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INTERNATIONAL COOPERATION: A KEY FACTOR IN ISRAEL'S
STRATEGIC ENERGY POLICY
Moshe Shahal,

Minister of Energy and Infrastructure

Having successfully weathered two energy crises, Israel has
striven to reduce it's dependence on imported oil and to
ensure reliability of supply. The recent drop in oil prices
has not changed this basic policy, though different means
for implementing it are now emphasized. The waning of OPEC's
power over the market has made it possible to choose a basket
of energy resources that is more reliable and less costly to
the Israeli economy, while reducing the strategic danger
inherent in dependence on imported oil.
Among the ways in which Israel has implemented this policy
are: 1. Diversification of energy sources and suppliers.
2. Building up strategic researves. 3. Energy conservation
activities. Israel has chosen three additional means to
reduce it's dependence on imported oil and to lessen the
attendant economic and strategic risks: 1. Domestic oil
exploration. 2. Encouraging development of indigenous
energy sources. 3. Cooperation with other nations on
development and implementation of energy technologies.
Because of the large investments required to develop new
energy technologies, Israel has 'chosen to focus it's efforts
in two fields: solar energy and oil shale. This policy is
aimed at increasing the chances of developing commercial
technologies and creating the basis for international cooperation. By the year 2000, Israel will be able to supply
about 8% (by conservative estimate) of it's energy consumption
from solar energy, shale, and other indigenous sources.
The share of oil in total energy consumption will have
declined to about 54%. International cooperation, an
important factor in Israel's strategic energy policy, could
improve the picture even further. Israel has been active
for many years in three areas of International cooperation:
1. Joint funding of projects for development of energy
technologies. 2. Barter deals involving know-how and
readily-apnlicable technologies. 3. International commerce
in technological know-how. Among the outstanding examples
of such cooperation are: 1. Planning and construction of
solar electricity projects and transfer of know-how by Luz
International.

Moshe Shahai (cont'd)
2. Cooperation agreement with the United States Department
of Energy in solar energy and oil shale development.
3. Contacts with a European consortium concerning construction
of a solar power station in Israel. 4. Construction by Ormat
Limited of Geothermal energy projects in the United States
and Latin America, and transfer of know-how. With all that
has been done, much more could be accomplished through cooperation between Israel and other nations, especially
in the Third World. The Israel Ministry of Energy and
Infrastructure has prepared many proposals for International
cooperation, both with developing countries and with other
nations in our region. Israel's geo-political situation
has not permitted us to pursue these projects at the pace
we would like. Currently, Israel is focusing on cooperation
with it's neighbour to the south, Egypt.
As the crucial role of technology in tomorrow's world
becomes clearer, there is an increasing recognition that
only International co-operation can speedily bring progress
to those who most need it. The trend today is towards
increased International cooperation in all areas of
Technological development, including energy. Israel's
participation in this growing network of cooperation .
represents a policy of enlightened self-interest: it can
bring benefits to Israel, while enabling this country to
contribute to the world effort to secure a better energy
future.
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IMPROVING ENERGY SECURITY THROUGH INTERNATIONAL
COLLABORATION

DAVID B. WALLER, ASSISTANT SECRETARY FOR INTERNATIONAL
AFFAIRS ANTJTMRGY EMERGENCIES, DEPARTMENT OF ENERGY
WASHINGTON, D.C.
USA
The Department of Energy's March 1987 "Energy Security Study"
shows that by the mid-1990s the free world v/ill be dependent
upon the Persian Gulf for 65 percent of its oil. This
potential future reinforces the fact that energy cannot be
viewed as an isolated concern. Political relationships,
national security, economic interests and environmental
concerns require international coordination and collaboration. The United Stages' international energy security
policy depends upon our ability to deal with future energy
supply disruptions, both domestic and international. This
ability can be enhanced by energy security policies such as:
o Strategic oil stocks should be increased and procedures
for an early, coordinated stockdraw should be established;
o Barriers should be removed that prevent development and
trade of secure energy supplies;
o Contribution, in all possible ways, to the peace and
stability of the Middle East;
o Enhanced collaboration in energy research and development
so that we may all.increase our indigenous energy base and
our efficiency in the use of this vital commodity.
Our collective challenge for the future will be to focus
on policies that will allow"our?economies, to benefit from
the operation of free and competitive markets, and also
ensure adequate economic and national security at a minimum
cost. We will be more successful if we pursue these policies
collaboratively than if we pursue individual and independent
courses of action.
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THE WORLD ENERGY CONFERENCE
AN ALTERNATIVE APPROACH FOR INTERNATIONAL CO-OPERATION
IAN LINDSAY
SECRETARY-GENERAL
WORLD ENERGY CONFERENCE
-

FOUNDING AND HISTORY OF THE WEC
TODAY'S WORLD ENERGY CONTEXT
INTERNATIONAL ENERGY CO-OPERATION IN TODAY'S WORLD
THE ROLE OF THE WEC TODAY WITH PARTICULAR REFERENCE
TO INTERNATIONAL ENERGY CO-OPERATION.

ENERGY R&D POLICY AND IMPLEMENTATION OF
ALTERNATIVE ENERGY SOURCES IN ISRAEL
Dr. Pinhas Glueckstern. Chief Scientist,
Ministry of Energy and Infrastructure, Jerusalem Israel

The essential
question
facing
Israel's R&D
policy- makers is what is the correct emphasis
for energy R&D in a small, resource-poor country,
which cannot match
the
massive
funds
being
invested worldwide, primarily by the economic
powers? Israel's answer is articulated in the
guidelines governing
ministry of
energy and
infrasctructure R&D activites* : 1) Development
of renewable sources (sun, wind), and other
indigenous resources (oil shale); 2) support of
research aimed at implementing technologies that
are approaching maturity on the world scene; and
3) Developing
original
Israeli
innovations,
fostering centers of excellence in local academic
institutions. Israel is currently investing about
$20 million per year for research and development
of new technologies
for
utilizing alternative
energy sources;
this sum is about 2% of
expenditures for imported fuels.
One third of
this sum comes directly from the R&D budget of
the Ministry of Energy and Infrastructure. Most
of the other two thirds comes from the Commercial
Sector; from public,
private
and
binational
resarch foundations;
and
from
cooperative
research agreements.
The Ministry of Energy
allocates at least
85% of its R&D budget to
applied research
and demonstration
of
new
technologies that have a reasonable chance to
become economically viable within 10 years.

Dr. Pinhas Glueckstern
(continued)
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The development of indigenous energy sources is
based on R&D and on the contruction of relatively
small demonstration
facilities
where
the
techno-economic characteristics of the various
technologies (indigenous and imported) can be
assessed, before a decision to erect large-scale
commercial installations
is taken. Successful
development of
economic
technologies
for
utilization of the two major indigenous sources oil shale and solar energy - will in the long
term, enable Israel to reduce its dependence on
imported sources.
These sources, along with
several lesser
inputs
(wind, hydroelectric,
biomass) may produce about 10%-15% of Israel's
electric energy at the beginning
of the next
century. Together with the use of solar energy to
provide hot water and low-temperature steam, and
the possibility of producing synthetic fuel, from
oil shale, indigenous energy may provide 8%-16%
(depending on the development scenario invoked) of
all primary energy required from Israel's economy
by the year 2000. The lower-bound scenario seems
more probable
at
present. The
higher-bound
scenario may prove realistic if fossil fuel prices
and/or the pace of technological progress exceed
projections.
In any case, conversion from oil to
coal for the bulk of electricity generation and
for some major energy consumers, along with the
increasing use of indigenous energy sources, will
reduce the share of oil in Israel's energy supply
"basket" from about 98% in 1980 and 75% in 1987 to
46-54% by the year 2000.

A LOOK AHEAD TO THE YEAR 2010: OUTLOOK FOR ENERGY SUPPLY
AND DEMAND AND THE IMPACT ON DEVELOPING COUNTRIES

Anthony A. Churchill
Director, Industry and Energy Department
The World Bank, Washington D.C.,USA
Overall energy demand will show moderate growth over the
next two decades. The developing countries will account
for about two-thirds of the growth in demand but this will
not be sufficient to have a significant impact on price or
supplies. Supplies will grow in line with demand with
no significant trend in prices from the hundred year average.
The problem of developing countries is not lack of energy
sources or supplies of fuels at reasonable prices but rather
lack of capital. Growing demands, particularly for electric
power, will strain the ability of these countries to raise
the necessary capital through present channels. New ways
need to be considered for raising these resources and
utilizing them more efficiently.

PRESENT STATUS OF ANAEROBIC DIGESTION STUDY IN JAPAN

Dr. Tatsuya Noike
Dept. of Civil Engineering, Tohoku University
Aoba, Sendai 980, Japan
Japan is the second largest oil-consuming country in the free
world, and its energy sources are almost entirely dependent
on imports. Seeing a stable source of energy-saving measures
, and at the same time, developing the alternatives to oil
to minimize the depending on oil are of critical importance
to Japan. Recent increases in the cost of energy have prompted renewed interest in anaerobic digestion process. A lot of
fundamental and practical studies on the upgrading of anaerobic digestion process also in Japan today, and fche valuable
and useful research results have been reported on the anaerobic two-phase digestion, anaerobic fluidizdd bed, anaerobic
sludge blanket and anaerobic BRC processes. Ministry of International Trade and Industry has carried out the research project called "AQUA RENAISSANCE '90" since FY 1983. In this
project, a new type of anaerobic digestion system with a membrane anaerobic fermenter has been developed for excellent
effluent, energy conservation, reduction of waste sludge and
a compact plant. Useful and interesting results have been
reproted on this research project. In Japan, as of 1984,
there were some 568 wastewater treatment plants of which about
250 were equipped with a digestion process. However, public
sewerage system has not been prevailed so widely that only
approximately 34% of population use it and 66% of night soil
of total population (including the collected sludge from
private purification tanks) is treated in the night soil
treatment plants,, There were 1229 collected night soil treatment plants of which 568 were equipped with a digestion process „ In these treatment plants, the anaerobic digestion process is operated mainly for the purpose of reducing the volume
of sludge produced and night soil and at the same time, stabilizing their qualitieso So far the digester gas has been
used in Japan mainly for heating the digestion tanko

