supply 

Transport 

Losses (refineries & elec.generation) 

Oil and Gas 

36.o 

19.9 
14.9 
2.2 

19.6 

z.~ 
100.0 

Electrici JGY 

27.0 
43.0 
18.1 

11.2 
100.0 

:Energy; Consumption Characteristics in Israel 
' . 

Total 

29.8 

30.1 
8.8 

19.6 

11.7 

Ehergy intensiveness in Israel has not changed radically since 1960 although 

a slight increase of about 10 % has occurred with annual variations, reflecting 

economic performance (Fig. 1 ). An energy elasticity of GDP of about 1.1 is thus 

recorded, which suggests the industrial developnent stage the country has attained 

as can be seen in the following figures. 
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Electricity intensiveness however has increased significantly by about 

415% since the 1960's, making Israel a relatively high electrified country which 

reflects a long run electricity elasticity of 1.4 - 1.5 (Fig. 2). 

These trends of total energy and electricity growth rates per capita ar9 

higuighted even mo:r-e by the comparison presented in Fig. 3 which shows that 

per capita energy consumption bas doubled and electricity consumption almost 

tripled since 1960. 

Since oil still count§ for almost all primary energy resources, and 

~ost all of it is imported, the bu.rd.en 'Jn +.he Israeli economy has increased 

i.n recent years, particularly in 1979 and 1980, as can be seen from Figure 4. 

It is the question of market vulnerability coupled with these high costs 

to the economy that stimulate Israel and other highly oil import dependent 

countries, to search for options that would increase their energy utilization 

efficiency and break away from oil. 
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CHAPI'ER 2 

PROBLEMS AND PROSPECTS 

Israeli energy policies are based on the following facts: 

Israel's utmost dependency on the import of fuel, 

- 'Ihe relatively high component of fuel purchases 

on the spot market. 

The severe burden on the Israeli economy in financing 

these imports. 

The dichotomy of growth: the need for increased energy 

inputs against the necessity of reducing energy consumption. 

'Ihe lack of considerable reserves of foeail resources or 

significant quantities of techno-economic proven alter­

natives (hydroelectric power). 

'Ibe characteristics and structure of energy consumption: 

there is no dominant consuming sector, which does not enhance 

conservation efforts. 

In view of these severe problems and constraints, Israel is 

prudently focussing its national energy objectives on reducing oil imports. 

In order to reach these objectives, Israel is mobilizing its available resources 

the abundance of sun, the low calorific content fossil resources, the highly 

developed research and development infrastructure and the scientific inge-

nui ty of professionals at governmental, academic and industrial institutions. 

Israel has thus adopted the following policy: 

- Effective management of all systems through the introuction 

of conservation measures. 

Di versification of the energy mix by the introduction of 

coal in all future power generation plants and for energy 

intensive industrial users. 

Expansion of the use of solar and other renewable forms 

of energy (~ydroelectric, wind power etc. 

Research and development and commercial 

oil shales use. 

demonstration of 

- Intensification of oil and gas explorations. 

Israel is thus determined to adopt any available or developing 

technology as a substitute for oil to overcome the supply problems of the 

next t~cZ-nty years. 





SECTION II 

THE TP..AllSITI ON F~OH THE 

Er GHTIE3 TO THE END 

OF THE CENTURY 



CHAPTER 3 

PROJ'~TIONS - ECONOMIC - ENERGY SCENARIOS 

Since 1960, there have been three distinct kinds of annual growth rate5 

in energy consumption. A high rate of 9.'ll, between 1960-1967, an accelerated 

figure of 12.3% between 1967-1972 and a slow growth of about 2.8% between 

1972-1978. 

'lhese rates correspond with the pace of economic growth in the ccnmtr;·, 

and the impact of the oil crisis since 1973 (Fig. 5). 

Electri.ci ty generation increased by 11-1~ during the first two periods 

and by a lover figure ·of 5.5% between 1972-1978, which was still much more than 

the total energy growth in those 6 years; this reflected again the higher eleo­

tri.ci ty intensiveness and elasticity of the country. (Fig. 6) 

Since energy demand may be roughly assumed to be the product of popu­

lation, economic act~vity in terms of GDP and energy intensiveness, different 

projections have been made as regards the following parameters: 

Table 2: Basic Hypothesis on Projections 

Annual Population Growth Rate - 2.5~ 

. . . . 
Annual GDP per capita growth rate . Reasonable • Slow . • . ~ • 'd, . • 

. 1900 . 2000 • 1990 : . • • . . • . . . . . 
Energy elasticity of income or GDP . 1.1 • 0.9 . 1.3 . . . . . . . • : . . . 

. . • . 
Scenarios . I • . :n . . • . • • . 

_g_ 

2000 

1.1 



Figu!'e 5 ISRA[l tN[tCY COIISU141'TION n,TtOIIS u, TO TM[ 'l[Al 2000 
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Three secondary scenarios have been assumed: 

(lJ Basic scenario - corresponds with the above hypothesis. 

(2) Moderate energy scenario - the expected~ annual rise 

of real enorg_v prices above all other inputs will ~educe 

total expected basic demand by lq'h due to a price elasticity 

assumption of -0.3. 

(3) Low energy scenario - an additional lo% reduction in demand 

is expected due to the success of various conservation actions. 

Any combinati()n of the two last scenarios, may be realized by different .. 
weights in the respective components. 

The following energy and electricity demands have been projected on the 

basis of the above. 

Table 3: Energ-, Projections (!-~llion TOE) 

Year 1 Q"? ;_ ,, IV 1990 2000 

Secondar·~ 
. 

Scenario . . 
Scenari . 

Ba.sic 7.3 17.0 30.0 

I Moderate 15.3 27.0 . . 
Low 

. 13.8 . 24.3 . . 
. . 

Ba.sic 14.7 . 24.0 . . . . 
13.2 

. 21.6 II ~foderate . . . Low 12.0 . 19.5 . . . . . . . . . . 



Electricity projections are based on the expectation that Israel will 

increase its electricity intensiveness: 45~~- share of total primary energy re-

sources by 1990 and 50Jo by the year 2.000, estimated as follows: 

Table No.! 

Electricity Projections 

: • . # . . . Year . 1978 . 1990 . 2000 • • . . 
• : . . . . . 
: • . . . . . . . . . 

• . . . . • 1c9 1a9 1o9 : Secondary Million Million : Million Scenario . . . . . • 
Scenario TOE KWH TOE TOE KWH . • . . . : : . . • . . . . . . . . Basic : 2.67 . 11.4 . 7.6 : 31.7 . 15 . 62.5 . . . . . . . . . . . . I Moderate . 6.9 . 28.8 . 

13.5 . 56.3 . . : . . . . . . . . . . . . 
I Low . 6.2 . 25.8 . 12.15 . 50.0 . . . . • . . . . . . : . . . . . . . . . . . II Basic . : . 6.6 . 27.5 . 12.0 • 50.0 . . . . . . 

: . . . • Moderate . 5.9 . 24.6 . 10.8 . 45.0 . : . . . : . . . . . . . . 
Low 5.4 . 22.5 . 9.75 . 40.6 . • . 

The above projections imply that in 1990 energy demand will total 1.6 - 2.3 
times the 1976 consumption, and in the year 2000 between 2.3 - 4.1 times. 

Electricity- is e~ected to grow 2.0 - 2.8 times by 1990 as compared with 

1978 consumption while in the year 2000 the demand will be 3.5 - 5.5 times the 

1978 figures. 

- 1 '? -



CHAPI'ER 4 
THE OPI'IOO'S - REllJCING OIL DEPENDFllCY 

How are we going to supply this demand? What are the prospects of 

reducing oil consumption subject to these scenarios? What are the options for 

providing this projected energy needs adequately, reliably and at minimum cost? 

How should we act to overcome prospective socio-economic stci.gnation 

and reduce geo-political insecurity? 

Cb the demand level we may distinguish two major directions: 

- A national and economic efficient price policy. 

- An aggressive yet cautious conservation policy. 

A pricing system which charges consumers the real costs provides the 

best way for efficient allocation of energy resources. It esta:,lishes the correct 

criterion for making beneficial investments while providing the public 'With the 

right signals for their future consumption pattern. Even with relative low, 

short-term and sanewhat higher, long-term price elasticity of demand, the chances 

a.re that at the current high level prices, waste will be eliminated, inefficiency 

in use decreased and total consumption growth reduced. 

'!he government is currently determined to follow as closely as possible 

this policy, Price equals real cost. 

Electricity pe_ak load and shadow pricing in the oil products sector 

respectively are currently becoming important components of energy pricing policy 

in Israel. 

'!he introduction ofi long-term social overhead costs accounting for risk 

aversion as well as enviroruiental costs will P,moothen or levelize the pricing 

trend, thus providing the ponsistency to sa.teguard. the economy. _ 

Currently a di reef ve of a 37: 7 51 real annual price increase of oil 

above all other inputs' cost is practiced in Israel to account for future prospects 

in investment• 

- 13 -



Demand Level - Conservation Policy -------------------
Secondly, an aggressive conservation policy should be adopted to promote 

and enforce efficient use of energy where pricing measures do not sufficiently 

affect consumer behavior. 'lhese conservation steps should be directed towards the: 

public sector; 

- price regulated industries; 

cases 'Nhere private benefits from savings do not coincide with 

social benefits; 

cases where capital outlays for energy saving means competition vi th 

other government backed investments. 

Yet such a policy should be conducted with the utmost caution, to avoid 

misallocation of funds, and the int:roduction of additional distortions in a highly 

regulated, complicated economy. It is most important not to augment the public 

sector budget, the major cause of the imbalance between resources and uses in 

the Israeli economy. 

Energy conservation efforts are followed mainly in three directions: 

A most vigorous program to accelerate the spread of solar energy 

for domestic and industrial use. 

'nle technological promotion of the use of waste heat 

in industry. 

Initiated training to eliminate waste in all forms of domestic, 

industrial and public utilization, by the introduction et tech­

nological improvements and conservation awareness. 

Conversion to non-oil uses, wheNver possible and 

economically justified. 

Demand management has intrinsic uncertainties, direct conservation means 

are plagued by the unreliability inherent in mass behavior. 'lhus the activities 

should be highly selective and concentrate on: 

- 14 -



Regulating and standardizing energy-saving products, 

building codes, etc. 

