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Abstract 
 

This chapter describes the history of the Israeli Section of ISES, formed in 1979. The 
information in this chapter is based on contributions from many of the Section’s members, to 
whom we would like to express our sincere appreciation. We are describing a rather long period 
of solar energy activity that has led to the formation of the Section. The most important events 
including national conferences, and the landmark event – the Solar World Congress held in 
Jerusalem in 1999 – are described. A chronological listing of the Chairmen of the Section is 
provided. Major solar developments in our country that received international recognition are 
presented, as well as international Awards that some of the members of our solar community 
have received.  
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1. Introduction:  Solar History in Israel – Leading to the 
Formation of our National Section 

 
1.1 The Early Years  

 
 Interest in solar energy in Israel preceded the State. In the 1930’s and 1940’s Dov 
Ashbell, Professor of meteorology in the Hebrew University of Jerusalem (HUJ) and Nathan 
Robinson, Professor of Physics at the Technion – Israel Institute of Technology in Haifa, 
published works related to solar energy, but it is doubtful if they were thinking of solar hardware. 
Professor Robinson concentrated his efforts on solar passive design of buildings, and several of 
his reports with co-workers from the Civil Engineering Department, on “thermal protection of 
concrete roofs”, “response of walls to outside thermal influences” and the like are still found at 
the Technion’s library.  
 
 With the establishment of the State in 1948, one of the first acts of the Prime Minister, 
David Ben Gurion, was to set up the Research Council of Israel (RCI) within his office, to 
promote R&D that could harness science to help a new country having virtually no natural 
resources. Less than a year later, a new immigrant from the UK arrived in Israel - Harry Tabor, 
an applied physicist with industrial experience. He was given the ‘physics and engineering’ desk 
of the RCI, which included the task of setting up a national physical laboratory (NPLI) – on the 
British model – to put some order into the measurement units (British, metric and Ottoman) in 
use in the country. And here, from an unexpected source, he got involved in solar energy. 
 
 His desk received many suggestions from the public on how to develop the country 
(understandable in a new country), including proposals on harnessing the sun – and he had to 
examine these proposals to see if they had any value. He reports on proposals how to exploit 
solar energy from very persistent people (though with no knowledge of physics or solar 
geometry!). Tabor had discovered that he could only deal with enthusiasts like these by knowing 
the subject better than they did. So he read whatever literature there was on the subject – and this 
caused him to think about a subject with which he had had no previous contact.   
 
 There were at the time a few domestic solar water heating installations in the country, 
rather poor copies of such installations elsewhere, and Tabor asked himself why their efficiency 
was so poor. This led him to the concept of black surfaces that were not black bodies in the 
thermodynamic sense – which he called ‘selective black surfaces’ and his industrial experience 
brought him and his team in the NPLI quick answers to finding an industrial process (a 
modification of the known nickel and chrome processes for blackening metals) for producing 
selective surfaces on the large areas of solar collectors. Here he was triply lucky: (i) this 
development occurred in 1955, just prior to the first World Congress on Applied Solar Energy 
held in Arizona (Phoenix and Tucson); (ii) his ‘boss’ (the Director of the RCI, Dr. Shmuel 
Sambursky), was a professor of physics at HUJ who particularly appreciated a black surface that 
was not ‘black’ and what this could do to improving solar energy collection; (iii) he, in turn, 
excited his boss - the prime minister who decided to send Tabor with an exhibit to Arizona – 
which required finding a cargo plane able to take a full size flat plate collector (FPC)  in its 
‘belly’ (remember, this was 1955!). The exhibit (Figure 1) was a great success, with steam 
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emerging from an FPC that had no concentrating mirrors and put Tabor and Israel on the world 
map as solar pioneers. 
 
 

 
 
 
Figure 1: Harry Tabor exhibits the new collector and applications at the First World Symposium 

on Applied Solar Energy, Arizona (1955) 
 

 
Tabor as Director of the NPLI had good relations with the Director of the Standards 

Institute of Israel (SII), Dr. Arnon, and this led to the SII establishing test procedures and the 
issuing of official performance certificates (possibly the first country in the world to do so) so 
that no one would buy a solar collector that did not carry SII certification. An extremely valuable 
follow-up to this was that, in 1980, the government made solar water heaters obligatory on all 
new dwellings up to eight stories high. Today, there are about one million domestic installations 
in Israel, which the Ministry of National Infrastructures (MNI) estimates save the country two 
million barrels of oil a year.  
 
 Other developments at the NPLI included small power units. Like their colleagues in 
other parts of the developed world in the early 1950’s, the NPLI team considered solar energy as 
a help to developing countries that did not have energy grids. So, it would be good to develop a 
small solar power unit for these countries (these would be thermal units as PV was not an option 
at that time).  To minimize the maintenance problems of reciprocating engines, Tabor proposed a 
turbine, operating on organic fluids (since the low temperature from simple FPC’s would not 
provide a decent steam temperature). Here, he was again lucky: a new immigrant from France, 
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Lucien Bronicki, had just completed his “practical training” on turbine design, so he and Tabor 
made up a marvelous team. The result was a small organic Rankine cycle (ORC) turbine – with 
only one moving part - the rotor. A 3 kWe unit was exhibited at the UN Conference on New 
Sources of Energy, Rome, 1961. It used a novel inflated plastic solar collector invented by a 
team member, Ing. Zeimer, and the plant was erected on a farm some 30 km outside Rome, and 
interested congress delegates were ferried by bus to see it in operation. A little later, a similar 
unit (but using FPC’s with side-mirror boosters – Figure 2) was erected in a developing country 
in Africa (but was withdrawn following a change in the country’s regime). 
 