CURRENT STATUS OF LIQUID METAL MAGNETOHYDRODYNAMIC
ELECTRIC POWER GENERATION TECHNOLOGY
H. Branover
Center for MHD Studies, Ben-Gurion University of the Negev, P.O. Box 653, BeerSheva 84105, Israel
The liquid metal magento-hydro-dynamic (MHD) electric power generation concept was
conceived about 20 years ago primarily for space applications. Later it was found that
this concept is also applicable for terrestrial applications and can offer a number of
advantages in comparison with more conventional power conversion technologies. The
Center for MHD Studies of the Ben-Gurion University in Beer Sheva, Israel, is involved
in an extensive R&D program with the aim of bringing the liquid metal MHD energy
conversion concept to full commercial application by the beginning of the 90's. A liquid
metal MHD energy conversion system performs a thermodynamic cycle which is
characterized by a number of special features not common in conventional thermodynamic
cycles. The most important feature, characteristic for most versions of liquid metal MHD
systems, is the unusual thermodynamic cycle with almost isothermal expansion of the
thermodynamic fluid which they perform. This isothermal expansion is caused by the
fact that the thermodynamic fluid (gas or vapor), while expanding, is surrounded by hot
liquid metal with manifold higher specific heat value. Modified Rankine cycles, Ericsson
cycles and homogenous cycles are performed in different types of liquid metal MHD
systems. Efficiency of the modified thermodynamic cycle can be 30% higher than the
efficiency of a conventional cycle performed between the same temperature limits. This
leads eventually to a substantially higher total efficiency of the conversion system. Other
positive features of the concepts under consideration are the absence of rotating
machinery, high reliability and availability, low maintenance demands, longer life-time,
etc. Liquid metal MHD electric power systems can utilize a great variety of heat sources
like conventional fuel combustion, fluidized bed combustion, solar and geothermal
energy, nuclear fission and fusion in the temperature range of 500-1500 K. The
application is also of a very wide range - from stand-alone power stations in remote ares,
retrofits of existing power stations, up to power facilities for space. Among different
terrestrial applications the cogeneration mode of operation fits liquid metal MHD facilities
best After completion of theoretical and experimental investigation of the main physical
processes involved, testing of components, development of a universal computer code for
design and optimization of the system, several fully integrated facilities in the 10 KWe
range were built and tested. The most advanced among these systems is "ETGAR-3"
which was put in operation in 1985. Since then this system has been tested for more
than 1500 hours (accumulatively) and no major failures occurred. Vast experience has
been gained in operating and controlling such systems. Tests of integrated systems
verified well all theoretical predictions. The large data base accumulated during these tests
permitted to enter the next stage of the program, namely, the development of an industrial

H. Branover (cont'd)
scale demonstration plant. The pre-conceptual design of this plant called ETGAR-5 has
been completed. ETGAR-5 will utilize a gravitational concept of a LMMHD facility,
will work with lead and steam as electrodynamic and thermodynamic fluids respectively at
a cycle high temperature of 653K. The ETGAR-5 plant is scheduled to be fully
operational in 1990 producing 1400 KW net electrical power. The mature commercial
system ETGAR-7, working at a higher temperature and producing 7000 KW net electrical
power, will follow about 2 years later. The paper considers also a number of possible
special applications of LMMHD systems, namely for co-generation of electricity and
process heat and also for desalination of sea water. Results of several detailed feasibility
studies are presented in the paper. The liquid metal MHD system matches especially
favorably constant temperature heat sources, e.g. solar collectors and fluidized bed
combustors.

ENERGY FROM THE WIND, WHERE ARE WE NOW AND WHERE
ARE WE GOING?
Helge Petersen
Consultant
Copenhagen, Denmark

The paper deals with three subjects of wind energy
technique and applications: (a) the-state-of-theart, (b) prospects for future development, and (c)
international cooperation. The state-of-the-art of
wind turbine technique and application is described,
ranging from large wind turbines for electricity
generation to small-scale wind turbines for charging
batteries or pumping water. Although it is risky to
make .prophecies, especially concerning the future,
some prospects for possible development are
outlined, pointing towards more cost effective wind
turbines and more efficient ways of applying them.
International cooperation is a must if we shall
succeed in extending the utilization of the clean
renewable source of wind energy. Some aspects of
international cooperation are mentioned, noting
actions taken by organizations such as United
Nations, UNDP/DTCD and FAO, the European Economic
Community, and also the collaboration of a number
of test stations for wind turbines' and projects in
bilateral collaborations.
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TOWARDS COMMERCIAL UTILIZATION OF ISRAEL'S OIL SHALE
RESOURCES
Dr. Joseph Yerushalmi
PAMA (Energy Resources Development) Ltd.
Tel Aviv, Israel
Israel's proven reserves of exploitable oil shale stand at
about 10 billion tons. PAMA carried out extensive studies on
the feasibility of using oil shale for production of oil and
of power (the latter by direct combustion of the oil shale).
The results of these studies show that, even at today's coal
prices, power from oil shale appears competitive. Accordingly
with the cooperation of the Ministry of Energy, PAMA has
already embarked on a program from demonstrating the direct
combustion of oil shale for power. The demo plant will in
fact be a commercial plant co-producing electricity to the
grid, and low-pressure steam for process application at a
factory adjacent to one of the major oil shale deposits. The
oil-shale-fired boiler is based on a circulating fluid bed
technology and is designed to produce 50 tons per hour of
high-pressure steam. The timetable calls for commissioning in
summer 1989. The investment in the combustion demo plant is
around 25 million dollars. Successful demonstration can pave
the way to significant commercial production of power from
oil shale in the next decade.
In winter '85, when petroleum prices collapsed, PAMA had
completed a detailed design of a demonstration plant for
production of oil. The design was an adaptation of an American
process employing a shaft-like reactor. This plan was shelved
and instead PAMA is developing a new extraction process
tailored to the properties of Israeli oil shale, thus
promising an advantage over existing processes developed
elsewhere. The process rests on the use of fluidized and
entrained beds, and the work is carried out in a pilot plant
which can process around 100 kg/hr of oil shale. Preliminary
results are encouraging.
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SOME CHALLENGES FOR CENTRAL RECEIVERS
I. Dostrovskv. Weitzmann Institute of Science
If solar energy is to become a major source in the future
it must be capable of meeting the needs of most end users.
To achieve this solar radiation must be converted to various
other forms of secondary and final energy forms, particularly
such that lend themselves to transmission and storage.
Most processes which can effect such conversions require
very high temperatures or high intensity of light or both.
The only technology available today for providingllarge
amounts of highly concentrated sunlight to a conversion process
is that of the central receiver. This technology is described
briefly and the various possible ways in which the concentrated
sunlight can be converted to other energy forms is outlined.
The high-temperature chemistry which may be carried out
with the energy delivered by central receivers, and the
photochemistry which may become possible with the high
intensity solar radiation can provide the key to the largescale contribution of solar energy to all of mankind.
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SOLAR-POND POWER—APPLICABILITY, ECONOMICS, AND SPECIFIC
EXAMPLES.
H.Tabor, The Scientific Research Foundation, Jerusalem.
B.Doron, Solmat Systems Ltd., Yavne, Israel.

The built-in storage characteristic of solar ponds
makes it possible to design a solar-pond power plant
(SPPP) to deliver its rated output at any time of the
year despite the seasonal variations of insolation.
This allows a SPPP to stand alone—of special interest
in developing countries—or,if connected to a grid,
to provide full rated output continuously. Economic
viability of solar ponds is discussed and depends
upon local circumstances. Two examples are given of
multi-MW(e) SPPP's proposed for Israel (latitude 32°)
and Bonaire (Dutch Antilles,latitude 12°). An appendix
amends previously published data on storage capability.
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ANALOGOUS OIL SHALE PHENOMENA IN ISRAEL AND JORDAN A POSSIBLE TOPIC OF COOPERATION
Tsevi Minster, Moshe Shirav (Schwartz) - Geological Survey of Israel
95501 Jerusalem
Ady Padan - PAMA (Energy Resources Development) Ltd.
Mishor Rotem, 86800 MP Arava
The proximity of the two neighbouring countries is reflected in
great
similarity
in their geological setting, and thus in
exploitable and potential raw materials.
The organic matter enriched sequence is located mainly in
Upper- Cretaceous rocks. The literature on Jordanian oil shales
defines the organic matter enriched sequence having a MaastrichtianPaleocene age and does not indicate that phenomena below the
underlying phosphorite unit. In Israel the bituminous sequence is
mainly in the Upper-Campanian - Middle Maastrichtian.
The Israeli oil shales proven reserves (defined by 10% organic
matter cut-off), are about 12 billion tons, mostly in the
northeastern Negev. Some of those reserves do not seem to be
exploitable, due to thick overburden and other local limitations.
Probable and indicated reserves are even higher than the above
figure. In Jordan, exploitable oil shale reserves (defined by - oil
yield > 5%; overburden/oil shale ratio < 2.5) in three of the major
deposits were estimated to be about 4.5 billion tons; indicated
reserves in those deposits and other occurrances are above 30
billion tons.
The Israeli northeastern Negev and the central Jordan deposits
were thoroughly investigated. Being on the same side of the main
Dead Sea fault zone, the well-developed sequences of the Yarmuk in
northernmost Jordan are comparable to those of the southern Golan
Heights; however, a paleogeographical reconstruction of the known
deposits and outcrops along the Dead-Sea fault zone places the rich
deposits of southern Jordan parallel to the barren sequences of
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Moshe Shirav (Schwartz) - Continued
southern Israel, a point worth to be further studied. Still, a
partial similarity between the deposits can be observed: for
example, the configuration of the Zefa-Mishor Rotem phosphorite and
oil shale bodies resembles that of the El-Hasa - Jurf-ed-Darawish
deposits. However, the close association between oil shale and
phosphorites, in the stratigraphic sequence and the depositional
basins, is by far more notable in Israel than in Jordan; it may stem
from the syncline centering tendency in Israel, compared to a
graben-like
depression system quoted from Jordan. However, a
different mechanism of deposition
is unlikely.
The
unique
development of the present day Meditteranean coastal plain in Israel
during the period of oil shale deposition, has no analogous deposits
to be found in Jordan.
The chemical and mineralogical properties of the inorganic
fraction of both Israeli and Jordanian oil shales is pretty similar:
the main
components are calcite, clay minerals and apatite
(increasing towards the lower part of the sequence), with quartz,
pyrite, gypsum and feldspar as minor components. Slight differences
are the high content of quartz in the Sultani deposit (Jordan) and
the relative distribution of clay minerals and various trace
elements. Surprisingly, the moisture content of the Jordanian oil
shales is much lower than that of the Israeli ones; different
sampling routines may partially explain this discrepancy.
When oil yield and calorific values are compared, it is
indicated that the average values from the Rotem-Yamin deposit are
slightly higher than those of Jurf-ed-Darawish (6.4% vs. 5.7% oil
yield and 1050 vs. 860 kcal/kg, respectively), while the properties
of El-Lajjun and Sultani raw materials are higher than indicated
from Oron (10.5% & 9.7% vs. 8% oil yield and 1300 & 1350 vs. 1250
kcal/kg, respectively). The slight difference between the calorific
values per percent of organic material may be attributed to
variations in the nature of inorganic components (assuming no
difference in H\C ratio). The trend of increasing oil content from
the upper layers towards the bottom of the oil shale sequence, above
the phosphorite unit, is equivalent for all reported deposits, both
in Jordan and Israel.
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Moshe Shirav (Schwartz) - Continued
With the above discussed great similarity in properties and
field distribution, the technoeconomical atitude to this energy
resource has been also almost identical, historically. In Israel
most of the industrial samples originated from a prospection tunnel
in Mishor Rotem; in Jordan such samples were mined at El-Lajjun.
This year, the eastablishment of a fluidized-bed based 14 MW boiler
is on its way in Mishor Rotem, to be completed by summer 1989. It
will be an up-scaled version of the existing demonstration plant and
would supply steam to the Rotem petrochemical complex and some
electricity to the state-wide net; thus, the execution of an
open-pit mine is on its way. Success of this stage may lead to the
foundation of oil shale based power stations near some of the
deposits. The information from Jordan states a program to build a
300 MW power-station based on a circulating fluidized-bed process,
near the El-Lajjun deposit. With present fuel prices, technological
activities concerning shale oil production are in lower priority in
both countries; however, it is further studied in the small
demonstration retorting unit in Israel, and continued to atract a
Jordanian pre-feasibility study for retorting plant in the scale of
50,000 bpd shale oil.
The matching between Jordan and Israel in so many areas
concerning oil shales, from the natural resource to technological
activities, has been only partally demonstrated herein. It thus may
be one of the first bi-national projects if and when the appropriate
political conditions will be generated.
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MEASURING THE EFFICIENCY OF FOSSIL FUEL
FIRED THERMAL POWER PLANTS — AN INTERNATIONAL COMPARISON