Providing incentives for demonstration, plants and 

pilot projects. 

Disseminating technical and financial infonaation about 

the saving options available in any of the production 

processes or consumption practices. 

(Fior specific conservation measures see chapter 7) 

Suppl v Level - Diversification Policv 

Diversification policy implies the use of coal as a ~ear-term subs-.. 
titute for oil in future power plants, as well as the introduction of nuclear 

power stations, oil explor~tion, the use of solar and other renewable energy 

forms, oil shale, bio-gas and geothermal energy, as long-term substitutes. 

All these sources are discussed elsewhere. 

Figure 7 sum~rizes all these options in the form of an action tree. 

- 1c -



Improvement and computerization of the loading program of 

power generating units. 

Reducing the specific fuel consumption of genGratinG units 

by introducing new operational parameters, such· as higher steam 

pressures and temperatures and lower flue-gas exit temperatures. 

The somewhat higher Wl'ar a...>1i tear involved , causing increased 

maintenance expense, has been well compensated by the savings. 

Close supervision and stri~t control of operational parameters, 

which requires high alertness on the part of the station 

operators and technical personnel. 

Introducing incentive pay programs for operation and main­

tenance personnel based on those factors in order to enhance 

economic operation of the power stations. 

'!be changes in operating procedures and design policy introduced after 

October 1973 had tangible effects. The amount of fuel used for the production 

of a kWh has dropped due to the more efficient use of available equipment. 

Moreover, a higher reliabili t,v of supply gas ha.£ been obtained due to 1b.a extra 

overall availability of the equipment achieved under the new maintenance policy. 

D..iring the period 1975/6-1976/7 * the specific fuel oil coasumption has 

decreased from 244.4 grams ~~r kWh to 241.9 grams per kWh. Thus, a reduction 

of 2.5 grams per kWh has resulted in a saving of about 25,000 tons of fuel oil. 

Eilergy; Conservation and Oil Saving on the Consumer Side 

The ~tandard power factor of the electricity consumers has 

been inc~ased to 0.92. The results obtained so far are very 

encouraging· showing considerable energ;:r savings and improvement 

of the operational behaviour Qf the system. 

A program is being prepared. td.substi tute a significant amount 

of the fuel oil burned in inQustry by coal. 

* No new unit was added to tnel sr5tem in 1975/6-1976/7. 

- l. 



- Assuming that by 1986/7 all water heating will be achieved 

by solar energy, a total saving of about 500x106 kWh can be 

attained, which is equivalent to 120x103 tons of fuel oil. 

However, as solar heaters replace electric heaters which a.re 

operated at off-peak hours, a degradation of the system load 

factor and the base load unit plant factors is expected. Moreover, 

on cloudy days the electrical bac~up of solar water heaters 

will increase the winter peak thus lowering the reliability of 

supply and increasing fuel oil consumption for peaking unit■• These 

drawbacks of solar heating can partly be overcome by load management 

measures. 

Di versification of Energy Resources ( see elsewhere ) 

Coal (see under coal) -
Nuclear Ellerey ( see elsewhere ) 

- Mediterranean - Dead Sea Project (see elsewhere) 

- Pumped Storage 

The Israel Electric Corp. has undertaken surveys of potential sites. 

Three possible sites have been indicated on the shores of Lake Galilee. A pre­

liminary estimate would suggest a power station comprising 2x.150 MW. 

The pumped storage system is envisaged after the commissioning of 

nuclear units. It has been calculated that 213 million kWh can be produced per 

year at a rate of 300 MW, with an overall efficiency of 78'{;,. The construction 

will take 7 years and it will cost $1000/KW. 

year. 

This plant could replace the equivalent of 59,000 tons of fuel oil per 

Low Heating Value Fossil Fuels 

- Lignite (see under lignite) 

Oil shales · (see under shale) 

19 -
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The Generation Expansion Plan for the Years 1980.:.2000 

Talcing into account the available energy sources for electricity 

generation, the following assumptions have been made: 

Fuel oil is not to be used for base load. electricity 

generation. 

AB nuclear power will not be available before the nineties, 

the base load. should be supplied by coal fired power 

plants till then. 

Peak load. power will be generated by hydro-electric 

plant ,-;~never feasible, gas turbines and combined 

cycle uni;ts. 

The generation expansion plan, based on the above assumptions and on 

IJOC's official, low alternative demand forecast leads to the results shown in 

Figs. 8 and 9 an~ the following conclusions: 

Were IEC to depend on fuel oil as the whole energy source, the 

fuel oil consumption would increase from less than 3 million 

tons in 1978/9 to over 14 million tons in the year 2000. 

According to the present expansion plan, the demand for fuel oil 

will decrease rapidly, at a rate of about 5.6% per year, reaching 

1 million tons in·the year 2000. 

'!be successful execution of the expansion plan will enable a con­

sideraLle decrease in the dependence on fuel oil consumption accompanied by 

3igni ficant econo;::ii c benefits. 

'!be reduc"tion of IEC'Ll dependence on fuel oil is !tlM>fm in figure 9. 
'Ihe cumulative (1979/80 equivalent) qua.nti ties of :fuel oil substituted by coal 

will total 7.5, 21 and 59 million tons in the years 1985/6, 1990/91 and 

2000/2001 respectively. 

'!he Shift to Electric Energy 

Apa.rt from the consideration that electric energy is the main method 

tor significant utilization of alternative energy sources, there are other factors 

in favor of its broad.er use, namely: 



Ecological consideration;encouraging the use of electric energy 

in highly populated areas. 

Technological development,; allowing controlled automatic and 

efficient processes in the use of electric energy. 

If the national goal is to speed up the reduction of the dependence 

on oil, an intensive shift to electric energ,/ is mandatory. 

'!be major areas where electrical substitution for oil and 'gas seems 

possible are: 
. . . . . 

Transportation (passenger cars, trains, industrial vehicles.) 

Space heating (heat pumps) 

Process steam (combined electricity - steam generation) 

Direct heat 

Cooking 

A thorough investigation should be carried out in all energy 

sectors in order to detennine their potential shift into eleo­

tricity. 

In each case, the economic and technical feasibility, and the 

suitable timing of such a shi:t, should be studied. 

The forecasts for electricity demand should be modified to account 

for the additional potential, so that the generation expansion can 

meet the requirements. 
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CHA~ 6 

:IA ... "::/.KET FORCES - P~ICING POLICIES 

Prices of ener~r products and ser"J'ices should reflect the real economic 

marginal cost to the econom~:, in order to ensure efficient allocation and con­

sumption. 

The !,!:inistr,r of Energy considers the market mechanism as a major means for 

the efficient use of enerQ" and conser·.ration efforts in the country. For this 

purpose a modified price syster:i is currentl~- under consideration in order that 

prices to the consumer will reflect marginal costs. Even if the objective of 

identity between prices and costs cannot be achieved completely, it is absolutely 

necessary to adopt as fa:- as possible the relative prices of energy- products in 

relation to their marginal costs. 

Over the whole period. from 1972 to the end of 1980, the burden of the 

increasing costs of imported oil to the countrr has not been fully transferred to 

the consumer. However, in the last h!I) .~rears, the objective of full transfer has 

been largely achieved, as can be seen from the following table: 

Real Price Increases of Oil Products, 

Zlectricitv and Crude Oil 

Weighted average of real price annual in~rease 

for all oil products 

\foighted average of real price annual increase 

for electrici t.:r 

Annual price (c.I.F.) increase of imported 

crude oil 26.8 

31/12/1978 
31/1'j/1980 

/0 

24.5 

19.0 

34.0 

While the concept of price eq-.1als cost has merits for economic efficiency, 

it ma:: present proble:ris with ::-espect to the income distribution of the population, 

and the impact on the cons'I.L.der price index. On the other hand, the sensitivity of 

the industrial consu.~ers to priees is reduced due to the tax regulations which do not 

give enough credit to conservation efforts. All these become impediments in 

realizing the potential benefits of sue:: a p!'ice policy. 
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However, even with these problems the price iequals fOBts policy- is 

currently being implemented. 

Electricity rates are in the process of adjustment to renect not only ccmplete 

coverage of costs, but also the pattern. of loading that the consumer imposes on 

the system. The iime of day, tariff system ( on peak load pricing) together vi th load 

man~ent practices may cause significant changes in the consumption patterns, 

improve the electricity system load factor, ''share o_ff" peaks and consequently 

save energy and reduce the capital and operational costs of the system. 

Likewise. marginal costing.for oil products is under preliminary in­

vestigation ei:tployi.ng mathematical optimization techniques tor joint production. 

'Ihese principles of pricing policies 1n·the energy f'ield should al.ways 

be subject to the general lines of economic poliC"J- and the determination of the 

political. level to implement them. 



Legal Action 

RmJLATims AND mCENTIVES 

~IFIC CC!iSERVATICJl POLICIES 

In January 1977 the Knesset adopted the National Energy Authority Act, 

which gives a broad base for regulating energy activities in all sectors of the 

economy. Nev regulations and legislation are currently being introduced. Some 

of the~_~lt,l'e listed below: 

... -·- Mandatory use ff solar energy for water heating in all 

new homes. 

Mandatory metering of hot water in all new apartment 

b.ouses (all cold water is metered). 

Th:panding the use of diesel engines for most commercial 

vehicles. {currently, the use of diesel engine is restricted 

to buses, ta.rl cabs and heavy trucks only.) 

Mandatory automobile engine tune-up; t'Wice a year. 

- Increasing local taxes on large, heavy gasoline consuming 

ca.rs, to promote the use of smaller and economic vehicles. 

Requirement to maintain water pumping uni ts efficiency 

above a specified level. 

·• Reducing lo~al taxes on energ'f-saving devices. 

Several new laws and regulations relate specifically to conservation 

in the industrial sector. These include: 

- Requirement to maintain industrial boilers thermal efficiency 

aboft a specified level. 

Mandatory preparation of annual energy audit on all industrial 

plants consuming above 50 tons of oil or 100.000 kilowatt tons 

per month. 

~ Capital investment in energy saving measures will be recognized 

as eligible for special concessions awarded under the La.w for the 

Encovagement of Capital Investments in Israel and the Lav for 

the Encouragement of Industry. 

GoveI_"ZlDlent approval of investments in new, or the expansion of 

eristing, industrial plants will be conditional upon the efficient 

use of energy. 
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- Government approval of price increases or controlled product■ 

will be conditional upon the presentation or energy audit ad 

the efficient use of energy in the applicant's plant. 