 

  
 
 

Figure 2: ORMAT solar-powered ORC employing FPC’s with booster mirrors for water 
pumping, Mali, Africa  (1966) 

 
 

The NPLI looked for a company to commercialize the product but there were no takers. 
With faith in their son, the Bronicki family offered to set up a factory in Yavne (where they had 
set up a leather re-cycling plant) and they received the license on the turbine from the Israel 
government. The new company was named ORMAT. After a good deal of additional 
development, they had a product ready for the market and here they suffered a severe 
disappointment. Despite the need, there were no buyers in the developing countries because they 
simply did not have the money. ORMAT found another market for the turbine: reliable, 
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maintenance-free power supply for remote microwave repeaters (using, however, fuel rather than 
solar energy…). 
 
 Attempts were made at the NPLI to produce inexpensive PV cells based on CdS, 
produced by a spray process. Efficiency was low but the power cost was lower than from silicon 
cells then available. Some panels were erected including a traffic signal on the Jerusalem – Tel 
Aviv road, and one at the straits of Tiran in the Red Sea. The program was terminated when the 
cost of silicon cell power dropped, and there were some doubts about the long-term stability of 
the CdS cells. 

 
Solar ponds were proposed in 1948 by Dr. Rudolph Bloch, Research Director of the Dead 

Sea Works, who had observed the absence of convection in some natural saline ponds and had 
realized the possibilities. He was a member of the Board of the RCI but could not get anyone 
interested till he met Tabor in 1958 who at once saw the potential and organized a solar pond 
R&D team. This triggered solar pond R&D in several other countries.  
 
 
1.2 The 1970’s  
 
 The oil crisis in the wake of the 1973 Yom Kippur war sparked renewed interest in solar 
energy in Israel, as it did in the rest of the world. Research on a variety of solar projects began at 
academic institutions. At the Technion – Israel oldest and premier institute of technology – a new 
solar energy laboratory was established in 1974 by three (then young) faculty members – 
Gershon Grossman, Avraham Shitzer and Yoram Zvirin. Initial support for this effort was 
provided by the Institute, and additional grants followed, from government ministries and from 
abroad. Students were very excited about this research area and worked on a variety of solar 
thermal subjects – flat plate and concentrating solar collectors, space heating and cooling 
systems, air heaters, heat storage and more. A solar heating system was installed in the library of 
the Mechanical Engineering Faculty. Cooperation with industry has begun. One distinctive 
project involved a concentrating collector based on a stationary spherical mirror with a tracking 
absorber. The spherical geometry makes it possible to build very large mirrors and even 
incorporate them in a building structure since they do not move; all tracking is done with a rather 
small moving absorber, placed parallel to the solar rays. Several versions of this collector were 
built, and there were contacts with industry to develop the concept for process steam generation, 
but this never materialized. The largest model had a 10-meter diameter dish that generated steam 
at 300oC (Figure 3). It was installed in the parking lot of the Mechanical Engineering building, 
and looked like a giant radar antenna; several colleagues have expressed concern that it could be 
mistaken for a military target and, in case of war, would be bombed from the air, taking with it 
their cars parked nearby. 
 
 The group’s work soon gained recognition and many visitors – engineers, architects as 
well as non-professionals – came to look into the projects in the Laboratory. Among them was a 
fact-finding committee from the US Congress who came in 1979 to check for areas of possible 
cooperation between Egypt and Israel, following the historic Camp David peace agreement. 
Solar energy seemed like a good subject, where both countries could make a contribution. The 
committee’s visit was kept confidential, in order not to jeopardize this delicate mission. 
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Nevertheless, the Technion’s Public Relations people got wind of it and showed up with their 
cameras, only to be told politely but firmly to leave and keep quiet.  
 
 

  
 

 
Figure 3: 10-meter diameter stationary spherical solar concentrator with tracking absorber at 

the Faculty of Mechanical Engineering, Technion – Israel Institute of Technology, Haifa (1979) 
 

 
In 1974, Israel Dostrovsky, then President of the Weizmann Institute of Science (WIS), 

together with David Wolf, decided to establish a Solar Energy Laboratory at the Institute. The 
first efforts concentrated on improving the performance of the existing FPC. A new selective 
surface was invented, based on electrochemical anodization of copper surface. Its aim was to 
replace the “nickel black” developed previously at the NPLI that suffered from poor resistance to 
outdoor humid conditions. This development was adopted by MIROMIT, a pioneer Israeli 
manufacturer of FPC’s at that time, who built a production plant based on this process. Another 
development was an antireflective coating to reduce the reflection losses from the glass pane, 
especially when higher temperatures were needed, e.g. for air conditioning.  Special laboratory 
equipment was built for measuring the spectral absorbance and emittance of this coating at 
different temperatures. David Wolf together with Avraham Kudish and Michael Epstein built a 
laboratory aimed at measuring the performance of full-scale FPC’s under controlled conditions 
using a sun simulator. This laboratory became a center for measuring the performance of 
commercial FPC’s, until the SII established a standard rating procedure and took over this 
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national mission. A pioneer, large, forced-circulation solar central water heating system was built 
to supply hot water to the Animal Breeding Center at WIS. This system was used later by the 
Ministry of Housing as a model for its first demonstration project in a multi-story building in 
Ashdod. 