M.A. Bernstein, S.L. Feldman, A.P. Schinnar
The Energy Center and The Wharton School
University of Pennsylvania, Philadelphia, PA

19104

The importance of electric utility operating
efficiency has increased as electricity's share of energy
use has increased. Lack of utility infrastructure and
reliability in developing countries, can hamper industrial
development, making it increasingly difficult for countries
to attract major industrial investment due to unreliable and/
or expensive electricity. It is important therefore, to
evaluate electric supply productivity, examine the causes of
inefficient operation and track performance over time. In
this way countries can learn from each other's experience.
This paper has three main parts. The first is a discussion
of plant and utility operations which outlines the inputs to
the production of electricity and the relationship between
management decisions & technical limitations which come into
play when evaluating electric utility performance. The 2nd
presents the methodology (Best Practice Frontier) used to
analyze utility productivity. The third part provides results
from an analysis of fossil-fired generation in the 8 Asian
countries, and the U.S. Results from earlier research on U.S.
utilities are used for comparison purposes. The analysis shows
that Japanese utilites were efficient and had consistent
operations, while Taiwan's efficiency increased to 1980 but
decreased after that due to a shift away from fossil fuels.
Korea consistently increased its efficiency over a 10 year
period. Average efficiencies of U.S. utilites were below
those of the Northeast Asian countries, in particular if
compared to Taiwan and Japan, while average performance of
Southeast Asian power plants were roughly comparable to those
of U.S. utilities.
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The IEA's Country Review Process:

An Analysis

Professor Glen Toner
Department of Political Science
Carleton University, Ottawa, Canada
Other than OPEC, the major multilateral energy organization
is the International Energy Agency. It was created in 1974
in reaction to the events of 1973. IEA membership includes
most OECD countries. Many parts of the IEA program are
intended to strengthen international energy cooperation
among its members. The best known and highest profile of
these is the Emergency Oil Allocation System, which is
designed to share oil supplies among members in the event of
shortfalls due to supply disruptions or boycotts. Less well
understood is the Program for Long Term Cooperation (LTP),
which was agreed to in 1977 and includes a series of 12
Energy Principles. These Principles were meant to act as a
set of guidelines for members to follow in developing
national energy policy, in order to enhance both their own
and the group's energy security. This was to be achieved by
conservation and substitution for oil, by increasing indigenous production of alternative sources of energy and by
reducing the energy intensity of economic growth. The
Principles alrn called for stronger empl is on energy R.O.
and D,, including international collaborative projects coordinated by the IEA. To ensure the success of the LTP an annual peer group assessment system was put in place, whereby
energy officials of one or more IEA countries would travel to
another member country and assess that country's energy policy performance in light of the 12 Energy Principles. This
paper will analyse the LTP and the annual country review process of the IEA as instruments of international energy cooperation. The paper is based on primary research, including
extensive archival research at the IEA Secretariat in Paris
and a series of interviews with member country officials who
have been involved with the Long Term Office and the country
review process.
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DILEMMA OF INTERNATIONAL TECHNOLOGY TRANSFER
FOR THE APPLIED SCIENCES

Seymour Baron (presented hv M.
Associate Director, Brookhaven National Laboratory
Upton, NY 11973
The Reagan administration has recently initiated a major program
of transferring the technology from U.S. national laboratories to
industry. This new initiative capitalizes on billions of dollars
of taxpayers investment in applied sciences to aid U.S.industries
regain their international competitiveness in high technology.
The dilemma facing engineers and scientists working in the
applied science field at national laboratories, is to balance the
freedom of open scientific inquiry without endangering new technology transfer. The dilemma is compounded since applied scientists
work closely with basic scientists who freely report their findings. The dilemma could affect basic scientists who may be
inhibited in publishing should the possibility exist that their
work might have applied science implications.
How indeed does a scientist walk the fine line of free inquiry
while protecting the United States industrial competitiveness? In
some governments, particularly the Socialist governments, a
bureaucratic superstructure exists to monitor and approve the
output of engineers and scientists before publication. This form
of scientific management cannot function in the U.S. society and is
self-defeating to creative minds. The national laboratory must
establish a consciousness and awareness by our scientists to create
new ideas but practice self-regulation of sensitive industrial
information.
International technology transfer and cooperative programs are
vitally important to the United States as they are to other
countries. To succeed, the partners in a cooperative venture must
consider the returns are commensurate to the investment. The
author will review the experiences at Brookhaven National Laboratory in international technology transfer and discuss examples of
both successful and unsuccessful involvement in technology fields.
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A CRITICAL REVIEW OF THE ENERGY CONSERVATION PROGRAM IN
ISRAEL

/. Spiewak

Center for Energy Research, Welzmann Institute of Science, Rehovot,
76100 Israel

This paper compares Israeli energy-use trends with those In other
countries, discusses various strategies for achieving conservation,
reviews the programs of the Ministry of Energy and Infrastructure,
identifies deficiencies in the light of what is being done elsewhere, and
presents recommendations. Since 1973, oil consumption in Israel has
been relatively constant, compared with reductions of oil use in industrial countries and with increases of oil use in the developing countries. Electricity consumption has also grown more rapidly In Israel
than In the industrial countries, however at a rate roughly proportional
to the growth of gross domestic product. The Ministry has promoted
energy conservation through pricing policies, regulation, substitution of
coal and solar energy where applicable, providing incentives for
investment in energy conservation, public information, and research.
However, energy users generally lack access to the investment capital
required to increase the efficiency of energy utilization. There has not
been a strong effort by the national electric utility to encourage conservation of electric energy. Generally, there has been insufficient
analysis and evaluation of energy use trends by the Government. The
paper reviews new technologies to be considered for energy conservation and provides recommendations to the Ministry of Energy and
Infrastructure.
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' THE EUROPEAN COLLECTOR AND SYSTEM TESTING GROUP ' , A CONCERTED
ACTION OF THE COMMISSION OF THE EUROPEAN COMMUNITIES .
Aranovitch E. , Gilliaert D.
CEC - Joint Research Centre, 1-21020 Ispra, Italy.
Gillett W.B. , Bates J.E.
Sir William Hal crow & Partners Ltd, Burderop Park, Swindon
SN4 OQD, UK.
Antinucci M.
Conphoebus Spa., Via G. Leopardi 148, 95127 Catania, Italy.
The use of solar active and passive systems in modern
architecture will require an extensive normative activity in an
area, the building construction area, where the rules of the art
play an essential role.
In the field of thermal performance, and durability and
reliability testing of solar collectors and active systems, a
collaboration with the participation of more than 20 european
laboratories has been active for 10 years and is at present
directed by the Joint Research Centre of the Commission of the
European Communities.
Within this collaboration, the european Collector and System
Testing Group has produced test method recommendations which have
been widely used by national
standard institutes, the
International Standards Organization and also the European Board
of Agrement.
The last 4 years programme, which ended in december 1987,
concentrated on the development of both thermal performance
prediction and durability test methods for .unglazed and air
collectors, and for solar domestic hot water systems.
Besides the proceedings of the experts meetings held on a half
annual
basis, 6 final and technical documents are under
publication. They are based on the theoretical and experimental
work carried out by the collaborating laboratories and include
test recommendations.
The paper will give an overview of different activities and
typical results will be illustrated.

A TESTING FACILITY FOR HEATING AND COOLING APPLIANCES

Alexis C. Pittas
Department of Civil and Mechanical Engineering
Hobart, Australia

A cavity wall type calorimetry laboratory has been designed
and constructed primarily for performance testing of wood
stoves which, because of the availability of fuel, are
widely used in Australia. The transient mode of operation
of solid fuel heaters imposes particular demands on the
design of a suitable testing facility. These demands are
met by this facility whose design incorporated a number of
unique and important features. Further, flexibility of use,
built in the design, renders the facility suitable for
thermal performance and flue gas emission testing of any
heating appliance with outputs in the range 1.0 to 30 kW.
Cooling appliance of similar outputs could also be tested.
The Calorimetry Room is a chamber within chamber type of
arrangement. The inner test chamber of capacity 27m3 being
constructed of low thermal capacitance, low resistance wall
material separated by a 50 mm air gap from the outer chamber
whose construction walls are made of 70 mm thick polystyrene
and sheet metal sandwich panel. The facility is serviced
with a specially designed 12T capacity R12 refrigeration
system, which provides chilled water for a cavity air cooling circuit and for an air to hot water heat exchanger
system in the test chamber. Energy balances can be carried
out effectively through a small number of easily and reliably measured quantities. The facility is fully instrumented
for measuring wet and dry bulb temperature, pressure, flow,
flue gas analysis etc. It has been modelled mathematically
for steady and for transient mode of operation, it has also
been calibrated and shows high accuracy and good thermal
response characteristics.