Incentives 

Incentives and financial assistance are provided.· tor: 

Demonstration projects of an innovative nature 

La.rge or communal solar water heating projects 

Potential energy saving surveys for industrial plants. aong 
the demonstration projects are: 

Solar water heating in swimming pools, and sport institution•• 

- Solar pre-heating of feeder water for steam boilers in the 

te:rtile industry, hatcheries and laundries. 

- Solar water _!ieating in hotels. 

- Solar drying of spices. 

Passivesolar utilization in hothouses. 

- Waste heat utilization to generate electricity in the 

refineries and chemical industries. 

Financial assistance is provided at the rate of le$ of total iaftriaenta 

for centralized solar water heating systems in large apartment houses, ~ 

participation in the demonstration projects, and 15% grants or 4-o,( - 50'fo loans 

during 6 - 10 years for the production of energy conservation measures in industrial 

plants, following feasibility surveys which are financed by the Ministry at 50,, 
of the expenses. 

Informatiot1 and Training 

A major part of conservation activity is carried ou.t by: 

Provision of technological information through the maas 

'media and pubI'l.shing of printed matter for technical ataf'f'. · · 

- The establishment of advisocy bureaux for indi vi.duals in the· 

a.z:.ea of home li'eating and indu,try to increase the efficienc:t 

of ~nergy us~ 

Ope,:tation of Jmobile teams to .namine the efficiency of st.am 

boil~rs and· improve the ~~oi tation of water pump stationa. 

- Introduction of a person r-esponsible for energy in factories, 

institutions, offices etc. for the purpose of follow-up an4 

improvement in energy use. 



Introduction of energy conservation as a study subject in 

the xhool curriculu.m. 

It is expected that following these direct measures and the impact 

of the pricing policy, within 10 years we may realize the following savings, as 

ccnpared vi.th a "business as usual" attitude. 

Expected Percentage 
Savinf 
(MTOE 

Savings 
% 

Industry 500 - 600 13 - 17 

.Agri.culture and Water Pumping 100 - 140 10- 15 

Residential, Comnercial and Public 400 - 600 12 - 16 

Transportation 200 - 250 15 - 20 

Energy Sector 175 - 250 5 - 7 

T o t a 1 1375 -1840 9 - 13 

With an energy elasticity of 1.1 in Israel, a reduction to an elasticity of 

o. 7 - o. 9 wi. thin the next 20 :years should be attainable. 
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CRAPrEH 8 

OIL :EXPLORATICE - THE ma CHAIJ.fflGE 

In the framework of the efforts to get away- f'rom absolute dependence 

on imported energy sources, there has to be a concentrated professional and 

financial effort to explore for oil in Is~ael that would make the prospect of finding 

oil in the country reasonably certain. 

Oil exploration has been going on for 30 years. So far 288 drills 

have been carried out including 1(1_5 experimental and production bores in the 

Heletz and Zohar areas and 183 exploration drills. (excluding Sinai). 

So far oil exploration has yielded three relatively small discoveries 

of oil and gas, the main one being the Heletz field, from which 16 million barrels 

have been extracted and the ga.z field at Zohar. Geophysical data, geological. 

surveys and findings from drills carried out in Israel have provided a picture 

that indicates a good prospect of discovering oil and gas. 

As far back as 1962, the unofficial report estimated that there were 

reserves of between 500 and 2000 million of barrels of oil in the co1mtry. 

Another report carried out in 197 3 confirmed these estimates. 

The above evaluations were recently reinforced by two further estimates 

of Israel's oil potential which concluded that Israel's oil and hydroca.rbonates 

reserves totalled 330 million barrels on land (excluding the Dead Sea area.. 

Fran the geological point of view, the Dead Sea basin is 1mique and the oil 

reserves there are tentatively estimated at several hundred million barrels more). 

Che of these estimates was carried out by oil and geological experts led 

by the well-knolm American geologist James Wilson. The other work was carried 

out by the u.s. Company Neptune, which acted as a contractor for oil searches 

and extraction in South Sinai. These parties re-evaluated all existing data 

in Israel concerning oil exploration. There was also a revaluation of the data fx-oa 

the point of view of the prospects of maintainir1g economic oil and gas reservoirs 

in Israel. 
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In the wake of government decisions in 1975, oil exploration work was 

intensified, with the stress being placed on searches in the Gulf of Suez area 

in the Sinai. As a result the Alma field in SoutJ Sinai was discovered and 

developed. When it was handed over to the Egyptibs, it was producing about 

40 thousand barrels of oil a day, about 2~ of Israel's ,oil consumption. Other 

exploration work was focused on the coastal plain and as a result gas fields 

were detected at Sadot. and Shikma and indications of oil and gas at Gan Yavneh 

and Ashdod. Similarly, a number of initial searches were carried out in the 

Mediterranean continental shel:'f. These discoveries, not all of which were checked 

or developed, still indicate prospects of finding this important source of energy­

in the country's soil. 

Policy Guidelines 

a) Oil eXploration in Israel during the next 4 or 5 years is starting 

to be recognized as a nctional project to boost the financial., 

technological, professional and human infrastructure. 

b) Fast implementatior. o~ a comprehensive oil exploration program 

that includes the whole coastal area particularly the southe?".?1 

coastal zone and the Dead Sea basin. 

c) Or. the background of this approach, the necessary bud.gets for 

carrying out a multi-annual plan will be assured at the rate 

of about 20 - 25 drills a year at an overall annual investment of 

30 - 35 million dollars during the next four to five yea.rs. 

d) Development of scientific, management, financial, and organiza­

tional tools for processing current data, extension and updating 

of geological and geophysical data i,: :-:ell as repeated and current 

checks of the estimated p·otential for finding oil sources in the 

country. 
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CHAPI'ER 9 
1\ 

COAL THE INTER.~IATE SOLUTION 

Israel, a country without domestic coal resources, is detenni~ed to 

convert its electricity generation and some industrial production processes, 

from f'uel oil to coal because of its anticipated higher dependability, lower 

purchase prices per unit energy input, and the diversification objective of 

primary energy supplies. 

Following the October 1973 war, Israel Electric Corp. initiated 

thorough examinations of all the aspects involved in using coal for electricity 

generation in Israel. As coal technology has not been used so far in the 

country, it was necessary to study very carefully all the implications. 

The 1981 will mark the beginning of the coal era in Israel, with the 

operation of the first of four generating uni ts of 350 M. w. at the new Hadera 

power station. This will be followed by the use of coal in industrial pro­

duction processes, initially in the cement industry. 

CUrrently, it is planned to use about 9-10 million tons of coal b:{ 

the end of the decade according to the following time schedule: 

Year 

Coal 
use 

1961 

500 

1932 

1200 

1934 
3300 

12§.7. 

6000 

1990 

9000 

(1000 tons) 

Share of 
electri­
city of 
total coal 
consumption 

(%) 

80 77 83 82 80 
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'Ihe conversion to coal program is thus conceived along the following 

lines of action. 

- Implementation of the development program of the electric power 
I 

sector based solely on coal-fired generation stations within this 

decade. This conversion will follow a: dual technology of coal. and 

f'uel oil so as to secure maximum flexibility as a response to the 

changing conditions of the world oil and coal. markets. 

In 1985 the coal.-fired M.D. power station will be able to 

provide a net capacity of 1400 MW, thus achieving a signi­

ficant reduction of the dependence on fuel oil, as about 45% 

of the electric energy will be generated from coal. 

- Initiation of cogeneration-regional combined heat and power 

stations. which will burn coal and save 15 - 20fi, of the direct 

fuel inputs in industrial plants. In this way, another 300,000 

tons of oil used directly in industry will be substituted by coal.. 

- Promotion of gradual conversion to coal of industrial factories, 

first the more energy intensive ones - the cement, potash and 

phosphates industries and later on medium-sized plants. The ex­

pansion of the usage of coal in industry, subject to strict en­

vironmental control, is nothing but the fast implementation of the 

required infrastructure - inland transportation, technological. 

know-how, and managerial skills - which makes coal a feasible 

energy source for its potential users. The amount of coal in in­

dustrial use in 1990 may reach about 1 million tons. 

- Adaptation of proven coal technologies which are available els&­

'Where and can be employed in the country subject to a relatively 

short per-i od of study and training. These technologies include the 

introduction of medium and small size boilers for steam generation, 

a coal-oil mixture as an option for expansion of coal usage in modi­

fied oil-fired power generation units, and coal slurry technologies 

for the transportation of coal by pipes. 
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FinallY, establishing a research and developnent program for the 

liquification and gasification of coal in order to introduce future 

technologies of coal utilization for additional expansion in the 

next decade. 

Coal is the immediate option for Israel and will remain the major 

substitute for oil, on an interim basis, as long as nuclear power does not 

materialize and new and renewable resources are not technologically available 

and economically feasible. 

Low quality lignite is available in the Hula valley below the surface, 

under a top layer of peat, which is younger than lignite and contains much more 

water in it. Peat also has a low fuel content. 

Li -n i -i. r: was first fou."ld in drills carried out in 1952. Since then, 

several proposals have been made to examine its fuel possibilities, but it was 

only in the mid-seventies that it was decided to check the potential economic 

and technological exploitation of lignite. Three drills were carried out in the 

Hula valley in 1976 and in the wake of the findings a team was entrusted with 

the task of preparing a preliminar-J evaluation of the potential for establishing 

a power plant run on lignite. 

Tne geological reserves are estimated at 500 million tons and the mineable 

quantity of lignite at about 440 million tons. The ratio between the amount of 

unusable material and the lignite is 1: 3.22. A power plant based on lignite 

would contain three 200 megawatt units and use up ten million tons of the brown 

coal during 5, (X)() operating hou:-s annually. In 30 years of operation, about 

305 million tons of lignite would be consumed. The net electricity output during 

the 5, CXX) ho-..u-s of operation annually would be 2. 705 x 1dJ per kilowatt hour. 

Investment in the Hula lignite project would amount to $1 billion and 

the average production costs per kilowatt hour are 6o% higher than in a coal-fired 

plant• A significantly real increase in the cost of coal of J'/o or more per annum 

during the lifetime of the project would influ~nce its feasibility and attain 

the economic break-even point. 