 
Ben-Gurion University (BGU) of the Negev was established in 1970 in Beer-Sheva, the 

capital city of the Negev region covering the greater part of Israel. The Negev is half-desert, 
sparse in population but rich in sunshine. The declared vision of the new University was to help 
bring new life to this vast, barren land. Among the first University faculty to pioneer solar energy 
for the Negev were David Wolf and Aharon Roy. They brought with them former experience in 
energy technologies, desalination, electrochemistry and techno-economics. Aharon Roy initiated 
the solar power laboratory with several projects, including a 10 m2 polar-mounted linear-
focusing tracking solar concentrator; innovative PCM-salts energy-storage systems with Eli 
Korin and Emanuel Menczel, who pioneered the full Dead Sea salt phase-diagram; and a 10 
Amp. hydrogen-oxygen fuel-cell. He also established a techno-economics team. 

 
 

 
 
 

Figure 4:  Aharon Roy in front of polar-mounted trough solar collector array on the roof of the 
Chemical Engineering building, Ben Gurion University, Beer Sheva (1980) 

 
David Wolf and Abraham Kudish established a Solar Energy Laboratory and Center at 

BGU. One of the first projects was to set up a meteorological station to measure solar radiation. 
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With Abraham Tamir, they designed and installed one of the first solar central domestic hot 
water (DHW) systems in Israel, on the roof of one of the BGU dormitory complexes.  A solar 
system for heating the BGU swimming pool was also designed and installed in the early 1980's.  
They also began investigating solar collectors constructed from polymeric materials. Roy and 
Korin joined Wolf and Kudish in a project on the application of PCM’s in solar greenhouses. 
Along with Dov Pasternak they developed a solar heated greenhouse using special transparent 
panels filled with PCM's. 
 

In 1975, Aharon Roy initiated and directed a new solar energy laboratory at the Institute 
for Desert Research, a branch of BGU located at the new Sde Boker campus. A large-scale 
project involving the study of shallow solar ponds was undertaken.  Abraham Kudish joined in to 
work on solar distillation in conjunction with controlled environment system, viz., a greenhouse. 
This laboratory served as nucleus for the National Solar Laboratory, which established several 
years later by the Israeli government. Several solar systems were procured and installed by the 
Ministry of Energy for demonstrating and testing industrial units. The site was then taken over 
by the Solar Calculation Group, who further developed and augmented the laboratory. 

 
 The Solar Calculation Group was started by David Faiman in 1976, assisted initially by 

David Govaer, Jeffrey Gordon and Yair Zarmi. They were later joined by Daniel Feuermann, 
Amos Zemel and others. Initially, the group worked as a kind of “think tank” in attempts to solve 
a number of immediate problems associated with the recent oil crisis. They were the first to 
validate the well-known University of Wisconsin’s F-chart method, using real data, from a large 
central solar water heating system they designed for a neighboring kibbutz. Together with Ari 
Rabl, one of several frequent visitors at that time, they developed and optimized a low-cost, 
high-efficiency method for designing solar industrial process heat systems without storage. They 
developed the Gordon-Zarmi method for the optimal design of passive solar buildings, and 
invented a number of devices such as the rotating prism wall, an ‘invisible’ thermosiphon solar 
water heater, and the multipyranometer – a method for monitoring direct beam insolation with no 
moving parts.  

 
In parallel with academic research, there was considerable industrial activity. 

Manufacturers of solar collectors and water heating systems continued to improve their products 
both for the local market and for export. The increased energy awareness, brought about by the 
oil crisis, seemed to help their business. Alongside the common individual family thermosiphon-
type water heater, central systems for large buildings started to emerge.  

 
The government of Israel did its share to promote activity in the solar area. In 1975, the 

newly formed Ministry of Energy and Infrastructure (currently the Ministry of National 
Infrastructures) announced the launch of a National Project to develop and commercialize solar 
products. Led by one of Israel’s major corporations – TADIRAN Electronics Industries – and co-
funded by the government, this national priority project concentrated on building applications, 
both residential and commercial. Solar collectors, heating and cooling systems were the subjects 
of development. The TADIRAN team headed by Yehuda Landau included Yeshayahu Vardi, 
Joseph Bourne, Yigal Kimchi, Jonathan Ben-Dror, Moshe Hirsch and a Technion consultant – 
Gershon Grossman. The main product was a lithium bromide-water absorption chiller especially 
designed for solar applications. It had several unique features including a solution preheater and 
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an auxiliary generator for maximum utilization of the available solar heat. Several units of this 
type were built and some exported to the Caribbean islands. A 700 kW (200 TR) solar-powered 
air conditioning system, one of the largest ever built anywhere in the world, was inaugurated in 
1980 at the Tel Hashomer hospital near Tel Aviv, where it functioned year-round to air condition 
the surgical facilities (Figure 5). This application involving year-round operation was carefully 
selected, as it improved the economics of the solar system considerably. Unfortunately, the 
technological success did not materialize into a thriving business, as was originally hoped. The 
high cost of the solar part of the system – collectors and storage – made it hard to compete with 
alternative primary energies.  Shortly after the completion of the Tel Hashomer project, 
TADIRAN decided to abandon this business and the ASD (Applied Solar Devices) division was 
closed. The solar air conditioning systems at the various installations continued to work, 
however, for many more years. 
 

     
 
 

Figure 5: Solar collector field and storage tank (left) serving 700 kW LiBr-water absorption 
chiller (right) at Tel –Hashomer Hospital near Tel Aviv (1980) 

 
 

Solar pond research continued. The Israel government decided to sponsor the building of 
a 5 MWe plant, with a 1 square kilometer of pond area and a company, SOLMAT, under Lucien 
Bronicki’s direction, was established for this purpose. Actually, one pond was built of 40,000 m2 
and one of 250,000 m2, and both operated exactly as planned. There were also plans to bring 
Mediterranean water to be floated on the surface of the Dead Sea and turn it into a one huge solar 
pond. The efficiency from solar to heat was about 16% but the overall efficiency (solar to 
electricity) was lower than 1%. The investment per m2 of pond area was not high, but the fresh 
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water for surface leaching of the pond and the operation and maintenance nearly tripled the cost. 
After a long term demonstration of the operation of a 5 MWe turbine by the 250,000 m2 pond, 
the government stopped the funding in 1991 (‘as the point had been proven’) and the program 
collapsed as private investors were not yet ready to take it over. 