IMPROVING ENERGY EFFICIENCY IN WATER SUPPLY SYSTEMS
Y. Kadar, Mekorot Water Company, Ltd., Tel-Aviv, ISRAEL
The total water consumption in Israel for municipal agricultural and industrial uses amounts to 1.9 billion cubic
meters per year.
The water supply systems consist of water pumping from lake
Kinneret, which is 210 meters under sea level, and from
groundwater aquifers. Electricity consumption for water
supply amounts to 2.1 TW-hr per year, giving an average
specific energy of 1.1 kw-hr per cubic meter. Mekorot, as the
National Water Company of Israel, supplies 65 percent of the
total water consumption using 2^00 pumping units. The electrical requirements for water pumping and distribution are
about 1.6 TW-hr per year, with a total power of 500 MW. In
the last 5 years Mekorot has initiated several steps in order
to improve the energy efficiency of the supply systems and
so reduce the energy costs. The various steps are as follows:
1. Improving the operational control of energy management in
the pumping facilities using programs for planning energy
consumption. 2. Executing various projects in the following
areas: a) Repairs and/or overhauls of pumps and motors, b)
Reducing head losses in pipes, valves, etc. c) Construction
of hydrauelectric turbines, d) Use of variable speed pumping,
e) Control of water supply systems using computer modeling
and optimization programs for water systems operation, f)
Construction of storage resevoirs in order to operate the
pumping units according to time-of-use electric rate. In the
last five years Mekorot reduced the electrical consumption
by 60 GW-hr per year with an investment of 8 million dollars.
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EFFICIENCY OF A COMBINED SOLAR AIR COL LECTOR-HEAT PUMP
Prof, P.DEHON
Faculte des Sciences Agronomiques de I'Etat a Gembloux
2 , rue des Wportfe, 5800 Gembloux, Belgium.
Tests have been realised on a combined air collector-heat pump. The collector is
roof integrated. Originaly, flat solar collector have been constructed in reduced size
using current and cheap materials fn Gembtoux (Belgium). Tests have been mads
during summer 1982 to evaluate the efficiency of those collectors. A selection
between the different materials has been operated concerning: cover-plate,
absorbers and insulators. Based upon the conclusions obtained in 1982, test of hay
drying have been realised during summers of 1983 and 1984 ( 1 n small cell)
During the summers 1984 to 1986, a shed-roof constituted of zinc sheet ( 2 4 m2)
has been modified to realise efficiency measurements of roof-col lector and drying
of grains (barley and colza). Those studies allowed us to precise: efficiency, cost,
durability of the system and the drying possibilities of farm produces.
I n 1987, we analysed the combination of this collector with an air-water heat
pump. The aim of the study was to analyse the possibi Hty of a longer use for the
solar collector and also to test the growth of the performance coefficient of the
system. Based on measurements, we established relations between: a)energ/
deiivred by the condenser and water mass flow rate and temperature at the inlet of
condenser, air temperature at the inlet of evaporator, b) coefficient of performance
(COP) with the same parameters
A simulation of all the system is then effectuated over a whole year to precise: the
effect of the collector on the efficiency of the heat pump, the influence of various
parameters; area of collector, hours of use, water mass flow rate, the evolution of
the COP during the day.
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DEVELOPMENT IN ENERGY TECHNOLOGIES
UNUSED HEAT RECOVERY IN ENERGY INTENSIVE INDUSTRIES
Hilel Legmann, Ormat Turbines Ltd., Yavne
The heat balance of an energy intensive plant shows that
substantial amounts of heat are wasted through gases at
medium and low temperatures.
In principle, direct utilization of these heat streams
for drying raw materials, preheating combustion air or
space heating should generally be given preference.
However, there are a significant number of plants where
the recycling of the heat is impossible and therefore
generation
of
electricity
may
be
a
realistic
alternative.
In the following paper, the technical aspects of a heat
recovery system for electrical power generation will be
described.
It will be shown that the ORGANIC RANKINE CYCLE (ORC)
technology is better suited to generate power from these
streams than any other technology available today.
A typical cement kiln line and a Ferrosilicium plant
will be taken as examples.
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PEAK POWER DEMAND IN AN APARTMENT BUILDING:
A CASE STUDY OF AIR CONDITIONER USE
Willett Kempton, Arthur E. McGarity, Center for
Energy
and
Environmental
Studies,
Princeton
University, Princeton, New Jersey 08544, USA; and
Daniel Feuerntann. Applied Solar Calculations Jacob
Blaustein Inst. for Desert Research, Ben-Gurion
University of the Negev, Sede Boqer, 84993 Israel.
The operations of 13 air conditioners were
monitored over a cooling season in 8 apartments of
a 62 unit apartment building in Trenton, New
Jersey, USA. The effect of air conditioner use on
peak electricity consumption was studied and shown
to be a dominant factor.
The peakedness of the
electric load was found to be strongly affected by
user behavior.
Interviews with the tenants revealed that, even though cost of electricity is
included in the rent, a number of non-economic
factors limits the use of air conditioners. Ambient
temperature and time of day were observed to have
major effects on the occupant's decision to turn
air conditioners on or off.
Energy consumption by
apartment for cooling varied by two orders of
magnitude.
Average comfort temperatures, during
air conditioner operation, were found to range
betweeen 22.2 and 28 degree Celsius.
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ICE STORAGE - EXECUTION AND APPLICATION

G. HOETERICKX
BALTIMORE AIRCOIL INTERNATIONAL
3100 HEIST O/D BERG - BELGIUM

Cooling loads and the needs for chilled water will be variable
in most industries and contort air conditioning installations.
Also most of all occur when demand for electricity power
is the highest - which means when electricity tariffs are
the highest.
Thermal storage and in particular ice storage systems provide
an easy solution to reduce the energy cost by producing
the cooling capacity in periods with lower electricity rates -

for example during the night.
Every thermal storage system includes an ice accumulator,
a feed system and a chilled water system. To produce the
ice in the ice accumulator either a refrigerant or a cold
ethylene-glycol water solution can be used. Both feed systems
have their advantages and disadvantages.
The design of the ice accumulator unit must meet several
criteria as storage capacity, melt-off capacity, insulation
caract eristics.
In the past years Ice Storage Systems have been successfully
used in several types of industries as dairies, breweries and
the food industry, as well as in air conditioning installations.
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EXPERIMENTAL STUDY ON ENERGY CONSERVATION
IN A SEASONAL HEAT STORAGE IN THE GROUND
M. HARDY and al.
Commission of the European Communities
Joint Research Centre - ISPRA (VA)- Italy
G. DE G1ORGI and al.
ENEA - ISPRA (VA) - Italy -

This paper concerns a system of heat conservation in the ground.
The main part of the seasonal heat storage is constituted by a
volume of 3000 m of the ground (silt-clay) thermally isolated at
the upper surface and heated through 36 vertical steel tubes, 10m
long and 0,20m diameter; they are placed in a square net with a
spacing of 2,5m.
A heating pin, inside which a heat transfer fluid is circulating,
dives into each of these tubes, filled with a buffer fluid. These
pipes are supplied by 3 concentric and separate circuits, used
for heat charge and discharge, according to a definite strategy.
The heating circuit is constituted by 180m of solar collectors;
the circuit of heat use is simulated by a heat exchanger and a
water to water heat pump.
After 3 cycles of charging and discharging of the storaged heat,
the aims of this study are showed: verification of the
technological reliability of the chosen solutions; definition of
adequate measuring techniques and monitoring procedures; the
evolution of the thermal performance with introduction of a
graphic visualization of the thermal equilibriums.
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PUBLIC ACCEPTANCE OF ENERGY TECHNOLOGIES
Michael Kohn, Chairman of the Energy Commission of the
International Chamber of Commerce (ICC), Paris/Zurich
The Author first describes the mounting resistance of
the public, especially in industrialized countries
towards the introduction of new energy technologies
and the realization and operation of energy producing
facilities. The Author analyses the causes and reasons
for this intriguing societal problem and its political
and economic consequences. To overcome this negative
reaction and to close the credibility gap between the
technologists and the society, public understanding must
be improved. This is a topic not only for the politicians,
but also for the energy expert and manager. The Author
describes a series of recommendations to the energy
business community how public acceptance could be"promoted.
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UNITED NATIONS PROGRAMMES FOR THE ESTABLISHMENT OF SMALL-SCALE
HYDROPOWER PROJECTS IN DEVELOPING COUNTRIES
Dr. N. Beredjick .Deputy to the Under-Secretary-General and
Director, Natural Resources and Energy Division, Department
of Technical Co-operation for Develoment.
Dr. E.K. Leo, Chief, Energy Resources Branch United Nations
Programmes, undertaken by the Department of Technical
Co-operation for Development (DTCD), for the establishment
of Small-Scale Hydropower projects in developing countries,are
reviewed, describing inter-alia the scope of activities
carried out such as site identification, feasibility and
desighn studies, and construction and commissioning of plant.
The programmes are undertaken in the context of the needs
and requirements of dispersed populations and rural
communities in developing countries,. The approach adopted
emphasizes the need to reduce the costs of electricity
supply in isolated areas as a substitute for imported
fossil fuels, in particular diesel oil, which command higher
prices due to high transportation costs to remote or isolated
areas. The paper examines inter-alia the methodologies
employed in the survey, and the economic factors in comparing
small-scale schemes without interconnection, and larger scale
schemes based on the utilization of connected grids, the
technologies proposed with particular focus on the scope
for local participation in the construction stage of the
sites found suitable for small-scale hydropower development.
Details are provided for some twelve small-scale hydropower
schemes (one each from Tanzania, Mozambique, Sudan, Ethiopa,
Fiji, Somalia* Dominican Republic, Solomon Islands, Bolivia,
Sierra Leone, Indonesia and Zambia) highlighting particular
aspects within the context of the industrial economic and
social situation prevailing inthose countries. The paper
concludes with a series of general recommendations on the
formulation of small-scale hydropower development schemes in
developing countries and the potential for the adaptation of
readily available technologies for harnessing small-scale
hydropower for the economic and social development of the
developing countries.
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UNITED STATES PHOTOVOLTAIC PROGRAM
T. Surek, Solar Energy Research I n s t i t u t e , 1617 Cole Boulevard
Golden, CO 80401, U.S.A.
The U.S. Department of Energy's (DOE) National Photovoltaics
Program: Five Year Research Plan, 1987-1991 describes an
aggressive research program i n photovoltaic materials,
devices, modules, and systems to establish the technology
base f o r cost-competitive photovoltaic e l e c t r i c i t y . In the
long term (year 2000 and beyond), the goal is to achieve
photovoltaic generated e l e c t r i c i t y produced at a 30-year
levelized cost of 6 cents per kilowatt-hour. In the near term
(early 1990-s), the Program intends to gain the technology
improvements needed to produce e l e c t r i c i t y at 12 cents per
kilowatt-hour. .The Program i s persuing p a r a l l e l development
paths toward these goals, including f l a t - p l a t e t h i n ^ i l m s ,
f l a t - p l a t e c r y s t a l l i n e s i l i c o n , and concentrating c o l l e c t o r s .
The Program i s under the d i r e c t i o n of the Photovoltaic Energy
Technology Division of DOE, w i t h i n the research a c t i v i t i t e s
performed and managed by the Solar Energy Research I n s t i t u t e
and Sandia National Laboratories. Program implementation is
based on partnerships among the federal government, private

industries, universities, and electric u t i l i t i e s .
In spite of decreasing federal budgets in recent years, the
technology has continued to make significant advances. Improvements in materials and processing, solar cell design, and
cell fabrication techniques have led to new records in cell
efficiencies in nearly a l l material areas. Advancements in
module efficiency, cost and r e l i a b i l i t y have resulted in a
growing l i s t of U.S. u t i l i t i e s that are testing photovoltaics.
The continuing successes may be attributed to three factors:
the strength of the technology; the health and agressiveness
of the industry, as exemplified by cost-sharing of research
programs; and the cost competitiveness of the product in
an increasing number of applications. This presentation w i l l
review the recent advances in photovoltaic technology, and
discuss the prospects of meeting the near and long-term
DOE Program goals.
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TRANSPARENT INSULATION:
CONCEPT AND APPLICATIONS

OFER NOVICK
AREL ENERGY (ARGAMAN) YAVNE, ISRAEL.