The first unit could be int:-oduced in the early 1990's,if the fuel prices 

justify the project and if ecological and cooling water problems are solved in 

the meantime. 



CHAPI'ER 10 

NUCLEA..~ ENERGY - A PROBLEMATIC NECESSITY 

Nuclear power is conceived as a major part of the program for di ve:r-­

sification of energy resources. Nuclear energy will be one of the components 

of the "energy basket" of Israel starting in the middle of the nerl decade. 

Nuclear energy is not new in Israel, since a prina.r.y technological 

infrastructure has already been developed at the I.E.c. and the Atomic Energy 

Commission. However, it is necessary to update the expertise available in the 

country and the assessments involved in the introduction of nuclear power 

stations in Israel. 

'fue polic;r of the Ministry and like agencies is based on the following 

principles: 

1) The preparation of an appropriate structure of manpower and know-

how by use of the existing frameworks such as the Electric Corporation and 

Atomic Energy Commission and the creation of joint or new set-ups. 

2) The preparation of physical conditions by laying the gro\llldwork 

of power plant sites including solutions for appropriate cooling means and 

study of the wlnerabili t:r of unprotected atomic plants and their influence on 

the population. 

3) 'Ihe preparation of an infrastructure for nuclear :f'uel, the ex-

traction of ura.."l.ium from phosphates and production of :f'uel rocks. The Ministry 

is also aiming at developing safe sources of nuclear fuels. 

4) The installation of plants in the framework of electricity production 

systems will be based on the use of proven technologies, b--J purchasing or adai>-

ting existing plans. The policy aims at involving Israeli planners in the work 

with maximum involvement in the production of components and systems. 
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5) In the short and ced.iurn run, nuclear energy cannot serve as a 

supplier of electricity for the Israeli grid, mainly because of the long time 

it takes to build a nuclear power plant (10 to 12 years). lliring the next 

10 years, there will be a need to deepen the infrastructure and decide on 

further preparation for the introduction of nuclear plants. However, it is 

still planned that by the middle of the next decade, the first nuclear 'lmit 

of 900 MW will be operating. 

6) Other energr sources with a large-scale potential utilization 

for the beginning of the next century are the breeder and fission reactors. 

- )$ -
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S3CTI01l 7 
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INTROWCTION - THE RATIONALE FOR AN INTEl:3rvE R & D PROGRAM 

It is unlikely that R & Din alternative energy resources, can solve 

the problem of energy supply completely. But there is no doubt that a proper 

R & D policy can help in furthering five national energy goals: 

a. Creation of indigenous energy sources that will substantially reduce 

dependence on imports. 

b. Introduction of sufficient flexibility in the national energy system 

to allow the use of alternative resources. 

c. Development of high professional capability to allow the proper selection 

and cooperation of new technologies developed elsewhere. 

d. Development of processes and equip~ent to facilitate entrance into the 

expanding world energy market. 

e. Minimization of environmental da.'lla.ge. 

The R & D projects a..~d the allocations of manpower and budgets are 

examined in relation to the following criteria: 

a. A substantial potential contribution to the national energy 

balance. (Larger potential contribution will carry higher 

preference). 

b. Compatibility with Israeli technical, economical, organizational 

and industrial capabilities. 

c. 'Ille measure of innovation. 

Perhaps as compensation for the lack: of indigenous fuels, Israel is 

endowed with plenty of sunshine. 

among the highest in the world. 

'2'1e average solar insulation over Israel ranks 

Thi~ probably supplied the early drive for 

research, development and applicatio~ of solar energy • 
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CHAPI'rn 11 

HYDRO-ELECTRIC POHER 

A. The Medi terra."l~an Dead Sea Canal 

Historic Background and Physical. Considerations 

Some 1,200 M cubic meters per year of sweet water, used to be fed into 

the ~ad Sea by the Jordan River system, prior to the pumping of water from -t'1e 

Sea of Oalillee into the Jordan-Negev pipeline, the diversion of the Yarmukh 

waters into the Chor canal (in the Hashemi te Kingdom of Jordan), and the ex­

tensive agricultural. development of the Jordan Valley itself. Nowadays, the 

,19arly inflow has been reduced to some 25% of that amount, and this way be 

fllrther cut do,m to 150-200 M m3 p.a., if and when the Jordanian Maqarein 

Hi1~ Dam is built. The level of the Dead Sea has thus dropped from about -3~ 3 
ae .ers below "Sea Level") to approximately -402 m., and may reach -410 m. by 

19]0. 

Econanic Considerations 

A detailed. economic analysis h~ shown that a hydro-electric power project, 

baaed on a sea-water 35-50 m3 / sec canal from the Mediterranean to the Dead Sea, 

utilizing that 400 meters difference in levels between the two seas and making 

full use of the evaporation capacity of the Dead Sea surface - would be econo-
,. 

mically justified and physically feasible. This conclusion holds good for 

several routes and in various versions. 'lhe direct energy benefits are the 

installation of some 600 MW, applied at peak load - an especially suitable role 

for hydroelectric power stations. 

In addition, there may be several attractive secondary benefits, parti­

cularly as regards the Southern {Qatif-1.!assada) route. These would considerably 

enhance the overall profitability of the project. 

The. conclusions with respect to the hydro-electric project itself are 

based on an estimate of $ 497 M to S 946 .6 M overall capitalized benefits in fuel 

savings, in the various versions, and an additional $306 M through economics in 

projected constructior. (all sums capitalized at 6% to Jan. 1, 1990). Fuel savings 

are estimated over a 50 year period, but would accrue mainly in the first 20 years. 

An increase of 1-3% per annum (in real terms) has been assumed in the price of all t\lel 



categories, in excess of the Jan.l, 1980 prices of$ 290/ton for jet fuel, 

$160/ton for heaV"J oil and 3MJ/ton for coal. Total investments are estimated 

between S 583 !,i and $ 685 I-1 depending on the choice of route. The scheme is 

planned to produce 1220 million kvfa/~rear at a. rate of 546 MW during the first 

12 years and 725 million kWh year at a rate of 337 J:IW afterwards. The construction 

will talce 8 years and the capital cost total $1,200/KW. 

The earliest possible year of e,-;ploi tation is 1990. 'Ihis plan would save 

the equivalent of 300,000 tons per year during the first 12 years and 175,000 

tons of fuel oil in the following period. ?.le SCIC is having these figures re­

examined by international experts. 

Routes 

Ini ti all~r, a variety of routes ·.~::. ~. ·-::':Si~'..: :-~C , ir.cl "J.':.ir.~ c:. co!'ldui -t O!"i­

ginating in the ?ei. Sea. Several scher.ies (including the latter) were eliminated 

for economic and other considerations. :.!ore detailed studies have centered 

upon the following: 

A Northern route, through t::e Jezreel and Jordan Valley, including 

the truncated version, consistin; of a Jezreel canal and the chan­

neling of the sea water to the Dead Sea through the Jordan River 

bed. 

A Southern route involving a canal-tunnel combination, from Qatif 

to Massad.a. or from Ziqim to i-Iassad.a if the Gaza area is bypassed. 

The economic analysis is based '..lpor! a dynamic model of future power 

generation in Israel, developed b:: th~ Is!'ael Electric Corporation Project Working 

Group (PWG) under a r,Iinistry of Energy contract. The PGH has also graded the 

alternative routes and versions econornicall:v. 'lbe ~atif-Massada plan takes first 

place at an estimated investment of e 550 :.; at 1977 prices ( or $ 665 M at 1980 prices). 

It is therefore proposed to focus, at this stag-e, upon the southern 

route by further studies and more advanced plan."1.ing, unless unexpected technical 

difficulties or new factors arise. 'fue final rep01"t will include more definitive 

re oommendat ions. 
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Solar Energy; from the Dead Sea 

The develoJX!lent of electrical energy production in solar ponds in Israel 

opens up the possibility of utilizing all the Mediterranean water supplied by 

the canal to generate up to 1500 MW of Solar Energy, thus e:xploi ting the Dead 

Sea as a "Solar Lake". '!his possibility depends upon the results of further 

R & D, relating to the develoJX!lent of large (2.5 1an2 ) ponds, as compared with 

the existing ones (o.ror km2 ). Solar Ponds require for their operation a 1-2 

meters upper layer of less dense water, and the ::Plar lake project is conditional 

upon the cutting of an Intersea.s canal. 

Cooling of Thermal (Nuclear or other) Power Stations 
I. 

The impossibility of building ne,-: sites for thermal power stations 

a.long the Medi terranea.n coastline (where all present uni ts are situated) has 

created an interest in prospective inland sites, involving the pumping up of 

some 35-40 m3/sec. per 1000 MW for cooling purposes. The IiiediterraneaJf Dead Sea 

canal could thus provide important savings and much simplification, in the next 

stages of the country's energy d.evelopment program, should the si tinb involve 

the North-Western Negev. This region is especially suitable for nuclear power 

stations, due to safety considerations. 

Importance of the Project for. Israel's Energy Proqa'!I 

It is thus possible that some 3,000 ffl'l of future installed power will 

depend on, or be strongly coupled with the canal. Supply in the year 2000 i·s 

expected to reach a figure of 10,000 :.n,· a.s co:npared with the present 2,600 MW. 

We are thus dealing with some 3q-; of Israel's installed power capacity in the 

not-too distant future (20-30 years fror::i now). 

Effect on the Dead Sea (Potash) Works 

Dilution of the highly concentrated soft water in the Dead Sea by the 

inflowing sea water from the Uedi terranean may lead after some years of operation 

to a slight reduction in the output of the existing potash plant. SUch a decrease 

might only occur if complete mingling of the two kinds of water should take place 

throughout the full depth of the Dead Sea. - an extremely m1likely eventuality 

that would anyway have to be prevented in implementing the solar-lake pro·ject. 

The upper limit of such a temporary production loss is estimated at some 300,CX>O 

tons of potash per -:-illio::, which acounts to about 15~ of the present annual pro­

duction, or about $ 20 i,! p.a. (at 19o0 prices). 



Should the miring take place as conjectured in a relatively thin 

upper 18J'8r only, ver-J sicple technological solutions for prevention losses 

coule be applied, e.g. drawing quasi-original and "normall:r" concentrated 

Dead Sea water for the potash plant frcr.:i a greater depth (in the norther. 

part of the Dead Sea). 

The Committee has initiated an appropriate research program and a 

more precise evaluation ma·• be a.rail able in the final !'eport. 