 
 

 
 
 

Figure 6:  5 MWe solar pond and power plant at the Dead Sea, Israel  (1982) 
 

 
2. The Israeli Section of ISES is formed 
 

Academic and industrial activities have led to an ever-expanding group of people 
engaged in solar R&D in Israel, who met from time to time for symposia. Ironically, the 
formation of the Israeli Section of ISES was prompted not by lack of local organization (the solar 
community was functioning quite well in an ad-hoc manner), but by the wish to host the ISES 
World Congress in Israel. At the 1979 ISES Silver Jubilee Congress in Atlanta, Georgia, an ad-
hoc Israeli delegation consisting of Harry Tabor and Gershon Grossman presented to the ISES 
Board a proposal to hold one of the next ISES congresses in Israel. The presenters were greeted 
warmly, but were told that only countries with an ISES section could be hosts to an ISES 
congress. This information was passed on to the solar community in Israel and, following 
organizational efforts, the Israeli Section of ISES came to be. The inaugural meeting was held at 
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the Petroleum Institute building in Tel Aviv on December 17, 1979, attended by over 50 solar 
energy devotees. Harry Tabor was elected Chairman and Gershon Grossman as the first 
Secretary of the Section. The Technion – Israel Institute of Technology volunteered to host the 
Section’s headquarters, which has remained there ever since. The Technion also generously 
allocated some resources for the Section’s logistics. With changes of Chairpersons and 
Secretaries, the Section has functioned effectively over the years, due in large part to the efforts 
of Mrs. Ariela Rozen, who continues to do a marvelous job looking after the Section’s affairs.  

 
The Israel Section of ISES had 30 members at its inception. Membership peaked in 1997 

to 63 (most of whom were full members of ISES) and is currently at 71 paid-up members (31 full 
members, 40 local members). For a country of six million inhabitants, this makes for one of the 
highest per capita memberships in the world. 

 
So the Israel Section was officially set up, but had to wait till 1999 before the World 

Congress was held in Israel. An application was submitted to the Board during the Hamburg 
meeting in 1987, but lost in the competition. One reason was the desire of ISES to hold a 
congress in an ex-Soviet-block country, and the 1993 congress was held in Budapest. There, the 
ISES Board decided to hold the ISES Congress in Israel in 1999. 

 
 Over the years, members of the Israeli Section have been quite active in ISES, and have 

accrued a remarkable record of service to ISES, considering the Section’s size within the 
Society. First and foremost is Harry Tabor, having served on the ISES Board for many years and 
having been president of ISES during 1981-1983. Harry received  major prestigious awards from 
ISES and the book of his reprints was issued at the 1999 ISES World Congress. Other Israeli 
members who have served on the ISES Board over the years include Gershon Grossman, Dubi 
Dvorjetski and presently – Abraham Arbib. Amos Zemel and Jeff Gordon were chosen as 
associate editors for the journal Solar Energy - the flagship of ISES – and were among the 
individuals who have helped shape the journal and how solar  energy research is perceived. The 
recent ISES-sponsored book on the state-of-the-art in solar and  a review of all major progress 
("Solar Energy - The State Of The Art -  ISES Position Papers") was edited and organized by Jeff 
Gordon, at the request of the ISES Board. 
 
 
2.1 Our Board of Directors and the By-Laws of our ISES Section 
 
 At the Section’s inaugural meeting, election of the first Board of Directors was 
conducted. The seven-member Board consisted of Baruch Givoni, Gershon Grossman, Ami 
Katz, Joseph Nowarsky, Aharon Roy, Yeshayahu Segal and Harry Tabor. The members of this 
preliminary board worked out the first version of our by-laws, which were soon adopted by the 
total membership. 
  

The Section’s By-Laws state its main objective – to foster the science and application of 
solar energy utilization, with due consideration to the needs of the country. Rules of membership 
allow any individual or organization actively engaged in research, application or implementation 
of solar energy utilization to become a member, and describe the rights and responsibilities of 
Section members. The Institutes of the Section are its General Assembly and its Board of 
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Directors, to consist of three to seven members, including the Chairperson and the Secretary. The 
By-Laws further specify the rules for handling the Section’s finances. 

 
A chronological list of the Section Chairpersons, since its formation, is given below: 

 
1979 - 1990 Harry Tabor 
1991-1992 Israel Dostrovsky 
1993-1995 Gershon Grossman 
1996-2000 Harry Tabor 
2001-present Gershon Grossman 

 
 
2.2 Our Conferences 
 

The first National Symposium on Solar Energy Utilization in Israel was held at the 
Weizmann Institute, Rehovot, in June 1975, and the second followed at Ben Gurion University, 
Beer Sheva, in November 1976. Technion researchers organized the first International 
Conference on the Application of Solar Energy, held at the Technion, Haifa, in September 1978. 
Further national symposia, about once a year, were organized. 

 
Two types of national meetings are held regularly in our country. One is the ISES Section 

annual meeting, where members present the results of their research and other activities; we 
often invite representatives of the government and/or industry to discuss policy and plans. Part of 
the meeting is dedicated to the Section’s business. The other type of meeting is the Sde Boker 
Symposia on Solar Electricity Production, which have become a regular event since 1985. 