A. novel approach has been developed in the field of transparent insulation. This approach is based on the action
of a thin walled honeycomb structure as an efficient
convection suppressor and thermal radiation barrier, while
maintaining high transmissivity throughout the solar
spectrum.
The optimal combination of solar transmittance and thermal
transfer may be tailored to specific applications.
Representative values are 75% transmittance (diffuesd
solar) and 1.0 W/M2*jC heat transfer.
The basic approach has been converted into a technology
and an available product, which has hitherto been
successfully tried in the following applications:
1) Saltless solar ponds, having modules which contain the
transparent insulation medium as covers. The ponds are
applied for central supply of domestic hot water and
combine large storage capability with high efficiency.
These ponds may also be used as thermal reservoirs of
other energy sources for convenient, efficient and
inexpensive means of load management.
2) Domestic water heaters, avoiding freezing risks in
integral collector-storage devices operating in cold
climates.
3) Passive (architectural) units for a variety of uses,
including wall panels, skylights and greenhouse roofing.
4) Process heat collectors, yielding performance superior
to vaccumm tube collectors at much simpler technologies.
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SOLAR PUMPED LASERS
A. Yogev, Weizmarm Institute of Science, Isotope Research
Dept., Rehovot 76100, Israel
Most of the research in concentrated solar radiation is devoted to the formation of electric power by means of high
temperature heat engines. Electric power is not an end
product, it is only a vehicle to transfer the energy. When
the end product is a chemical product, it is necessary to
convert the electric power again to thermal energy. Another
possibility is direct application of solar radiation. Thermodynamically, there may be an advantage to photochemical
reactions obtained by nonochrcmatic radiation. Since solar
light is not monochromatic it is possible to "process1' it by
pumping laser materials within a laser cavity and obtain coherent ncnochromatic radiation. Commercial laser materials
can produce laser energy which corresponds to 50% of the
light energy that was absorbed, the rest of the light is
not effected and is available for farther use. The resulting laser light can be transferred through the atmosphere
for short distances from the desert location where it is
produced to Industrial zones. Industrial .lasers which are
pumped electrically, produce laser energy at a price between
5 to 50 dollars per KWH. This price results from the high
capital cost and low conversion efficiency. A coherent photon is more expensive than a molecule and laser radiation
cannot be used in large scale In the chemical industry.
Since the price of concentrated solar radiation is low, and
the solar laser is Inexpensive, it is possible already with
present technologies to obtain solar pumped laser light at
prices similar to electric power and hence applicable to the
chemical Industry. Under investigation are three major systems: (1) Solid lasers (including glasses); (2) Liquid lasers; (3) Gas lasers. The facilities that are used in the
project are: (1) Laboratory simulators to test preliminary
concepts. (2) A solar furnace of 20KW power. (3) A heliostat field of 3MW power equipped with a laser laboratory.
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B&D ON THE STRUCTURAL SOLAR COLLECTING SYSTEM

J.H. LEE
P.C. AUH
Korea Institute of Energy and Resources
P.O. Box 339, Daejeon, KOREA
Conventional solar heating systems consist of solar
collectors, storage and control systems. These additional
installation makes the solar heating system to be complicated,
and thus require high cost and more maintenance compared
to the conventional heating system. Furthermore,
architectural estetic sence of the building may be damaged
since the solar collectors are exposed to the outside (e.g.,
on the roof or wal 1).
If the solar collectors can be replaced by building structure
itself, most of the above mentioned problem can be solved
with the additional advantage of easy heat control. This
concept is termed the structural solar collecting system
(SSCS), hereafter.
SSCS consists of rigid polyorethane foam sandwitch panel
covereu with glass or plastic. SSCS installed on the roof
can be used for the applications of hot water, space heating
or cooling. Firstly SSCS can be operated as water-trickle
collectors for the hot water applications. Secondly SSCS
works as air-type solar collectors for the space heating by
forcing air pass through with fan. Lastly during hot summer
season, SSCS collectors can be utilized for cooling by
natural convection of the air circulating fro* the opened
bottom to the opened top or by let water flows down from
the top to bottom. Also the SSCS installed on the wall
operate as the indirect passive solar system, too.
In Korea these rigid polyurethane foam sandwitch panel which
is a basic component of SSCS are mass-produced and applied to
indoor swimming pool, office building, low temperature
industrial heat process and houses, etc. This paper deals
with the research and development of the SSCS
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EVALUATION OF BEAM QUALITY AND TRACKING ACCURACY OF
HELIOSTATS
F. Ramos ASINEL, Mostoles, 28930 Madrid, Spain
M. Epstein. D. Lieberman, Weizmann Institute of Science, Rehovot,
Israel

This paoer describes a Beam Measurement System (BMS) developed specifically to determine the beam quality and the tracking
accuracy characteristics of 64 heliostats that are installed in the
Solar Tower Research Facility at the Weizmann Institute of Science,
Rehovot. The system consists of 37 pyrheliometer sensors distributed radially on a square target, the target is installed on the roof
of the Tower Facility. It is tilted down and is capable of being
rotated around its vertical axis. This enables one to direct the target tov/ards the heliostat that is being measured. The data acquisition is ca-ried out by an IBM/AT microcomputer.
The algorithms for calculating the beam quality and the tracking
accuracy as well as typical tests results, are included in this paper.
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THE ROTATING PRISM WALL: MATHEMATICAL MODEL, ITS
VALIDATION, AND OPTIMIZATION PREDICTIONS
D. Faiman, D. Feuermann and M. Haleahel
Applied Solar Calculations Unit, Jacob Blaustein
Institute for Desert Research. Ben Gurion University
of the Negev,Sede Boqer Campus, 84993 Israel
A mathematical model has been constructed that describes
the daily temperature variations associated with a
rotating prism solar wall (1). The model has been
validated against actual performance data (2) obtained
from such a wall located in a passive solar house (3)
at Sede Boqer, Israel.
The thus vfilidated model is used to:
a; compare the efficiency of a rotating prism * • v:th
that of a conventional Trombe wall,
b) show how the efficiency of a rotating prism wall
depends on prism size and construction material,
c) predict the performance of such a wall, using SOLMET
climatic data tapes, under a variety of climatic
situations.

fca.
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LIQUID-METAL
ELECTRICITY

MHD CONVERSION

OF NUCLEAR

ENERGY

TO

A. Barak ^ L. Blumenau2, H. Branover2, A. El-Boher2, E. Greenspan1^. Spero 2 and S.
Sukoriansky2'
Israel Atomic Energy Commission, P.O. Box 7061, Tel-Aviv, Israel,2Center for MHD
Studies, Ben-Gurion University of the Negev, P.O. Box 653, Beer-Sheva 84105, Israel
As part of a more comprehensive evaluation of the promise of the Liquid Metal
MHD (LMMHD) Energy Conversion (EC) technology, a re-assessment of possibilities
for improving the design and performance of nuclear reactors was undertaken. This work
review our present perception of improvement possibilities.
Light Water Reactors (LWRs) By incorporating the LMMHD EC technology in
the PWR Power Conversion System (PCS), it is possible to improve its performance in
a number of ways: (a) Reducing the witness level at which the steam turbines will have
to operate; (b) Replacing the steam generators by smaller and simpler H2O-to-LM (lead
alloy) heat exchangers; and (c) Increasing the EC efficiency, by virtue of the near
isothermal expansion of steam in the MHD generators and, possibly, by some increase in
the steam high temperature.
High Temperature Gas cooled Reactors (HTGR) The upper steam temperature
of the Rankine cycle (550°C) is well below the temperature delivery-ability of HTGR
energy (950°C). A novel LMMHD cycle using Mercury for both the electrodynamic (i.e.,
LM) and thermodynamic (i.e., vapor) working fluids appears to make a perfect match to
the HTGR at above the steam cycle temperatures. This so called "wet-vapor" cycle offers
to increase the HTGR EC efficiency by ~7% and to eliminate the possibility of water
ingress into the reactor pressure vessel. The wet-vapor cycle offers very interesting
possibilities also for space nuclear power systems.
Liquid Metal Reactors (LMR) Another novel LMMHD EC cycle - an "all
LMMHD Ericsson cycle", is proposed for LMRs. The primary merit of this cycle is
elimination of the tertiary water cycle thus significantly simplifying the PCS and
eliminating the hazard of H2O-Na interaction altogether.
Concluding Remarks The LMMHD EC technology possesses a collection of
attractive features which might improve the performance of nuclear power plants by
simplifying their design, improving their safety and reliability, and increasing their
efficiency. However, before a firm conclusion could be drawn on the attainable magnitude
of these improvements, the performance of different LMMHD PCS and components need
be demonstrated, and thorough techno-economic feasibility studies are necessary. As
Israel,does not develop nuclear power reactors, it is desirable that such studies will be
carried out in collaboration with other countries.
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THE STORAGE OF PHOTOVOLTAIC ENERGY
J. Manassen
Department of Materials Research
The Weizmann Institute of Science
Rehovot, Israel.

At present the projected use of electrical energy, generated
by photovoltaic stations, is to supply electricity during
peak hours, when there is also a peak in the solar intensity,
In such a way there is no need for storage and energy is
delivered to the power company when it most needs it. This
is a good commercial solution, but restricts the use of
photovoltaic electricity to a few percent of total use at
the most. If photovoltaic panels are to be used on rooftops
for residential use day and night, good and cheap storage is
a necessity. Nowadays lead acid batteries are used for this
purpose, because they are the only cheap ones available.
They have been developed for any entirely different purpose
however, have relatively low energy dem;ities and resist
deep discharge. In recent years we have been developing
stationary zinc-bromine batteries for this purpose. These
have high theoretical energy densities, deep discharge is no
problem, and in principle they can be made very cheap. There
are many other problems however, which we try to solve and
which will be discussed.

J.
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STORAGE AND TRANSPORT OF SOLAR ENERGY
BY A TIIERMOCHEMICAL PIPE
M.Levy, R.Levitan, H.Rosin, G.Adusei and R.Rubin.
Weizmann Institute of Science, Rehovot, Israel.
We are working on the reaction:
CH 4 + 00 2 = 200 + 2Ho
as a thermochemical pipe for storage and transport
of solar energy. The work started in the laboratory
with small scale kinetic measurements of the reforming
and the methanation reactions on a Rh catalyst. We
then proceeded with a larger scale unit where long
term experiments were run to test the stability of the
catalyst and to detect any side reactions such as
carbon deposition. The reactions of reforming and
methanation were carried out first separately, then in
series and then in a closed loop. The methanation
reaction was carried out in the presence and absence of
additional water.
Experiments were then run in the 20 KW solar
furnace at the WIS.
A receiver/reactor was
constructed consisting of an Inconel reactor tube filled
with the catalyst, and inserted in a tubular receiver
made of high temperature resistant alumina. The
reactor tube was heated directly by the direct and the
scattered radiation in the receiver cavity. Profiles of
the wall and gas temperatures were obtained and the
composition of the product gases was determined. This
was done under a variety of total insolation conditions
and the performance of this directly heated tube was
evaluated. The total power absorbed in the reaction, by
a 50 cm long tube, was 3 KW. The temperature of the
product gases ranged between 700°
and 1000° C.
The reactant gas flow was up to 1500 liters/hour.
Analysis of the results and plans for scaling up in
the central solar receiver of the WIS will be presented.
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OVERVIEW AND PERSPECTIVE OF COMPRESSED AIR
ENERGY STORAGE TECHNOLOGY