Long-Term Investigations 

Some investigations ma7 take years years to complete owing to the 

long-tenn nature of their data collection and interpretation. An example is 

provided by the "i·mi tening phen1Jl!lena." tl:at mieht occur through the 

precipitation of g:rpsuc in the Jead Sea as a result cf the inflow of 

\fedi terranean water. Other ex~ples ir. clud.e studies of evaporation rates 

and the stratification of the Dead Sea~ effects of n 1-trients contained in 

Mediterranean water on biolo~cal p=-ocesses in the I~ad Sea, etc. It is 

assumed that the results of most of tl:ese studies will become available in 

1982. 

~ablishing a New Stead.-- Level for the Dead Sea 

Toe final level at •.;hi ch the Dead Sea will reach its quasi-ste~ 

state (ir the year 2010) has been tentati vel"? set at -393 m below sea level 

to suit ·~he crest levels of the dykes of the Israeli Dead Sea Works, now 

in the process of beins raised to -391.;) :-!!. A further rise is planned in 

about 20 years time. The grour.d level of the production plant proper lies 

'bt!tween -388 m and -389 .m. 
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It is possible that the rate at wmch the Jordanian Potash Works dykes 

will be raised will force a 5-10 years delay in attaining the final (steady­

state) level of -393 m. This should not seriousl~r affect the economics of the 

project. The Committee has also examined the possibilitv of adopting a steady­

state level of -400 m, for the sake of economic comparison. This level might 

be prolonged, if progress in the normal operation of the Jordanian plant should 

come to a stop at an early st'3.g'e, a rather implausible eventuality. 

Future Jordanian Co-operation 

The above-mentioned S-10 ;rears dela~_. in reaching the -393 m may be 

obviated should the Jorda.."l.ia.n Potash 1fo::--k:s be willing to raise their dykes earlier. 

A proposal for a Binational Park along the Jordan river provides for the 

development of the unique fauna and. flare! of the deeper Jordan Fiver valley, with 

extensive touristic, ecological, scientific ar,d historical programs, in addition 

to co-ordinated agricultural developr:ient on both banks. 

With Jordanian co-operatior. it should also become possible to undertake 

in the nineties a joint feasi bili t~· stud-• of a gradual raising of a dam across the 
... 

Lissan strait, so as to allO'\·: for so::1e furt::er rise of the water level in the 

northern part of the sea. This wouE. increase the evaporation area and ensuing 

power -production, without damagir.:; the potash ,-1orks · and other facilities in the 

southern area ( though floodin;- the lo;-rer Jordan Valle,y in both Israel and Jordan 

and possi bl:r losine agricultural areas). Su.:-ve:rs of the sea bottom and the Lis3an 

area and specific engineerine studies are required. in vie\-: of the geological 

and seismic cond.i tions. 

B. P."1 r:ia:-or Plar.t 

'!he idea of e;q,loi ting the Jo:-c.ar. ?J. ver for electrici t:y generation is 

based on the shiftins o: the river bed north of the Galilee Sea. 

A 1.6 million r:1 3 oasin at a.n altitude of 251 rn (whic.i. is the difference 

•in latitudes between the Jorda."'l PJ.ver a.~d t~e Sea of Galilee), could supply 265 

million k~·!h per ;rear at a rnaxirnl!!l rate o: 100 ~-H·,. This plant could save about 

65,000 tons of fuel oil per ;rear, a."'ld its construction is about 5 ~rears. 
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CHAP'IS:t 12 

SOLAR :.!TERGY 

Interest in solar energy began on a small scale in the late forties 

and early fifties. Prof. Robinson of the Haifa Technion was running a solar 

laboratory, studying solar radiation and collection and experimenting with 

possible applications. A substantial ~tep forward was ta.ken with the pioneering 

research of Dr. Tabor, then the .. Director of the National Physical Laboratory, 

who in 1955 developed the first selective surfaces for solar applications. Soon 

systems of solar water heaters bega.~ to appear on roof-tops, in the beginning on sin­

gle homes and later on large apa::-tr::e::t :rc:.liin.;s. It :nust be noted that this process 

proceeded on a commercial basis with no special government incentives. 

Today, a visitor in Israel would be impressed by the large number of 

houses and buildings equipped with solar water heaters. Over 500,000 households 

get their hot water ,from solar energy. That accounts for approximately 5o{o 

of total domestic water heating. Fror:i an energy balance point of view, solar 

water heating saves over 5% of the electricity generation and accounts for more 

than 1.5% of the total primary energy suppl~r. This makes Israel a front runner 

in the use of solar energy. 

As early as 1958, Dr. Tabor and his group started research on non-conveetive 

solar ponds. ~~o experimental solar ponds were constructed in the early 1960 
at the same.time, turbines using organic vapor were·developed for utilization of 

solar energy. Competition from cheap a.~d abundant oil brought most of the research 

to a stop in the late l5l:'O; b·.1.t the ::o-.z:.~a:io!'l ~-:az laid for subsequent work. 

Solar R & D picked up considerable momentum after 1973, with the esca­

lation of oil prices. An extensive program for research and development of solar and 

other alternative energy sources was adopted. In 1977, the new Ministry of Energy­

and Infrastructure took over responsi bili t~,r for all the energy programs, including 

solar ones. 

At present, there are several groups in industry, universities, and 

research ins ti tut ions which are acti vel:, engaged in researc.'1 development and 

applications of solar energ:r. 



Thermal systems have, so far, ma.cle foe lareest impact on solar energy 

utilization. No wonder that a oi; variet~: of programs fall under this heading. 

Flat Plate Coll~cto::-s 

Flat plate collectors are used extensively in Israel. '!here are a few 
dozen firms that produce and market c-:,:i: ::ct:;::-:- ~!' s::··: :ens incorporating 

them. There is, however, still & margin left for imp1·llvement of performance, 

design and costs. 

Research is carried out in universities and scientific institutions 

with the aim of f'ully understanding the flow characteristics of the collector 

both under themosiphonic free convectior. and under forced convection. 

Israel was first to market commercial collectors with selective coated 

surfaces. Since then it has become cor:unon practice. Research is still conti­

nuing on improving the coating so that a more uniform layer will be formed with 

better stabili t;;r against heat and corrosion. Attention is also given to glass 

coating to reduce the reflection in the visible light region while increasing 

the reflectivity in the far infra red. A reduction of solar reflectivity from 

8% to z; was attained in laboratorJ tests. 

Considerable effort is made, ma.inly in industrJ, towards development 

of new designs of collectors, for exQ~ple: 

Such is an interesting fine copper ~ube collector which acts as a solar 

radiation trap, even for rays with lare;e incident angle. 

Another novel idea is the free flow collector. 'It replaces the usual 

internal flu.id passages with a thin fiL':l of light oil flowing freely down an inclined 

surface, covered by a black thin aluminUI:1 foil, which acts as the absorbing surface. 

The good 1contact between the oil and the foil ensures high collection efficiency 

while the absence of tubes allows much lighter weight and less corrosion. 



Several other designs claim advantag,3s of low costs and long service life. 

Research continues towards lower cost per calorie collectors. 

Shallow Solar Ponds: 

Shallow ponds are made of large plastic bags with black bottom and 

transparent top. They are filled with approximately 10 an of water which is heated 

during the day and stored at night. Such ponds are studied at the Weizmann 

Institute, with a view to applying ther.i to central water heating in large buildings. 

Indications are that it may offer considerably less expensi?e heat than the usual 

flat plate collectors. 

Concentrating Collector: 

The main interest is in the development of essentially nor,-tra.cking or 

partially tracking collectors. At the Technion, a concentrating collector having 

a stationary spherical reflector was developed and is now in the process of com­

mercialization. 

The reflector which constitutes the major part of the structure is sta­

tionary, ma.king it easier to design, with less proble1:1s in Wi\d stonns. The sunlight 

is always focused into a radius which is in line wi. th the sun and the center of 

the sphere. A small absorber arm is r::ade to track this focal radius allowing a 

concentration ratio of 50: 1 and over. h a test where water was used, a tempera­

ture of 150°c was reached with 50;, efficie::1cy. The temperature was limited by 

the saturatior. pressure of the wa·;e-:-. ':'ests to allow utilization of hi~gher range 

of temperatures b3r using liquid c·?tal in tne absorber are now being conducted. 

These collectors, which can be pr Yiucei at a reasonable cost, r.iay offer a good 

source for domestic heating and air cond.i tioning as .well as electric power 

generation. 

An inexpensive low concentration stationa~• collector (with a ratio of 

approximately 3: 1) which can supply ::ied.iur.: temperatures was developed and is 

being tested at the Ueizr.ia..'lll Institute. 
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Air Heate:-s 

Air heaters have many advantages for space heating. 

'Which minimize the heat losses are being investigated at the 

Ben-Our:i.on University. 

Special designs 
; 

Technion and a.t 

Another concept of integrating the solar'air heater as pa.rt of the roof 

structure was developed in cooperation with !,Iiromit, a company which has 20 years 

experience in solar energy. 

Proper standards and testing facilities a.re essential counterparts of 

solar energy industry. The Israel Standard Institute is enga..ged in developing 

(or adapting foreign) standards to suit the local conditions and \xport purposes. 

Several test facilities-are available to the industry. The Standard Institute 

itself offers such services. 7ne Technion has a lab used mostly for research. 

The Weizmann Institute has developed a sophisticated test facility. These aids 

are used by the local manufacturers. 

Storage 

Thermal storage is of a major iwporta..~ce for most solar energy appli­

cations. It is used to bridge the gap between demand and supply. 

In ad.di tion to hot water tc.n..1<:s and pebble bed storage for hot and cold air, 

more sophisticated systems are being investi;a.ted. 

Systems of paraffins and salt ::;yd.rates, which change phase at appro-

priate temperatures are under stud;;.• at the Technion and Ben-Gu.rion University. 

Special attention is given to the heat transfer mechanism and the proper distri­

bution of the tubes in the heat excna.ngers. Additives that suppress the tendency of 

the salt hydrate to crystallize are being investigated. 

A novel system, making use of c.'-1anges in muscibility gaps with temperature, 

is the subject of a research program in Tel Aviv University. The idea. is to select 

a mixture that mingles in any proportion at a given temperature but separates into 

two phases at somewhat nigher temperature. The division is achieved by using solar 

energy and each phase is stored separately. When heat is required, the two phases 

are made to mingle, thus releasing the heat of mixing. Such a system may offer a. 

long-term storage since tnere is no need for insulation. 