 
2.3 The Relation of our Section to ISES 
 

Formally we are a Section of ISES and as such our members are encouraged to become 
full members of ISES.  We also offer a local membership at a reduced fee, which some of our 
members prefer. Student and corporate memberships are also available. At the beginning, we 
collected the dues and transmitted its part to ISES. Automatically, ISES offered the Solar Energy 
Journal as part of the benefits, but our members could opt out for a reduction in dues. At present, 
members can pay their dues directly to ISES, or continue to do so through our Section’s office. 
During the first few years almost 80% of our members were also members of ISES. There were 
also substantial discounts for members of ISES to participate in ISES conferences.  
  
 
 

3. The 1980’s and beyond… 
 

After the second energy crisis of 1979 (the Khumeini revolution in Iran) oil prices 
dropped again and interest in solar seemed to decline worldwide. The Reagan administration in 
the USA cut many of the incentives to solar research offered during the time of president Jimmy 
Carter. Nevertheless, activity in Israel kept pace. 
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3.1 Academic activities 
 
Academic research has continued at Ben-Gurion University, the Technion, Tel Aviv 

University and the Weizmann Institute. These are the centers of solar energy research among 
Israel’s seven research universities. 

 
 David Faiman’s group at Ben Gurion University (BGU) constructed ‘PETAL’, a 400 m2 

multi-purpose parabolic dish reflector with adjustable concentration up to 10,000X (Figure 7). It 
also established an ultrahigh-accuracy PV test facility thanks to the almost perfect AM1.5G 
spectrum presented by the Sde Boker sky. It has pioneered research into the possible use of 
Fullerenes for PV cells, and has performed extensive research into a number of practical uses for 
highly-concentrating mini-dishes. 

 

 
 

Figure 7: ‘PETAL’- a 400 m2 parabolic dish reflector with adjustable concentration up to 
10,000X at Ben Gurion University, Sde Boker (2003) 

 
Important work is also conducted at BGU by Yair Etzion and his colleagues, Evyatar 

Erell, Isaac Meir and David Pearlmutter, at the Desert Architecture and Urban Planning Unit of 
the Institute for Desert Research. The work combines academic research with applied 
architectural design and is focused on passive cooling systems (radiative and down draft 
evaporative), passive heating, microclimate of open spaces and urban microclimate. One 
innovative project, conducted by Etzion and Erell, was the development of a reversible glazing 
system, allowing winter solar heating while neutralizing glare and fading of space content - and 
also helping in reducing summer heat gain - while maintaining the option of daylighting in the 
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space behind it. In the 1980’s Meir, Etzion and Faiman published  the design manual “Energy 
Aspects of Design in Arid Zones” which has become an important design tool and gained 
popularity among design firms, practitioners and students.  Research by Pearlmutter has shown 
how outdoor thermal comfort for inhabitants of desert cities may be enhanced through urban 
design at the scale of streets and neighborhoods.  Among the applied projects carried out by the 
Unit are the building of the International Center for Desert Studies, which combines earth 
sheltering, down draft evaporative cooling, passive and hybrid solar heating and an atrium with 
selective glazing. Another project is the Neve-Zin neighborhood, the first bio-climatic 
neighborhood in the country. In this project designers and house builders were given the 
opportunity, through the design of the neighborhood, to use passive techniques for maintaining 
thermal comfort in the houses, thus significantly reducing energy consumption. 
 
 In 1983, David Wolf and Abraham Kudish of BGU initiated a study on solar collector 
aging, installation and material problems together with Avraham Rudnick and Yeshayahu 
Kaplan of the Standards Institute of Israel. Panels and systems operating up to 15 years and more 
were tested and analyzed. They were the recipients of the 1986 Löf-Duffie Best Paper Award by 
ISES for the manuscript detailing the results of this study. In 1993 Kudish joined the late 
Avraham Kushelevsky in an investigation of the ultraviolet (UV) radiation at the Dead Sea. The 
purpose of this work was to develop a protocol for the treatment of skin diseases, e.g., psoriasis 
and atopic dermatitis, by natural solar radiation, viz., photoclimatherapy.  They have shown that 
the Dead Sea has a unique UV spectrum as a result of its location at the lowest point on earth, 
i.e., the attenuation by scattering phenomena is a function of optical path length and is an inverse 
function of wavelength. 

 
Aharon Roy of BGU has continued to study solar energy systems, both concentrating and 

PV panel systems, with the emphasis on the analysis of system performance and cost.  He is 
especially involved in the development of analysis techniques that provide a fair and unbiased 
inter-comparison of such systems. He embarked on a mission to inform government officials on 
the latest advances and the practical viability of solar power. In the 1990’s he was invited by the 
IEA (International Energy Agency) SolarPACES (Power & Chemical Energy Systems) to 
initiate, organize, lead and chair the international techno-economic activity - Evaluation 
Standardization (Task 3.2.3) and Israel has become IEA-SolarPACES member. There is 
continuing international activity in this developed discipline, which helps arrive at cost-benefit 
assessments of systems. Recent activities address the quantitative evaluation of environmental 
consequences of solar thermal hybrid systems - a must for enabling the design of better solar 
power plants. 
              