Peter Vadasz

Dan Weiner

Research & Development Div.,The Israel Electric Corp.,Haifa
Compressed Air Energy Storage (CAES) applies two proven
technologies to store off-peak power "by compressing air
in an underground reservoir for later expansion through
a gas turbine during peak and intermediary load demand.
The aboveground turbomachinery is an adapted, more efficient, version of an industrial gas turbine while salt
dome caverns, abandoned mines or aquifereous porous media
are used as underground reservoirs to store the compressed
air. Underground gas storage technologies which are used
for TO years by gas-companies are applied now for air storage in CAES. The technical feasibility, design flexibility
and economic effectiveness make the CAES technology a very
attractive option for power storage and generation. A 290MW
CAES power plant is operating successfully for the last ten
years in Huntorf, West Germany. The erection of a 25MW CAES
power plant was expected at the end of 1987 or early I988
in Sesta, Italy. The first unit of a 220MW (2xllOMW) CAES
power plant for the Alabama Electric Coop, is under construction in Mclntosh, Alabama, U.S.A. and another 1050MW
(3x35OMW) CAES power plant is constructed in Donbas, Soviet
Union. A short description and overview of this technology
and its different options is presented. The high flexibility of design affords to adapt the plant parameters to the
specific requirements of a selected system. For this purpose advanced analysis techniques are used in connection
with state of the art methods for the engineering planning
process. This places the CAES project into the "high-tech"
domain. Based on the technical feasibility and economic
sondness studies performed in Israel, a 300MW CAES plant is
considered to be constructed by the Israel Electric Corporation by 1993.
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DEVELOPMENT OF "ETGAR" LIQUID
CONVERSION SYSTEMS IN ISRAEL

METAL

MHD

ENERGY

H. Branover, A. El-Boher. S. Lesin and Y. Unger
Center for MHD Studies.Ben-Gurion University of the Negev.P.O. Box 653, Beer-Sheva
84105, Israel
A review of recent "Etgar" Liquid Metal Magnetohydrodynamic (LMMHD)
Energy Conversion (ECS) systems is the main part of this paper. The chosen concept for
the "Etgar" program under specific parameters will be described in detail. All the
LMMHD ECS operate as follows: heat intended for conversion into electricity is added to
a liquid metal contained in a closed loop of pipes. The liquid metal is either partially
boiled or mixed with vapor or gas introduced from outside so that a two-phase (liquid with
bubbles of vapor or gas) mixture is formed. The gaseous phase performs a
thermodynamic cycle, converting a certain amount of heat into mechanical energy. This
energy is transferred to the liquid metal f' •? ultimately is converted into electrical power
when the metal flows across a magnetic IK i in a specially arranged LMMHD channel.
In most cases the conversion of heat to mechanical energy and of mechanical energy to
electricity occurs simultaneously. Initial efforts were dedicated to the research of basic
physical phenomena, development of theory, means of computation and design, and tests
of key components. Most of this work was completed by 1984. Since that time efforts
have been directed towards the building of integrated test-plants, feasibility studies for
specific applications, upscaling studies and development of engineering solutions
(including material engineering). The most advanced integrated pilot plant built till now
is the ETGAR-3 plant performing with lead-bismuth alloy and steam at 150°C and
delivering about 8 kW of electrical power. It was put in continuous operation in 1985.
To date it is the only working LMMHD ECS pilot plant in the western world. Several
smaller plants have been built for component and phenomena tests. A powerful universal
computer code for design, optimization and cost and engineering assessment of LMMHD
ECS has been developed and is permanently updated in accordance with the latest data
from experimental studies. All studies mentioned above provided the necessary database
sufficient to enter the stage of commercialization of multimegawatt LMMHD ECS
technology.
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THE SUN TOWN PROJECT - SWEDISH PLANS FOR THE
BIGGEST SEASONAL STORAGE PLANT
IN THE WORLD
Torbjbrn Jilar, D.Sc. in Civil Engineering
Department of Building Services Engineering
Chalmers University of Technology,
S-412 96 Gothenburg, Sweden
The initial project phase, a pre-study, has
recently been carried out concerning technology
and economy for a very big solar heating plant
planned to be in operation in the 1990's in the
town of Kungalv in the west of Sweden. The essential aim of the project is to present a feasible
system concept featuring substantial solar heat
coverage for the entire building stock of the
town.
Since the middle of the 1970*s there has been
significant progress in the Swedish development of
large-scale solar heating technology. At present,
four Swedish solar heating plants incorporating
seasonal heat storage are in operation. The
schemes have deliberately been chosen to operate
on different design principles in order to test
the development potential of different systems at
an early stage. The comprehensive experiences
gained have been utilized for the planning of the
Kungalv plant. Since a couple of years plans are
developed to introduce district heating on a wide
base in the town of Kungalv. Swedish district
heating technology is far developed and it is of
great universal application to combine with largescale solar heating technology. Concerning the
national potential, a number in the order of
100-150 plants of the Kungalv size would meet
around 10 % of the annual energy requirement for
space heating and domestic hot water of the entire
Swedish building stock.
tsav-T,

Torbjorn Jilar (cont'd)
About 50 % of the total building space in Kungalv
is planned to be heated by the central solar
heating plant. The annual energy requirement is
56 GWh including residential houses for 6000
inhabitants and 115 000 m 2 of buildings for
commerce, municipal service and industry. The
preliminary outlined plant design employs
126 000 m 2 of high temperature flat plat solar
collectors and 396 000 m 3 of waterfilled rock
caverns for seasonal heat storage. The design
objective is to meet 75 % of the annual heating
requirement by solar energy and the rest by fossil
fuelling. The calculated cost of the heat produced
by the plant is SEK 0,35/kWh. Including the
district heating network the cost is SEK 0,42/kWh.
(1 SEK - 0,16 US $.) Today the solar heat concept
appears to be less competitive compared to the
presently used individual boiler plants for oil.
In the near future, however, the government is
expected to propose hard restrictions on air
pollutions which may make solar heating far more
competitive.
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COMBINED HEAT AND POWER (CHP) IN DENMARK
Centralized and decentralized plants
by Jens Bengtsson. Ministry of Energy, Danish Energy Agency
Landemaerket 11, DK-1119 Copenhagen K, Denmark.
Since 1979 Denmark has implemented an overall heat planning. The planning
is initiated by governmental and municipal authorities in cooperation with
heat supply companies. The overall objective is to secure the most economic
use of the energy for heating purposes. This is realized by dividing the
country iruo geographical areas for different heat supply distribution
systems. When possible the planning includes heat which is coproduced with
electricity at power plants. The heat is distributed to single houses,
appartment buildings, office and industrial buildings etc. through district
heating systems.
The planning process results in plans which are implemented immediately
after approval. Today all greater Danish towns are supplied with heat
produced as CHP at power plants. As the CHP-systems are developed, the
existing oil-based district heating plants are taken out of operation. Many
plants outside the CHP-areas are converted to natural gas. In year 2000 about
30% of Denmark's heat demand will be covered by CHP
In 1986 the Danish Government adopted a programme for further expansion
of the CHP-scheme. The purpose of the programme is to stimulate a
technological development of smaller combined heat and power plants based
on indigenous resources.
According to this programme smaller CHP-plants with a total
electrical
capacity up to 450 MW will be built before 1995. The plants will be built in
smaller towns without possibilities for supply from existing greater (socalled
centralized) CHP-plants, and they shall be fueled by natural gas, straw, wood
chips, urban waste and biomass. These indigenous resources are used in steam
plants from 2 to 20 MW (el.) covering a broad spectrum of technologies, and
different types of gas engines and gas turbines from 0.5 to 25 MW.
The first step in the development is a series of demonstration projects
including 37 towns. The results are continuously to be evaluated so that
experiences relating to planning, project, installation and operation can be
integrated in future CHP-utilization.
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A SYSTEM PLANNING APPROACH FOR LONG RUN
MARGINAL ELECTRICITY COSTS CALCULATION

M. Nelken Y. Porat A. Bianu Dr. L. Risman
Israel Electric Corporation, Haifa, Israel
This work presents a procedure to calculate the hourly
long run marginal cost of electricity which includes
marginal energy costs as well as marginal capital costs.
This approach is based on computer models for long term
optimal generation
expansion
planning
and
for
chronological simulation
of
the
generating
system
operation.
The calculation of the marginal capital cost in this work
is in contrast with procedures applied today which do not
represent capital costs, but rather substitute the cost
of unserved energy and calculate the short run marginal
cost of energy. This work presents the background of the
procedure, the
analytic
tools,
the
calculation
methodology, as well as sensitivity analyses and results
for the company electric generating system during the
years 1988-i992.
The advantages of the approach on both theoretical and
practical grounds are presented in comparison to the
shorfterm procedures which depend on estimating the cost
of unserved energy to the economy.
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REGIONAL IMPACTS OF THE CERREJON COAL PROJECT IN THE
GUAJIRA, COLOMBIA
James Jonish. Deputy Director
International Center for Arid and Semiarid Land Studies,
Texas Tech University, Lubbock, TX 79409
Discovery and exploitation of large commercial rserves of
natural resources present sovereign nations with significant
expected social benefits and social costs. Multinational
corporations often occupy a critical role in the developmental
process, as they can provide the physical and human resources and
technological knowledge to develop their natural resources. But the
multinational firm is under increasing pressure to consider the
environmental and socioeconomic consequences of resource
development.
The purpose of this paper is to examine the efforts of a
cosponsored (Exxon-Government of Colombia) coal pro.iect to mitigate
adverse conseauences and to accentuate positive consequences of
pro.iect development in a remote region in Colombia. Both the
management policies and plans will be highlighted as well as the
actual experience in accomplishing the objectives.
The El Cerrejon coal project is a $3.2 billion project
cosponsored by Intercor (Exxon) and Carbocol (Colombia) in the
Guajira, situated on the extreme north coast of Colombia. The
region has limited infrastructure, has a sparse population with
limited formal education and a significant Indian minority. The
regional climate varies from semiarid to arid in nature. Natural
resources are abundant in the region and proven coal deposits in the
Cerrejon area alone are in excess of two billion tons. The coal is
high quality in terms of heat content and it contains low sulfur and
ash. The coal is directed to the export market.
Regional benefits and costs of the project depend upon resource
management plans to mitigate adverse effects and to accentuate
positive effects in the Guajira. Issues examined in the paper
include traditional technology transfer effects (recruitment,
training and emolo.vment), subcontracting performance, Infrastructure
and public service plans, and expenditures as well as identifiable
social cost considerations includina land acquisition and use,
health and environmental effects.
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A FINANCIAL MODEL FOB LARGE SCALE SOLAR POWER SYSTEMS
P. Francol3, J. Pinto, Y. Zilka
Luz International Limited, Los Angeles, CA USA
To date, Luz International has coftmlssioned rive solar power plants totalling about 110 MW or net
capacity In California, on the basis of privately raised financing. The operating experience of
these unprecedented plants is quite satisfactory and both output and reliability are exceeding
expectations. A program, also privately financed, and totalling about 460 MW of capacity, will
follow with two 30 MW plants being coranlssloned in 19B8 and five 80 MW plants being planned in
California between 1989 and 1992.
Because of the difficulty for electric utilities to make large financing commitments for projects
using a previously untested technology, Luz had to develop and implement a new financial model for
Its solar power plants which is based on forming a special entity to own and operate the plant, and
on attracting private debt and equity financing from lndependant third parties on the basis of a
power purchase contract with a strong and reliable electric utility. Luz is planning to use a
similar model for a project in Eilat (Israel) and for potential projects in other countries,
..including possibly Spain.
To obtain such private financing on a large scale, the following ingredients are absolutely needed:
a)