Seasonal storage 3ystems, usin.:; t:1e i;round soil as a medium are being 

studied at 3en-Gurion U:.i versi t,:.•. 

?inall;y, a researcn progra:n ::c1S oeeu-"1 investigating the possible use 

of large aquifers as a cooling _mediu.":l :or lar;e power plants while using t?e hEia.t 

during the winter for ¾-ricultural purpo3e::;. 

Water Heating: 

Increasing the use of solc:.r 1-;~ter heating, to cover more than 6<,% of 

the households by the mid-eighties, i::, a declared polic:r of -the Ilinistry of l!hergy. 

This step implies a. greater use of central:!.,:.• applied hot water, and other 

services in larger 'buildings, as well a:,; the ir.iprovement of the systems and the 

installation. 

A major thrust ha.s beer. i::: e;.'"!)anding tne normal individual installation 

to central syste~s supplyins hot wate=. Problems of flow distribution in the 

collectors field, mini~ization of plu.~bi~; c:."1d control had to be considered. Various 

methods of supplyin; the r.ot ·.,:ate:- l:ave been devised.. At present there is slow 

but increasing penetratio::c o: the cent!'al s:rste::! r:ia.rket on a cornnercial basis. ,.., 

The largest syste::i, in vol ,rin£; l!,4 r:; o: ~ollector area., has been installed in a 

hotel at Ei.lat. 

Desert cli~ate is ~ost suitable =~r p::.ssi~re s;yste~s since there is a 

large differential between 'iay a..'"lc. :.:ic::-: te:::::ierat~es, a."ld. plenty of sunshine. 

Properly designed night coolinc; ca.'1 kec1 ":Yli:!.-iings comfortable during summers, 

while solar trappin.; c<U'l keep "';he builclir:cs ;:an, day a.."ld night, during winters. 

A resea.rc.'1 progrru: on passi v-e ::;~-:3te::::o is ~~eing cond'.lcted a.t Sde-Boker (B.a.u. ). 

Several experimental sr:iall houses :-,e~e c::i lt to allo-:•r the data. acquisition and com­

parison of v--a.riou.s methods. 



Another group is interested t:10stl•• in fenestration and proper shadowing. 

Work is alSQ being done on themal ood.ellin:; o!' buildin~. 

Space Heatin,; : 

Onl.:• a feH places in Israel a:re a.ct"J.all~.· heated b·· solar energ-1. The 

Mechanical Engineerinb' De?a...-r-tI:1ent li brar-; at the 'I"echnion is the first attempt at 

solar space heating. The heat transfer rned.iur.i is water, and two days shortage is 

supplied b~t hot water tanks. Also in the space heating domain, the Mi"romit pre­

fabricated roof panels concrete collectors create a. continuous absorbing surface. 

The heated air is transferred from the solar panels to a rock-heat storage, or 

directly into the house. 'Ine struptural roof member includes selective surface 

absorbing plate, cover glass, ins"J.lation and architectural finish. The ratio of 

collector area to total floor area is 1:2 to 1:1, depending on the specific house 

layout, design, insulation a.."lc. other paraneters. Followine field tests made 

at the .:a.ti.lding Resear~~ Station at the Technion, a commercial der.ionstration 

program was initiated, -co::prisins three :io=ies in which space heating will be 

provided b·· roof panels con~rete collectoz-~. 

No detailed. cost a.."1a.l:,"Bis has ~~et ·::,een ruade, and therefore it is pre­

cature to predict the ic.pa:=t of sucl: de7elop:ient on the pril:ie.=-7 energy balance. 

Climate Control S·."Ste::s: 

The lareezt project in ~eatin; ~d coolin: is conducted at Tadiran. 

It was ini tia.ted in 19; L ,-:i th the s:;,eci:ic pl':.rpose of ::ia.rketins in Israel and abroad, 
... 

clioate control s·rs-te~s, sup:;:,1~-ir.: ~ot ~:a::e!', s:mce heatinc and air conditioning, 

whose ma.j or enerc· source is the su.."l. ':'o ::ieet the performance requirements it 

was necessar~, to de·.relop a :lat plate solc.r collector ::ielding its energy at a 

higher temperature than t~e state-of-the-a~t flat plate collectors. The second 

major canponent is a hot Hater :ired li thiu.':1-brOrJide absorption chiller, designed 

to operate at an inlet teoperature ra.:ige of 65 to 95 ~e;;rees C and still maintain 

a. high coefficient of perforoance. T.::.e tl11rd major cOitponent is the control 

subs:.rsten to balance the solar energ-.r in-put, t:!::e conventional energy drawn from the 

backup, and the build.in,: load. T!ie fou:dh component is the combination of energy­

storage, hot and cold, and com,entional ·.:,a.ck'.l.p. ::.'allowing the development effort, 

a. 50 ton proto-t~--pe was completed in 1S'7 ~, l.i. th performance exceeding those of 

comparable ca.chines. It ,·:as still o::,c:-a.tin-::- 1-:i th a fOOd coefficient of perfor­

m~ce e·.ren ,-:i th a lo:·r c-enerator teap~:::-a-t-:1re o:" ".'-: 0 c., thus de::io:nstrating the 

viabili t·- of the s~rstem. 
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A ful:1-scale commercial type demonstration has been completed in 

December 1980 comprising a 200 ton unit to supply air conditioning space heating 

and hot water to a. hospital ward near Tel Aviv. As an ener~ source it 1!19Pft!!I a 2 ~· . 
3500 m array of Tadiran developed collectors. 

Economic analysis of a.round the clock solar climate control systems, 

with conventional back-up, including allowance for components and installations 

cost reductions with increased volume of sales, show that such systems will be 

competitive with conventional, electrically driven climate control methods. The 

full-equivalent consumption for industrial, commercial and institutional climate 

control systems is estimated, annually, at 200,000 tons, or 2.5 percent of Israel's 

total energy consumption. It is assumed that in the latter pa.rt of the eighties 

an increasing portion of new industrial, commercial and institutional buildings 

will go solar for their climate control, as well as some retrofit on existing 

buildings. The impact on the primary energy balance, allowing for fuel oil con­

sumed for back-up, may be approximately one to one and a half percent. It should 

be stressed that airconditioning is used primaz-;.ly during peak hours. The saving 

here, therefore, is not only fuel, but also in electric peak loads. 

Cooling with Desiccants 

Yet another method of producinG cold air is by an extension -of the desert 

cooler to conditions of higher humidity. The basic process involves four steps. 

Drying the air by using desiccants. 

Cooling the dried 2.ir to ou":-side temperature. 

Wetting the air adia·oatically, thus bringing it to the desired 

temperature and hur.iidi t:r■ 

Regenerating the desiccant using solar energy. 

A research program to develop the system is being carried out at the 

Technion. 

Industry 

Some application of solar energy has been made by the Food Processing 

Industry especially spice drying. Recently some interest was indicated in applying 

solar energy to supply low temperature heat requirements, such as for plating baths 

and low temperature steam. Possible utilization of newly developed concentrating 

collectors is being considered and sor:ie demo systems are to be erected next year■ 
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Ngi culture 

A greenhouse in Israel will require a.."l average of 25 kg of f'uel annually 
2 

per rn to master the cold winter nights. At the same time there is excess heat 

during the day when the sun shines. 

Research is being done to store the daytime heat for use at night, thus 

saving fuel. Che system is to make the water flow through the roof of the 

greenhouse and then through the ground underneath, thus cooling the greenhouse 

during the day and heating it at night. The ground acts as a heat storage. 

Solar Ponds 

Work on :-ion-convective solar ponds is probably the most exciting and 

significant R & D in solar energ;r that is being conducted now in Israel. Proper 

application of solar ponds may allow lare;e scale utilization of solar energy- and 

thus probably has the potential of substantial contribution to the national energy­

balance. 

The idea of non-convective solar ponds for coliection of solar energy-

was first suggested more than 20 years a.go by Prof. Jlo~h. It came from 

observing nature.The phenomenon of a natural solar pond exist at several places 

in the world includinf; a ::'e,·: :-:iiles south of Ei.lat. Temperature differential 

between the bottom and the top cay exceed 40°c. Artificial solar ponds essentially 

replace the metal, glass and plastic of conventional collectors with a mass of 

water, thus reducing by order of magnitude the cost per calorie collected. It also 

has a large inherent storage abili t:.r, up to months of storage, depending on the 

design of ths ponds. 

Noroal bodies of water can support only small temperature differences under 

solar radiation since convection currents mix the watero ~ creating and main­

taining a density gradient, b°'J differential dissolution of salts, with increasing 

concentration fran top to bottom, the usual convective currents that occur in 

homogeneous ponds can be reduced greatly. The result is that hot water can a.<>­

cumu.late at the bottom with the top layer acting as an insulator. Temperatures 

close to boiling point can be reached. The only loss mechanism is by conduction 

through ~he stagn.2.nt l~yer of water, and therefore, it is kept at a low value. 

The average collection efficiency m~::r exceed 20 to 25~; • 
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'!he research and development of large scale solar ponds is by its very 
... 

nature a slow process. It takes more tha."'l a year until a longo-term steady state 

of the pond is attained. Also, many problems are yet to be solved, such as method.I 

of construction and sealing, maintenance of the salinity gradients, effects of 

wind, ground conduction, opacity created b? dust and algae g.rm--th. None of these 

problems seem unsolvable however. 

At present, there are three experimental solar ponds under investigation. 

A 1,500 square meters pond, at Ormat pla.."1t in Yavneh, was put into operation in 

1978. It is now providing a heat source, from the bottom layer at 88°c, and a 

heat sink, from the top layer at approxit'lately 30°c, to an organic fluid turbine 

generating up to 8 KH_ day and night. A second pond was constructed in Ei.lat by 

compacting the local clay soil without any additional sea.ling agent. 
, 

The thirc. and largest pond, 6500 c-, was cocpleted in June 1978, at Ein 

Bokek on the shore of the Dead Sea. .t.. ~rear later a 150 Kll organic fluid turbine 

was installed and the combined syste!!l inaug..irated in December, 1979. In addition 

an experimental fl.ash chamber for prod.ucir:.; low pressure ste6m to be used for de­

sa.l ting water has be.en installed and. operated. 