The laboratory for solar energy at Tel-Aviv University, Faculty of Engineering, is headed 
by Joseph Appelbaum and operates since the mid-seventies.  Basic and applied research has been 
carried out on photovoltaic components and systems, starting with the characterization and 
modeling of the single solar cell to the performance analysis of complete PV systems.  Special 
devices and algorithms have been developed to measure, model and analyze the performance of 
PV components and systems.  These include a solar cell simulator (Figure 8), a special DC to AC 
inverter for solar cells, an I-V curve tracer, a solar radiation sensor and a UV-B measuring and 
displaying instrument. Secondary reflectors for spherical and circular cylinder concentrators are 
under development in cooperation with Avi Kribus (Tel Aviv University) and a German partner. 
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Joseph Appelbaum was one of the leading investigators on the project of modeling the available 
solar energy on the Martian surface and determining the performance of solar cells on Mars. This 
solar radiation model was provided to the Jet Propulsion Laboratory (NASA, USA) and was 
incorporated into the computer model and used for the design of the solar array for the mission 
of Mars Pathfinder Spacecraft in 1997.  

 
 

   
 

 
Figure 8: Joseph Appelbaum with solar cell simulator developed at Tel Aviv University (1979) 

 
 
Solar thermal energy research has continued at the Technion’s Center for Energy 

Engineering headed by Gershon Grossman. Among the projects was a novel type of air heater, 
based on transparent insulation. The concept aims at reducing natural convection losses by 
pumping the air heated in the collector in a direction opposite to that of buoyancy. In the project, 
conducted by Gershon Grossman and Yoram Zvirin, a prototype collector was constructed that 
functioned well, and was made entirely of plastic materials, with significant cost reduction 
potential. A second project currently under way is a solar-powered liquid desiccant system for 
cooling and dehumidification, conducted by Grossman and Khaled Gommed in cooperation with 
several EU countries. Here, a hygroscopic salt solution is employed to extract humidity from the 
air, thus reducing its latent load; the solution is then regenerated with solar energy. The system is 
capable of using as its source of power low-grade solar heat, of the type obtainable from low-
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cost flat plate collectors, and has a potential to provide both cooling and dehumidification in 
variable ratios, as required by the load. A prototype system (Figure 9) has been constructed, 
complete with a collector field, and serves to air-condition a group of offices on the top floor of 
the Energy Engineering Center building at the Technion. A third project involves solar water 
desalination by distillation, using low-grade heat in a multiple-effect system. 

 
 

  
 
 

Figure 9: Solar-powered liquid desiccant system for cooling and dehumidification (12 kWt) at 
the Technion, Haifa (2003). The solar collector field is visible in the back of the picture. 

 
Work in the area of passive solar and its assimilation in architectural practice is 

conducted by Edna Shaviv, Guedi Capeluto and Abraham Yezioro at the Technion’s Faculty of 
Architecture and Town Planning. This group has founded the national laboratory "Climate and 
Energy in Architecture", sponsored by the Ministry of National Infrastructures. Research at the 
laboratory covers topics from energy consumption in buildings to bio-climatic urban design. 
These include the development of CAD Tools and their use for the development of energy-
conscious design guidelines, solar and wind rights in the urban environment, and daylighting in 
buildings. Selected recent projects include: recommendations for a national policy on reducing 
greenhouse gas emissions under the Kyoto Protocol; thermal performance of buildings and the 
development of guidelines for energy conscious design, including the development of a new 
energy code for buildings in Israel; climatic and energy aspects of urban design in hot-humid and 
temperate-cool regions of Israel - principles for climatic and energy design, determination of 
design strategies; bio-climatic and energy aspects in the construction of tall buildings in Israel; 
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solar rights in high density urban design, including the development of criteria and a simple 
design tool. 

 
Dan Zaslavsky of the Technion, while working on cost reduction in the aforementioned 

SOLMAT solar pond project, came to an interesting conclusion: the only chance to realize 
economically reasonable renewable energy would be from wind, bio-mass, hydro, or from other 
products of solar energy, but with no need for a solar collector of any kind. This belief gave birth 
to the project of "Energy Towers". The idea was first patented by Philip Carlson in 1975; 
Zaslavsky was not aware of this at the early stages, and started working on it independently in 
late 1982, supported by the Israel Ministry of National Infrastructures and by the Israel Electric 
Corporation. The principle is to build a very tall and large diameter chimney in arid zones; water 
is sprayed from the top, partially evaporates and cools the air, which in turn flows down and 
exits through openings at the chimney's bottom. Zaslavsky and his team have in effect produced 
a 24 hours wind machine with improved cost effectiveness by about 7:1 compared with Carlson's 
idea. The cost of electricity production for the south part of Israel has been estimated to be below 
that of conventional methods, with potential to produce well over all of Israel's electricity 
demand. The global potential has been estimated to be 30 times the whole world electricity 
production at a cost of 2-6 cents per kWh. At the moment efforts are under way to erect the first 
50 MW average power station with built-in pumped storage and sea water desalination at nearly 
half the conventional cost. 

 
In the early 1980’s, following Prof. Israel Dostrovsky’s vision, the management of the 