A legal, institutional framework allowing for private electricity generation and
term power purchase agreements based on the utility's real marginal costs.

for

b)

The willingness of the project promoter to conmit for a long term performance guarantee.

c)

A suitable Investment climate.

long

Long term debt for Luz projects normally represents up to 50X of the project investment, has a term
of 12-20 years and bears commercial interest rates.
Private equity, must be attracted on the basis of above-averaGe long term ratrs of return over
the 30 years life of the project (In today's US dollar terms, above 121 after all taxes) ami a
relatively quick pay-back ratio (8 years or less). The project structure must allow for even
higher returns In the event of higher than expected energy prices.
This model requires a combination of electricity prices and investment incentives which
allows for a renumeration of private capital which normally exceeds the utility's cost of funds,
and, it does not necessarily result in the least-cost power generation alternative for a
utility. - It has, however, the following built-in advantages:
a)
b)
c)

It saves financial resources for the utility.
It allows the utility to lower its marginal costs.
It offers an opportunity for optimal development of renewable energy sources on the basis of
rational economics and profit motivation. Such profit motivation normally results in lower
costs, shorter construction times and increased operating efficiencies.
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AN ECONOMIC ANALYSIS UNDER
UNCERTAINTY OF A PROJECT FOR MANUFACTURING
SYNTHETIC OIL FROM OIL SHALE IN ISRAEL
DAVID INBAR and JACOB ZAHAVI , TEL AVIV
UNIVERSITY , ISRAEL
The construction of a plant for producing
oil from oil shale is a innovative energy project
facing the policy makers in Israel.
The project combines great potential benefits
with huge investment and large uncertainties, which
can determine the profitability of the project.
Because of the uncertainties and other reasons
a simple deterministic analysis of the project
is not satisfactory. This research used decision
analysis - a dynamic approach for decision making
under uncertainty - to find the best course of
action in the project for Israel. A decision tree
was constructed to model the problem. The solution
gave the best course of action, the optimal timing,
the values of information and the sensitivity of
the results to several variables.In a second stage
of the evaluation process we use a new option
pricing method which takes into account the
sequential nature of the investment and the option
for halting the project during construction. This
method derives optimal decision rules for
investment outlays over the entire construction
program.
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THE RESEARCH OF NEW TYPES OF SAVING ENERGY FILTER DEVICE

J.M. Wei, Z.L. Tao,

A.Q. Xu,

L.X. Zhang

Shanghai Institute of Mechanical Engineering, 516 Jun Gong Rd., S'hai 203093
G.W. Lu
Shanghai Second Alcohol Factory, 49 Zhen Ning Road, Shanghai, P.R. CHINA
Many experts in our alcohol, medicine and solvent factories are trying to use the new plate heat exchanger to replace the sprinkle coil tube cooling system. The focus of the
research and the device is the new type of filter device and
the width-plate heat exchanger. Foreign CO.., APV CO., began
to take interest in the research and put forward a suggestion
of its cooperation with China's Institute. It is mainly introduced in this thesis that we self-designed the new types of
saving energy filter device in our research center, Shanghai
Institute of Mechanical Engineering. Such an encouraging
breakthrough that the width-plate heat exchanger of the divice
recently designed by the Shanghai Second Chemical Machine
Plant makes the mass production prosperous. Based on the productive test, the best suitable outlet temperature of cooling
water is calculated, the operating mode point is analyzed and
the overall coefficiency of heat transfer of the plate heat
exchanger is obtained for choosing the heat exchanger. The
result of the calculation coincides with that of the test.
We also calculate the economic efficiency of the device. The
result of saving energy is remarkable. As an example, the
Shanghai Second Alcohol Factory whose production reaches 23,
000 tons yearly has saved 540,000 tons of water, 21,800 KWH
of electricity and 634 tons of coal that is converted from
surplus heat each year since the filter device was used. The
Changzhou Winery that used the device has increased 500,000
yuan per year and restored the production often stopped in
summer. It is obvious that the filter device widely used in
thousands of alcohol, medicine and solvent factories will
yield notable results.
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PHOTOELECTROCHEMICAL CONVERSION OF SOLAR ENERGY
AND ITS STORAGE
R. TenneT Department of Materials Research, Weizmann
Institute, Rehovot 76100, Israel
Direct conversion of solar energy into electricity
and fuels thorough semiconductor electrolyte junctions is
relatively a young discipline which attracted a lot of
interest in the last decade.. Solar to electrical conversion
efficiencies of up to 15% using single crystals and around
8% with thin films were reported. Recently a high efficiency
cell with in- situ storage operating in an overall efficiency
of 11.3% was reported by our group. Alternative approaches
for energy storage by water splitting were reported by other
groups. The main problem of such cells is their tendency
to undergo photocorrosion. Additionally the performance of
thin film cells is lower than that of photovoltaic thin
films. Further improvements in the conversion efficiency and
in the stability of the cells are expected. Unconventional
designs which employ multilayer structures is a possible
future direction since the theoretical efficiencies of such
devices are appreciably higher than contemporary cells.
Other applications which came as spin offs of this field will
be discussed in brief.
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Multi Stage Solar Water Destillator Without Pump

Dr. V. Heinzel
Universitat Karlsruhe
Institut fiir Reaktortechnik
Postfach 3640, 7500 Karlsruhe
In remote areas water destination using solar energy often
is based on single stage devices, if pump power is not available. This unsatisfactory exploitation of the valuable solar
energy gave rise to develop a multi stage destillator without requirements for pump power nor for electronic control
or maintenance work during day cycle.
As heat source direct evaporating collectors are used, providing steam at about 120°C. In an experimental version three
stages were operated.
Each stage is furnished with a closed loop comprising fresh
water well, evaporator, condensor, destillate well and an
air container. The condensor simultaniously acts as evaporator of the next stage. Communication between destillate and
fresh water well cause delivery of fresh water to the evaporator.
The air container controls the air volume in the evaporator.
At maximum power and operational saturation pressure the
heat exchange area in the evaporator is completely admittible to steam. Reduced power causes air to flow back to
the evaporator, so that finally at zero power heat flow
between collector and the different' stages is impeded.
The experimental version was operated till 1.6 kW power. The
total destillate quantity of the three stages exceeded the
steam mass flow from the collector by 2.4. The air volumens
enclosed allowed to match all intermediate power levels and
power changes conceivable. No maintenance work was required
during day cycle. The fresh water well was filled up in the
morning and the destillate removed in the evening.
Changes of the evaporator and well sizes would allow higher
power and destillate output. Also more stages could be installed, if the heat exchange area in the steam generator
is optimized or higher collector temperatures are achievable.
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TECHNICAL DESCRIPTION OF THE W.I.S. SOLAR FURNACE

I. Levy and M. Epstein, The Weizmann Institute of Science,
Rehovot, Israel.

A high concentration solar furnace was designed and
constructed at the Center of Energy Research at the
Weizmann Institute of Science.
Concentration level of 10000 suns was obtained and the
total power is about 20 KW.
Measurements of energy flux profiles and concentration
levels were performed by calorimetric and radiometric
methods.
described.

Some technical and construction details

are

Flux maps at the focus region as measured by the

two methods, are

presented.

J,
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IMPACT OF LOAD MANAGEMENT POLICY ON
LOAD CURVES

DENISE GIRAUD

YVETTE PIOGER

ELECTRICITE DE FRANCE
DIRECTION DES ETUDES ET RECHERCHES
DEPARTEMENT CONSOMMATIONS ET CLIENTELE
921*1 CLAMART
FRANCE
I- LOAD ANALYSIS :

First step : measurement compaigns
Second step : statistical analysis and automatic
(DYNAMIC CLUSTERING MODEL).

classification

n- LOAD MANAGEMENT :
1. Indirect load control by tariff incentives for :
. high voltage consumers (Green Tariff)
. low voltage consumers (Blue Tariff)
. impact on national load curve.
2. Direct load control with tariff incentives for :
. storage water heaters
. dual energy system with heat-pump.
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LONG TERM WIND ENERGY PRODUCTION VARIATIONS AND
ITS SENSITIVITY TO THE GENERATOR TYPE
D. Skibin and H. Ohaion
Nuclear Research Center—Negev
P. O. Box 9001, Beer-Sheva, ISRAEL, 84190
Ten years' hourly wind speed data were utilized to
calculate the energy production and energy income,
according to the Israel Electric pompany TAOZ
prices. Twenty four generators were used, ranging
from 33 to 330 kilowatt installed.
A plot of the monthly variations of the energy
production shows large scatter. It indicates that
short
term
meteorological
measurements
are
inappropriate
for any sound decision making.
Yearly averages Are more stable, but » -thin ten
years there is a 40-80% difference between the
worst and best years' production. The yearly
production scatter (indicated by the standard
deviation) increases with the generator type.
However this conclusion may be site specific, and
may change at sites with higher wind speeds.
It is concluded that meteorological measurements
for wind energy surveys should be at least one
year long. A national comparison network should be
established, in order to put the short range
surveys' data into the proper perspective. The
choice of the generator type should take into
account
the
long
term
wind
variations.

HEAT TRANSFER ENHANCEMENT BY A MAGNETIC FIELD
S. Sukorianskyl, D. Klaiman1, H. Branover1 and E. Greenspan^,
1
Center for MHD Studies, Ben-Gurion University of the Negev, P.O. Box 653, BeerSheva 84105, Israel,
^Israel Atomic Energy Commission, P.O. Box 7061, Tel-Aviv, Israel

In a recent study it was established that a magnetic field can enhance both the
velocity fluctuations perpendicular to the field and the characteristic length of turbulent
pulsations in liquid metal flows. One of the consequences anticipated from the resulting
anisotropic enhanced turbulence was an increase in the liquid metal heat transfer
coefficient (contrary to the common notion that the magnetic field suppresses turbulence
and impairs the liquid metal heat transfer coefficient). This work presents results of an
experimental and theoretical study of a magnetic field influence on heat transfer in liquid
metal flows. It was established that, in flows between non-conductive walls with
turbulence inducing elements parallel to the magnetic field, heat transfer in the direction
perpendicular to the magnetic field is intensified substantially (by a factor of 2 and more).
Due to the non-dissipative nature of the anisotropic turbulence this heat transfer
enhancement occurs without an increase in friction losses. It was also found that in flows
between electrically conductive walls the magnetic field can significantly enhance the heat
transfer without a need for any turbulence inducing means; the modification (by the field)
of flow velocity profile leads to instabilities which cause generation of turbulence with
the desirable properties. The enhanced heat transfer can have important implications on
the design of a number of energy systems characterized by high heat fluxes. The most
straightforward application is related to the design of liquid metal blankets for
thermonuclear fusion reactors. A preliminary analysis indicates mat the magnetic field
enhanced heat transfer can significantly improve the design and performance of such
reactors and, hence, may affect their development program. A thorough investigation of
the heat transfer enhancement phenomenon and of its implications on the development of
fusion reactors deserve collaboration with countries which lead in fusion research and
development.
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SOIAR CHIMNEYS FOR THE FUTURE

THE PROTOTYPE IN SPAIN - PROSPECTS

Jorg Schlaich, Prof. Dr.-Ing.
Karl Friedrich, Dipl.-Ing.
Schlaich und Partner, Civil Engineering Consultants
-Hohenzollernstr..-1, - D-7O00 - Stuttgart -1
ADsl'ac).