The successful operatior. of t~is ~ilot systen has procpted a decision 

to go for the next stage of substantial upscali:-t:;. A two year program has been 

approved to build anc:. o;,>erate a conbined. s~rste:-:i of a 250,000 sq. meters pond with 

a 5 :.-;w turbine. The s:rster.i will be o-perational in 1933. Up to 1500 :i,11.i of solar 

energy could be poter.tia.11:• generat'ed ::rorn -the Dead Sea nnd such/program would also 

fit nioel;r with the ::edi terra."lea."1 Dee.cl. Sea project (see elsewhere). 

It. is too earl;• to present a.n accurate econonic evaluation of the solar 

pond for there a.re still many iw,onderablez. ?.oNever, it is estimated that the cost 

per installed IGi1 including pone. a.'ld co:::·:ersion s:rste::i, would be $1,700 - $2,200 

and this figure ca.~ probably be reduced even further. This, coupled with low re­

quirements for naintenance, r:iake t:1e sole".:- pond coupetitive with other means of 

electrical generation from solar source:3. ;.!oreover, the production of low tempe­

ratures heat would becODe econoru.c e·-.ren earlier. 

Indeed, it is hoped that if t~e progaj is successful, solar ponds will be 

used extensively to suppl;_: donestic, co:?..-:iercial and industrial hot water, generate 

electricity and provide desalted :-.ate:-. I-': ~a.~• contrib".lte significantly to the 

energy balance of Israel in the r.ine~ic3. 
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Thermal Conversion 

There is no question of the importance of efficient and dependable means 

for converting low temperature heat to electricity. 

A sealed organic flu.id Rankine cycle, turbo-generau:>r was developed back 

in the 1960' s at Onnat. Originally they were meant for using solar energy, but, 

again due to the availability of cheap petroleum, were actually used on con­

ventional fuels. They were marketed as small (up to 3 KW), dependable, main­

tenan~free turbo-generators for use in remote locations where professional people 

were not available. Millions of maintenance-free running hours accumulated at 

installations all over the world from Africa to Alaska have earned unique 

reputation for these units. Now, with a return to solar, turbo-generators from 

2 KW to 5 MW are being developed on the basis of the long experience gained in 

this subject. 

A novel idea of making use of a magnote-hyd.ro-d.ynamio (MHD) generator 

to produce electricity from low temperature sources is being researched at Ben­

Gu.rion University. It consists of a dual cycle of liquid metal heated by solar 

energy and mixed with an organic flu.id. The mixture is then accelerated in a 

specially designed two phase nozzle, due to the evaporation and expansion of -the 

organic fluid~ and is made to flow through the MHD ·generator, producing eleo­

trici ty directly. The organic fluid in the gaseous phase is then separated from 

the liquid metal, condensed and pumped back to the mixer. The liquid metal is 

made to go through.the solar collector to complete its C'JCle. First stage theo­

retical and experimental work has been completed and in the next year a pilot 

system should become operational. 
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Direct Conversion 

Photovoltaic 

The current world. approach to the utilization of photovoltaic is that it 

is a very large scale sophisticated and expensive technology,, beyond the means of 
• 

a small countr:i, like Israel. Therefore, there is no r~al effort towards large 

scale production of solar cells. 

The research in this subject concentrates on the physical and chemical 

development of new types of surfaces a.nd cells, and on system integration, with. 

and without concentration. 

Surfaces and Cells 

A research program, for producinb inexpensive photovoltaic surfaces, is 

being carried out at Tel Aviv University. It was found that an oriented crystal­

line film may be obtained by evaporatins silicon, under high vacuum, on to a 

suitable single crystal substrate. After detaching the filr:i an inexpensive 

photovoltaic surface is obtained. 

Photer-electro-chernical cells are developed at the Weizmann Institute. The 

cells consist of semiconductor electrodes in a suitable electrolyte. Upon il­

lumination, electric current is produced. The cell provides controllable built­

in storage, so that excess electricity may be stored· for periods of no sunshine, 

thus allowing a constant load independent of the instantaneous illumination. 

Systems 

A sr:iall lOW photovoltaic batter-r charger is produced by Tadiran mostly 

for military purposes. It uses conventional silicon cells. 
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Development is underway at the Weizmann Institute, of a ■olar cell system 

where Fresnel lenses are used to concentrate solar light,, by a factor of 50:1, 

on special silicon cells greatly enhancing the production of electricity per cell. 

I. tracking system which takes the signal from the sun is also being developed. 

'lhis system requires much less photovoltaic cells per unit of·-.lectricity thus 

reducing the cost of the most e:xpensi ve component; however, it has the added 

oompli'-cation and cost of a concentrating and tracking system. 

Application of the spherical stationary concentrator to electricity gene­

ration by solar cells is being investigated at the Technion. 

An exciting new method for improving the utilization of solar cells is 

under study at the Hebrew University. Solar cells can convert only a narrow 

band of wavelength into electricity. The rest of the radiation only heats the 

cell. When a specially doped glass is exposed to sunlight, excitation occurs inside 

the glass and the re-emission.is essentially in a narrow gap that may be made 

to fit the silicon cell. Moreover, most of the re-emitted light is at such angles 

that it is reflected back from the glass surface and eventually emerges from the 

side of the gla.ss plate at a greatly increased intensity in the suitable range. 

'Ihus, if silicon cells are to be placed on the side of the plate, they enjoy 

ef'fecti vely higher illumination with ver-J little heating effects. 

llydro gen and Pue 1 

A research prograr., to produce hydrogen from water by using solar radiation 

is under way at the Hebrew University, Jerusalem. By ad.ding solar sensitive 

chemicals to water and exposing it to the sunlignt, a chain of reactions takes 

place resulting in a reduction of the water to hydrogen and oxygen with good· theox­

etical efficiency. 'nlis research is in its initial stages, and so far 11d th meager 

results. 

Another idea of producing fuels and chemicals from carbon dioxide using 

solar energy is being studied both at the Hebrew University and the Weizmann 

Institute. 



RrOY..A.SS 
_J 

Agri c1.:.l tura.~ 

The abundance of organic wastes, manures and .vegetation, coupled with 

environmental problems and high energy cost, have led to a project aimed at 

the introduction of a novel approach to the ancient idea of producing methane 

gas from agricultural wastes. 'Ibis project is directed b;r the Research and DeveloJDent 

Institute of the Kibbutz Industries •. Bioconversion by amurobic digestion is 

the basic process whereby organic wastes are affected by bacteria which are active 

when no oxigen is present. 'Ihe resulting biogas contains 60 to 65 percent 

methane, 30 to 35 percent carbon dioxide and some traces of sulphides. 

The project team concentrated its efforts on solving four problems: 

- The collecti.on of the wastes. 

- '!be improvement of the digester efficiency. 

- The transport and utilization of the gas. 

- '!be proper disposal of the slurry. 

It tu.med out tr.at the kibbutz agricultural structure is suitable for 

resolving the collection, gas transport and sl1:1rry disposal problems. An energy 

survey, currently in progress, indicates that a kibbutz can meet 65 to 90 percent 

of its energy needs by properly utilizing its agricultural wastes. 

'!be residual slurry could be used as fertilizer, fish food, cattle and 

other livestock food, soil conditioner, hard boards, and insulation. An in-
' 

tensive program is being carried out aimed at ascertaining the uses and values 

of the slurry. It is apparent that its value as food is higher th~ its use as 

fertilizer, fill or conditioner. 
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The project is now in its sixth year. A substantial improvement was 

achieved in the q.igestion process, causing a reduction of the required resi­

dence time coupled wi. th a substantial increase in the gas production rate. A 

rate of 5 volumes of gas pe.r .~':J.· ~r \'?.::t.u.it~- of digestor c~ be routinely ob­

tained and the · ra.j;~' can prob~~1 --~ p~ed.-- up~¢s ~o 8 - 10, 
• ' , t o ~ • • I I 

Sixteen benc.'i-i. scale disestors allow testing simultaneously of various 

combinations of conditions and feeds, while eight Sj"Stems of pilot plant size 

of one cubic meter give ir:iportant .information on the operation of the system. 

Demonstration uni ts of twelve up to two hundred cubic meters have been com­

pleted and the technology is considered ready for commercialization. 

'!'he investment cost for the construction of a biogas plant for a 

kibbutz with a cowshed of 500 heads of cattle is estimated at 250,000 u.s.Dolla:rs. 

Saving in :f'uel and electricity is estimated at 40,000 U. s. Dollars per year. 

Utilization of the slurry would be an added advantage. The impact of biogas 

conversion on Israel• s energ:r balance !.s somewhat difficult to estimate• It 

certainly could not exceed 1~ by fa..r. r.owever, this project should be looked 

upon as an all a.round solution to sever~l problems and as such may make an im­

portant contribution. 

Hucn resea.rc!': on algae is c..:-riei out in Isra.el. Algae are studied 

as a source of protein, as a mea."ls of puri !';ting sewage water and as a source 

for chemicals and. ~~el. 

Extremel;7 interesting researo:. prog-ra.,is resulted from the discovery 

of certain halophillic algae that gr_o~-~ i:: hich,ly saline water and contain over 

3o{: of their dry '\'Tei ~t o.3 .;l:7ce:-ol. ':'!leir rate of grot-rth depends on solar 

energ:r and the e~vi::-on.".'lenta.l cond.itio:::;. 



Che group is interested in the production of glycerol which may turn 

out to be cheaper than that produced ~· alternative methods. 

The other group aims at the p~oduction of liquid fuel which can be 

extracted by pyroli tic processin6 of the algae. 

Both groups study the gro~:th rate wi -th and without co2 addition. 

Proble□s in concentratins and har·restin~ of the algae still need to be resolved. 



CHAPI'ER 13 

OIL SHALE 

To date, oil shales are the only known and identified fossil energy source 

indigenous to Israel. High priority is placed on the develo:i;xnent of oil shale as 

a potential replacement for imported oil. 

Early work on oil shale was carried out in Israel in the 1950's, when bi­

tumen from Ein Bokek was used for va.rious experiments of material handling and 

grindability as well as combustion characteristics. The work was discontinued 

mostly due to the cheap competition of crude oil. 

The interes; in oil shale was renewed in the mid 19701s and it picked 

up more momentum in the ..last 2 years. 