Weizmann Institute of Science (WIS) decided to develop high temperature technologies in order 
to increase substantially the contribution of solar energy on a national scale. Two large-scale 
research facilities involving high concentration of solar radiation have been constructed. The first 
was the solar furnace, built in 1983, capable of providing 25 kW of solar power at average 
concentration of 7500. Some of the pioneering work at WIS - solar pumped solid state lasers, 
solar chemical heat pipe based on CO2 reforming of methane, high temperature chemical 
reactors, secondary optical concentrating devices – was conducted at this facility during 1983-
1988 by groups headed by Amnon Yogev, Moshe Levy, Michael Epstein and others. The second 
facility was a solar tower (Figure 10), inaugurated in November 1988, capable of collecting 3 
megawatts of solar power using a field of 64 tracking heliostats, 55 m2 of reflecting area each. 
The tower itself is 58 meters high and contains four experimental levels, where several tests can 
be performed in parallel. This is a unique research facility with only two similar ones worldwide, 
one in the USA (Sandia, NM) and the other in Spain (near Almeria). The rationale behind its 
construction was the assessment that any development in the area of concentrated solar energy 
would require demonstration on a pre-industrial scale of about one megawatt. WIS undertook 
this national mission and built it as part of its long-term vision to introduce solar energy as a 
substantial component of the energy market. Several pioneering projects have been performed 
since, using this facility: A 2 ton/hour high pressure steam production system; demonstration of 
closed loop chemical heat pipe, capable of conversion of 450 kW solar energy into chemical 
form for storage and transportation (Epstein); development of a high temperature air receiver for 
solarized Brayton cycle (gas-turbine) and its demonstration on a 500 kW scale (jacob Karni); and 
solar pumped lasers (Yogev).  
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Figure 10:  Solar Tower at the Weizmann Institute of Science, Rehovot (1988) 
 

 
A major activity at WIS during the last decade was related to the production of hydrogen 

using solar energy. Different routes and processes have been studied and examined thoroughly, 
including steam reforming of methane (Epstein), cracking of methane (Abraham Kogan), direct 
splitting of water (Kogan), metal oxide thermochemical splitting of water (Epstein) and 
gasification of low grade solids, such as biomass (Epstein and Karni). The most advanced project 
is the solar reduction of zinc oxide to the zinc metal that can be stored, used in a zinc/air battery 
or react with water to generate hydrogen and recycled zinc oxide. This project is now 
demonstrated on a few hundreds kW scale by a European consortium and supported by the EC 
under the fifth program framework (FP5). Another EU-supported project, SOLASYS, 
incorporated a few European institutions and WIS and ORMAT from the Israeli side to 
demonstrate steam reforming of methane for the production of syngas for operation of gas 
turbine by ORMAT (Uri Fisher and Chemi Sugarmen). 

 
 
  

3.2 Industrial and commercial activities 
 

The solar collector and water heating industry continued to improve its products, with the 
export market in mind, while maintaining its domestic business. With approximately one million 
systems installed in Israeli homes, the domestic replacement market alone accounts for about 
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100,000 systems per year. This makes Israel (present population - six millions) the world leader 
in per capita use of solar energy. 

 
 Practicing architects have contributed to the advancement of passive architecture in 

Israel. Principal among them are Ruth Lahav and Tonny Rigg, Arie Rahamimov and Matti 
Konnes. 

 
Several commercial companies (apart from collector manufacturers) entered the solar 

field. Tabor had been interested in transparent honeycombs, as insulation for conserving energy 
in buildings. But there was no real activity in Israel and very little elsewhere, as the honeycombs 
available were found to be unstable. Some years later, in 1983, an ex-member of Tabor’s team, 
Ofer Novick, had an idea of a new method for producing plastic honeycombs. He succeeded in 
interesting a local industrialist, Shimon Klier, who set up a company AREL for this purpose. A 
number of panels were produced using the new method and some were shipped to Germany for 
testing. But architects then were very slow in appreciating the potential value of transparent 
honeycombs (saving energy was not an issue as it has since become): there were no buyers and 
the project died in 1989. 

 
ORMAT continued to develop new applications for its organic Rankine cycle (ORC) 

turbines. Since 1986, a 70 kW turbine is operating in the El-Paso solar pond in Texas to produce 
electricity. Lucien Bronicki noticed that there were geothermal sources in the world that were 
unexploited because the temperature was too low for steam engines; but the low-temperature 
ORC turbine could be used. Today, ORMAT is a multi-million dollar business supplying power 
units to low-temperature geothermal sources all over the world. Beginning in 1989, ORMAT 
together with the Israel Electric Company (IEC) and WIS, set out to prove the concept of 
operating a Brayton cycle gas turbine with solar energy only. Operation succeeded in 1991 at the 
Weizmann solar tower facility, but in solar only mode the turbine proved difficult to start and to 
control. 

 
In 1996, an Israeli industrial consortium named CONSOLAR was established under the 

auspices of the Ministry of Trade and Industry, initiated by Amnon Yogev of WIS. Its goal was 
to demonstrate and implement several of the aforementioned high-temperature technologies. 
Member industries set out to develop solarized gas turbines (ORMAT), concentrated PV with the 
option for beam spectral splitting (MALAM-IAI), volumetric receiver (ROTEM), and micro-
turbines (EDIG). Under this project, a new optical approach to the solar tower was developed 
and implemented. This unique optical concept is known as “beam-down” or “reflective tower” 
which affords the possibility to place the solar receiver and its associated equipment on the 
ground. The government-supported development program was terminated in 2001 and the 
industries are presently struggling with demonstration and market penetration of some of these 
technologies. 

 
Another Solar consortium was established under the umbrella of the United States-Israel 

Science and Technology Foundation (USISTF). ORMAT and ROTEM joined with McDonnell 
Douglass (today Boeing) and developed the know-how and tools for design and construction of 
small high concentration solar systems for the operation of a 250 kW gas turbine by solar energy, 
utilizing the beam-down optical technology. ROTEM developed the high temperature volumetric 
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receiver, ORMAT dealt with all power block aspects including gas turbine modifications in the 
control and fuel systems and high temperature ducting (Fisher, Sugarmen and Sinai). Design and 
evaluation of large systems (above 50 MW) was conducted by the partners along with a market 
study. 