A program has been undertaken by the I,S.nistry of :Energy and Infrastructure 

(MOEI) whose objectives are a commercial exploitation of Israeli oil shale at a 

rate of 20,000 - 40,000 bbl/day by 1990. 

Several avenues are being considered: 

(a) Retorting to produce synthetic fuels (oil and gas) 

(b) Direct combustion for the production of steam and electricity. 

(c) Ash utilization (cement, building materials and aggregates). 

The program involves resource and exploration evaluation, an estimate of 

adaptation of e::risting technologies to Israel' 3 conditions and R & D for new 

improved technologies. It is carried out b;,r contract with government and in­

dustrial companies and universities. 

C: 7 



Geological Surve;r w..d ~Jo:·:::::.:,. 

Oil shales were encountered in Israel in ea.rly water dri.llings and at 

several other locations. In the past few yea.rs more efforts have been made 

in identifying the resources, quantities and qualities. 

The recoverable reserves in the 5 major fields, already identified 

are: 

Efe o.6 X 109 tons 

Oron o.6 9 
X 10 II 

Hartuv 1.0 ::x: 1091 II (minimum) 

* Biga.t Zin 0.1 X 109 II II 

* Znifim l.~ xic9 " II 

total 4.4 X 1c9 tons 

All these deposits are of similar nc t~re wi. th an overburden ration of 

0.5 - 1.0, an average kerogen content of approximately 15% and Fisher Assay 

yield.5 of. 15-18 GPI'. This oil yield accounts for only about 40-45% of the oil 

organic matter, an ad.di tional 2(1/c, is obtained as gas a.nd the rest is fixed carbon. 

--These known reserves could potentially produce over 200 million tons of 

oil 'With add.i tional quantities of gas and other products. 

There are good indications that more fields exist even thougn they have not 

been completely investigated. 

DEVELOPNilfT PROGRAM ( Retorting) 

The program for the near future can be divided into 3 phases: 

Phase 1 -

" 
t1 

2 -

3 -

Technology selection 

Industrial Module 

Commercialization 

( continuation) 



L 

Te~hnolog:~ Selectio~ I;...-
,-·• 

Objectives: Ad.option of a tech.nologr for the retorting of the oil shale 

Adoption of the method and technology for improvement of -the 

oil to make it suitable for refining into commercial distillates. 

Estimated Iuration: 2 - 3 years 

'!his phase of the program,s~~ed last year, is c.oncentrating on the 

evaluation of the existing ;technologies with respect to retorting the Israeli 

oil shale. The criteria :for the evaluation will be: 

Yield oil and gas 

Quality-- of the oil and gas 

Degree of utilization of the fixed carbon 

Technical suitability, reliability, maintenance 

and operations. 

Possibility of beneficiation of the oil 

Costs 

Production tests will be carried out at existing pilot plants in the u.s. 

and elsewhere after a preliminary study a..'1.d evaluation of the technology and 

its potential for retorting Israeli oil shale. 

An evaluation of the required modifications or improvements in existing 

plants, to better fit the above-stated criteria, will be made. Repeat tests 

may be required. 

It is hoped that an existing technolog;, possibly with some modifications, 

will be found to give adequate answers to the requirement. However, an R &: D 

program for the develo}:ment of a new technology as part of the total project, -

will continue. Du.ring this phase a construction of a small pilot plant may 

be indicated as a substantial aid in the selection of the technology. 

- c;o -_,,, 



Industrial :,lodule 

Objectives:­

o 

Demonstration of the Technology applicability to industrial 

scale of production 

- Design, construction and operation of an induatrial retort module 

with the accompanying equipment (mining material handling, 

pretreatment, disposal of spent shale, oil beneficiation etc.) 

Estimated duration: 4 - 5 years. 

'Ibis phase is crucial in the development of a vi.able technology for 

oil shale utilization. A module of an industrial scale (2000 - 8000 bbl/day) 

vhi ch could be repeated in a commercial plant will be constructed, operated and 

evaluated.. This phase will supply all the necessary information ( technical, 

operational, economical and environmental) for the factory. 

A detailed plan depends on the results of phase 1. 

Comme~cial Plant 

Plants with a capacity of 20,000- 40,000 bbl/day are considered as most 

suitable for the size of fields found in Israel. These factories will consist 

of a number of modules as required for full production. 

This phase will be based on the demonstrated technology and could' be con­

sidered mostly c.S a commercial enterprise beyond the scope of R & D. 

It is expected that by the end of the 80' s, one f'ull-scale prod~tion --_ 

plant will be opera.tin&•· 

- 6C -



C:-I1~3R 14 . -

The development of wind power is currently under s~, as new 

evidence with regard. to it's techno-economi c feasibility has been es­

tablished. Al though implimenta.tion is still fa.r from realization, some 

experts believe it could u1 tima.tely sa.ve between 5 and 1~ of the fossil 

f'uel used by the Electric corporation. 

··Host people in the field estimate that wind power generators can 

be economical in locations where wind velocities average 6 meter/seconds 

(about 13.5 mph) or more. Several areas in Israel qualify under these te:nns. 

The Hermon mountain slopes (9 m/sec.), the mountains of Upper Galillee 

(7 m/sec.) the Negev plateau and the Sci.om area. (6 m/s~c. ). In each instance, 

the wind vel oci ti es occur at a point only about 10 meters above ground level; 

they increase as one goes hig!.er. 

Under these conditions, vdnd power generation will be economical, 

once equipment becomes available at : 750 or less per installed kilowatt 

capacity. That stage has not yet been reached. Prices as low as S 500 per 

installed kilowatt capacity are expected within the foreseeable future and 
' will thus make wind power a v:i.aple option. 

A major problem inherent in wind power is the fact that air currents 

a.re far :from uniform and production therefore tends to fluctuate. However, 

working in tandem with other renewable energy- systems could overcome this 

problem; in fact solar enere:;r systems might be a good. compliment, since wind 

velocities of'ten stand in inverse proportion to insulation rates. 

T"ne study of wind.power. generation in Israel is at its initial stages, 
~e . 

yet the program calls for/ :t'irst 200 KW Demonstration Wind powered generator 

to be installed next year. 

61 



CnAPI'~ 15 
r r -

Preliminary studies, based larc;ely on data obtained fran oil well 

records, suggest that it may be practical to utilize geothermal energy in 

Israel. 

Data obtained from oil exploration d.rillings in the Ashdod area indicate 

that large amounts of hot brine can be pumped from the Upper Jurassic fonna:tion 

there. At a depth of about 8,000 feet, brine was found at teznperatures of about 

110 degrees c. It seems that at about 11,700 feet below the surface, 

temperatures not less than 140 ·degrees C can be reasonably expected. 

In Ashdod, one potential customer is the Joint u.s.-Israel Desalination 

Project, which has indicated its interest in a continuous supply of at least 

85 million kilo calories per hour, at a rna.x:i.mur:i cost of 37 .5 per million kilo 

calories. Estimates suggest actual !)roduction cost will be significantly lower. 

The next step will have to be an engineering appraisal, based on 

precise data, regarding each well's production capacity, the wate~ stable 

temperature and its chemical composition. Two abandoned dry wells in the 

Ashdod area can be used for this purpose, one for pumping tests and the other 

for observation. Ir. add.i tion, the hot brine can be used to heat homes during the 

winter and boost agricultural production in nearby hot houses. 

It is also believed that swla.:- reserves of hot brine can be found 
.• 

in other parts of Israel, includ.in.; nany likely coastal .P~-E'.in locations. 

- 62 -



CONCLUSION 

Despite all her efforts of diversification and use of alternative sources 

of energy, Israel will still oe 30-40'-i dependent on ~il in.the year 2000. AB 

far as electricity is concerned, the share of oil-fired plants will be 1~ or 

less, coal will provide .50-6(1,~, nuclear power 30-40'% and hydro and solar power 

the rest, provided that electrici t:r does not exceed 45~ of all energy resources. 

Figures 10 and 11 provide a graphical representation of the total primary energy 

resources distribution and the input distribution for electricity. 

Chly a higher rate of electrification involving the introduction of 

new technologies (electric car), perfection of existing technologies (coal 

gasification for small industries) and. hea·J:-f investments in infrastructure to 

change current structu::--al pattems (electric :nass transportation) will :f'urther 

reduce oil dependency, hat the.·r require deternination, technological progress 

and additional financial resources. 
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APPENDIX 

In order to provide a reference to the energy consumption patterns 

of Israel, as well as to poi::1t out her unique energy characteristics as com­

pared with other countries, a set of graphical comparisons is presented. 

' These comparisons relate to the energ:, characteristics of 21 industria.-

lized nations and 16 developing countries in 1977 (the last year for which 

world-wide comparative data is available. 

Figures 12, 12A presenfs pez: capita energir consumption vs. per capita 

gross dor:iestic product fOT 1977. 

Figures 13, 13,A presents the corresponding data with respect to per 

capita electricity generation. 

The last two figu~s (!'igures ' . _,__, L~A, 1.5 present the relevant data 

on the share of electricity in their countries domestic energy consumption and 

the degree of depend~nce on oil imports. 

While these figures are self-explanatory, it is worthwhile noting 

the following points: 

a. The bulk of the industrialized countries exhibit a.n energy intetisi veness, 

i.e., energy consumption per GDP, of 0.5-0.75 kg/$. A small group of 

countries show higher energy• intensiveness and some industrialized countries. 

lower intensiveness, with most of the developing countries above the 0.5 k.g/$ 
mark line. 

Isr~l with a GDP/capita 0f about $~,ooo and per capita energy con­

sumption of almost 2 tons of oil equivalent lies on the 0.5 boundary of inten­

siveness. 

b. Electricity intensiveness does not always follow the pattern of energy 

intensiveness due to the high share of ~yd.re-electric power in various cOlllltries 

on the one hand and the specific industrial.structure on the other. The lack of 

indigenous primary resources as alternative~. to electricity_may provide another reason 

for a higher electricity intensiveness. Israel with a share of 3~ of electricity 

t:,( 
- . .,1,.: 



of the total danestic energy consumption (small energy consumption for heating) 

exhibits a somewhat higher electricity intensiveness than should be expected 

from its energy intensiveness. 

c. Israel is 98% dependent on oil imports and leading the list but there 

are a substantial number of CO'\ll'ltries which are currently over 50'fa dependent 

on oil imports. 
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