  
The European 2001-2003 SOLGATE project (partially funded by the EU) led by 

ORMAT, with partners including the German aerospace center DLR and Spanish government 
energy agency CIEMAT, has the target of operating a small gas turbine in hybrid solar mode at 
the solar demonstration platform in Almeria, Spain. The project has already achieved most of its 
goals with the ORMAT Solar Turbine OST3 achieving ~240kW at ~20% thermal to electricity 
efficiency at the design point of 800°C at the combustor inlet. Testing is continuing with a target 
of 1000°C at the receiver outlet. This technology has the potential to be the most efficient and 
cost effective, achieving at least 40% efficiency in a full-scale base-load power plant with high 
solar contribution 

 
 One of Israel’s landmarks in the solar field is the story of the Luz Company. In 1979, a 
local entrepreneur, Arnold Goldman, a man with much vision and enormous energy, decided to 
go into the solar power business in a large way even though the general opinion at that time was 
that solar could not compete with power produced from fuel (or nuclear). To generate solar 
thermal power, he chose the tracking horizontal trough technology – à la Boys-Shuman of 1913 
– but employing improved absorbers with selective surfaces and mounting them in evacuated 
glass tubes. The collectors heated thermal oil that transferred the heat to a steam power plant  
(The next generation collectors were to generate steam directly). Goldman established his factory 
in Jerusalem, though the LUZ plants were erected in the Mojavee desert in Southern California -  
Goldman took advantage of a system of incentives provided by the State of California and the 
US government that made the whole project viable.  LUZ constructed nine plants totaling 354 
MWe generating capacity, unbelievable to most solar buffs, and these plants are still operating 
(under separate operating companies established after the collapse of LUZ). LUZ collapsed due 
to a complex coincidence of circumstances, including the loss of incentives under a new US 
administration that stopped the company’s funding at a critical point - when LUZ was building a 
very large unit, its 10th, 80 MWe plant. LUZ was caught short of cash and folded in 1992. 
 

 SOLEL Solar Systems Ltd., founded in 1992 following the demise of LUZ Industries, 
purchased LUZ’s intellectual property rights and manufacturing facilities. Former employees of 
LUZ wanted to ensure that the technology that had been developed would continue to be 
advanced both technologically and commercially.  Headquartered in Beit Shemesh, near 
Jerusalem, SOLEL continues to supply expertise and spare parts to the solar plants in Southern 
California. The company has dramatically increased the thermal efficiency of the collecting 
tubes and yearly output of the solar fields there, by up to 20% since LUZ. In addition, SOLEL 
has developed an innovative range of solar energy applications in the areas of central power, 
distributed power up to 10MW, water and space heating and solar cooling solutions for the 
industry /commerce, as well as solar desalination. In 2000 SOLEL launched an innovative 
distributed solar thermal cogeneration power plant at its own facilities. With assistance from the 
EU, the company built a plant to meet 30% of its own energy demands, reduce the cost of 
electricity, and demonstrate its capabilities. The plant comprises 48 m long solar collectors 
installed 10 meters above the company's parking lot and produces 450 kWt at 300oC, used to 
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generate 50 kW of electricity, 30 TR of air conditioning, and water and space heating for the 
offices and factory. 
 

The landmark event of recent years was the Solar World Congress held in Jerusalem in 
July 1999, on the 45th Anniversary of the International Solar Energy Society. The Congress was 
held under the theme Solar is Renewable, adequately representing a meeting on the threshold of 
the 21st Century.  The event also marked the 20th anniversary of the Israeli Section. With Yoram 
Zvirin as Congress Chair, Gershon Grossman as Scientific Committee Chair and Dubi Dvorjetski 
as Congress Secretary, the Congress was a successful event - attended by over 520 participants 
representing 47 countries. The Program included 207 oral presentations that ran in six parallel 
sessions during the five days of the Congress, and 149 poster presentations in three main 
sessions. In addition, 10 plenary lectures and 14 keynote lectures were presented. A business 
track under the title Solar Means Business included presentations and discussions on market 
implementation of solar technology. The Congress further included two panel discussions and 
two workshops. An exhibition presented the latest in solar products. 

 
 

 
 
 
Figure 11: Welcome reception at the July 1999 Solar World Congress, Jerusalem. Left to right: 
Dubi Dvorjetski (Israel), Congress Secretary; David Mills (Australia), ISES President; Cesare 
Silvi (Italy), ISES President-elect; Yoram Zvirin (Israel), Congress Chair; Gershon Grossman 

(Israel), Congress Scientific Committee Chair 
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Figure 12: Harry Z. Tabor chairing a session at the July 1999 Solar World Congress, Jerusalem   
 
 

As we enter the year 2004, several promising developments are taking place in the area of 
solar energy in Israel. Public awareness of environmental issues is on the rise, along with explicit 
support for replacing polluting fossil fuels with renewable energy sources. Solel, the successor of 
Luz Industries, is now closer than ever to building Israel’s first solar thermal power plant, 
employing the Luz technology of the SEGS plants in California. An area has now been selected 
for this purpose in the Negev. The Israeli Section of ISES has made it a goal for itself to help 
convince the government to take concrete steps in further increasing solar utilization in the 
country. Avraham Arbib - Section Secretary, and Gershon Grossman – Chairman, met with the 
Minister of National Infrastructures on Arbib’s initiative of to offer the Section’s support in 
professional issues and to point out possible governmental initiatives. A peculiar situation exists: 
While most Israeli homes use solar energy for water heating, making the country the largest per 
capita user of solar energy in the world, solar utilization for process heat in the industrial sector 
is close to nil. We proposed a set of government incentives, which were received favorably by 
the Minister, who instructed his aides to explore the issue further. The Minister also proposed a 
solar exhibition at the Knesset - Israel’s parliament – on the longest day of the year, in which the 
Section will take an active role.  
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