The solar chimney canbines three well-known physical principles - those of the greenhouse, the chimney, and the wind
turbine - in a novel way. Solar radiation, absorbed under a
large and translucent horizontal roof, heats the air. The
warm air flows to the chiimey and rises, i.e. the difference
in temperature between the heated air and the fresh air is
transformed into kinetic energy, an updraught, via the chimney. This updraught is converted into mechanical energy by
a wind turbine and then into electricity by a conventional
generator.
After having received a feasibility study, the German
Ministry for Research and Technology sponsored a 50 kW prototype in Spain (chimney height 200 m, collector diameter
250 m ) , which is now in operation since 6 years. Extensive
measurements have been taken and the initial problem with the
collector roof have been overcome. It has been shown that
this kind of system, economic large-scale solar energy, has
good chances.
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SOLAR POWER PLANTS WITH A MEMBRANE CONCAVE MIRROR 50 KW
Jorg Schlaich, Prof. Dr.-Ing.
Rainer Benz, Dipl.-Ing.
Schlaich und Partner, Civil Engineering Consultants
Hohenzollernstr. 1
A large hollow reflector is suspended and supported on rails
in such a way that it can track the sun. The reflector has
an energy converter, which converts the concentrated solar
heat into electricity, suspended at its focal point.
The new and special feature; of the power plant described
here is the construction method, which makes a very large
concentrator possible. The concentrator is a hollow membrane
of thin sheet steel to which mirror glass is bonded. The
membrane is plastically deformed in the desired parabolic
shape by air pressure. When the concentrator is in operation,,
the shape of the membrane is kept constant by a partial vacuum in the interior of the concentrator, i.e. between the reflector membrane, the rear membrane and the reflector ring.
The energy conversion system (ECS) consists of a Stirling
engine with a receiver located at the focal point of the re; lector; the reflected solar rays heat the working gas
(hydrogen) of the engine. There is a generator coupled directly to the engine. The ECS has its own monitoring and
control system which monitors essential operational data. A
central control system calculates and controls tracking,
monitors the Stirling control system, processes wind data
and indicates malfunctions.
Sponsored by the KACST, Riayadh, and BMFT, Bonn, a prototype was erected in Lampoldshausen, Germany, and two complete plants in the Solar Village near Riaydh, Saudi Arabia.
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COMPUTERIZED CONSERVATION

G. Goldenberg
G.M. Electra Control Systems (Israel)

A Luxury hotel is an energy conservationist's nightmare,
hundred of guests use air conditioners and other energy intensive device without ever seeing an electric bill.
ELECTRA Control systems have come up with COMPUSAVE system
that can control all of any number of room hotel's energy
using device, turning them off when they are not needed.
ELECTRA Control Systems have developed a line of products
which reduce energy costs in hotel rooms, offices and
residential areas.
The
*

main features of the products:
Prevents waste of energy
to install

*

Reliable performance

*

Protects the compressor ( in case of a/c)

* Automatic activation:

- turns on when someone
enters the room.
- switches off airconditioner when
room is vacant.
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BIOGAS GENERATION AS PART OF A FARM SYSTEM
LIVINGSTONE GEORGE BARINE BEd., MISES, UNUFELLOW
P.O. Box 7, CHOGORIA, KENYA.

A Biogas plant has been constructed for a farmer to provide
gas for cooking, lighting and power generation.

This

plant has been built as an integral part of a farm system
in an attempt to conserve biomass and human labour and
also maximise land utilisation environmental conservation
and increase farm output.

7ne

system provides enough gas, fertilizer and manages

to -£eed a fish pond with 600 tilapia which complements the
kitchen meat supply.
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ANTI-LARVAL
BIOFILTER: A PROPOSED TECHNOLOGY
FOR POWER PLANT FOULING CONTROL
A.Gitay
Marine Biological Laboratory, Israel Electric Corp.
P.O. Box 10, 31000 Haifa, Israel.
Biofouling causes the world power industry considerable financial losses. Israel's yearly losses
are estimated at over US $1,000,000 in extra fuel
consumption, and several times this figure if overall costs are considered (Gitay 1987). The main
macrofoulants that grow in the cooling water system
drawn from the eastern Mediterranean are barnacles,
tubeworms and bivalves; all show a remarkable
resistance to intermittent chlorination.
The biofilter concept for the prevention of macrofouling
developed from studies on Israeli power plants and
on a proposed inter-sea water carrier (Gitay and
Glazer 1979). Inside a long 1.2 m diameter conduit
of the Reading C, fouling is confined to the first
200 m.
This is explained by depletion of food
supply by foulers situated relatively close to the
intake, and by the inclusion in their diet of
fouling larvae which otherwise might have settled
farther down the conduit. This has been proved by
experiments conducted in the Hadera power plant,
which are illustrated by the accompanying photographs. These support the hypothesis that fouling
can be controlled by high-density cultures of
planktbphagous filter-feeders such as oysters and
certain
fish kept in the cooling basin that
supplies water to the conduit. The suggested technology requires no change in the existing system,
nor does it interfere with regular operation of the
power plant. In contrast to the use of chlorine as
an anti-fouling agent, biofilters are unlikely to
affect the environment adversely. Thus, both the
energy and mariculture industries could mutually
benefit, as well as the environment.
Gicay, A. 1987. Isr. J.~ZooT. Vol. 34:95-96.
Gitay, A. & A. Glazer. 1979. Isr. J. Zool. Vol. 28 .-61.
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HIGH TEMPERATURE SOLAR ENE1.:Y RESEARCH AT THE
UNIVERSITY OF MINNESOTA, PAST AND FUTURE
Edward A. Fletcher
University of Minnesota
Minneapolis, MN 55455, USA
A survey of the solarthermal studies which have
been done at The University of Minnesota in the
areas of water splitting, hydrogen sulfide thermolysis, electrolysis of zinc oxide, direct
reduction of zinc oxide with carbon, recovery of
oil from shale, and the use of semipermeable
membranes for high temperature separations is
presented. It is anticipated that future studies
will involve the gasification of biomass and coal
by steam in fixed and fluidized beds, the thermolysis of hydrogen bromide, and the direct
reduction of ores such as aluminum oxide and magnesium oxide with carbon. Past and future
receivers and reactors will be described.
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LUZ SOLAR TECHNOLOGY DEVELOPMENT

Daniel Jaffe, Luz .Industries, Jerusalem,Israel

Five large solar thermal electric plants using Luz parabolic trough collectors
have been placed in service in Southern California over the past four years,
with a total installed capacity of 135 MWe net. Two additional plants (30 MWe
each) are currently under construction, and contracts for a further 380 MWe
capacity have been signed with the same utility. Similar projects at other
locations around the world are in varying stages of negotiation and
development, including the first plant in Israel, to be located near Eilat.
Luz solar technology has developed rapidly over this same* period, and the
projects currently under construction represent a third generation in plant
design. Technical advances have been achieved primarily in the following
areas:
1. Solar Collectors: Mechanical design
Increased operating temperatures
Collector tube/selective coatings
Vacuum technology
2. System Design:

Solar Superheat
Increased solar steam pressure
Therroodynamic cycle optimization
Reduced parasitic losses

3. Plant Control:

Variable speed flow control
Distributed control system
Automatic sequencing
Remote operation

These advances have yielded significant improvements in terms of higher
operating efficiency, lower plant costs, and reduced operating and maintenance
overheads. This paper reviews the evolution of Luz solar technology as it has
been reflected in successive power plants, and provides an indication of
projected developments for future projects.
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AN OVERVIEW OF THE DOE/SERI SOLAR THERMAL RESEARCH PROGRAM
R. Gerald Nix, Section Manager, Thermal Systems Research Branch,
Solar Energy Research Institute, 1617 Cole Boulevard, Golden,
Colorado 80401 U.S.A.
The Solar Energy Research Institute (SERI) has the primary
responsibility for the solar thermal rese'arch as performed
as part of the U.S. Department of Energy's Solar Thermal
Research Program. This presentation discusses the structure
of the Solar Thermal Research Program; including the rationale,
the goals and objectives, and the actual research activities.
The goals are to significantly enhance the cost-competitiveness
of existirrg applications and to define new applications for
solar thermal energy.
The current structure of the Solar Thermal Research Program
includes activities in concentrators, receivers, heat engines,
direct conversion techniques, and systems assessments. The
major concentrator activities concern streched membrane
reflectors with the objective of significantly reducing the
cost of this important component of high temperature solar
thermal systems. The major receiver research is to understand
the direct absorption receiver, where concentrated sunlight
is captured in a thin layer of molten salt flowing down a
nearly vertical plate. The objective is to define more
robust receivers which cost less and perform better than
tubular receivers. SERI has significant research activities
to understand how to convert direct concentrated sunlight
to useful energy forms other than electricity. These
activities include research on solar detoxification of
hazardous wastes, and on the use of concentrated sunlight
to drive reactions to produce fuels and chemicals.
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VI60 DEVELOPMENT PROGRAM

Lennart N. Johansson and Todd Y. Williams
Stirling Powr Systems Corporation
Ann Arbor, Michigan U.S.A.

The V160 engine development activity has been
underway
for 17 years. Today, Stirling Power
Systems Corporation ("SPS") is planning the
mass commercialization of systems based on its
highly successful V160 engine.
Under the SPS
development
program,
the
engine
has
accumulated over 350,000 test hours spanning
six design generations with over 25,000 hours
logged
on
one
unit
operating
in
daily
commercial
service.
The engine has been
operating in field environments since 1982,
supporting military and civilian requirements
in applications including:
auxiliary power
units,
heat
pumps, military
and
civilian
cogeneration units, military generator sets,
and a solar application. Through 1987, SPS has
built
over
130 engines
and
will
deliver
approximately 30 more in 1988.
The first
mass-produced V160 engine will be delivered in
the third quarter of 1989 when the first
mass-produced V160 leaves the assembly line.
This paper will focus on the V160 development
efforts and systems development efforts which
are leading to the commercialization of this
technology. Last, SPS recognizes that the V160
technology is a product of innovation.
As
such, the engine has the potential for large
a
increases
in
efficiency
with
targeted
potential of nearly 40/£ utilizing emerging
technology," processes
and materials.
The
adaptation of emerging technologies to the V160
program will also be discussed.
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OPERATION OF A SODIUM REFLUX
RECEIVER/REACTOR
AS A SOLAR THEKMOCHEMICBL PIPE
R.Diver*, J . F i s h * , R.Levitan**,
M.Levy**, J.Ricdiardson***, and H.Rosin**
* Sandia Naticaial Labs. Albuquerque N.M. U.S.A.
** Weizmann Institute of Science, Rehovot, Israel.
*** University of Houston, Houston, TA, U.S.A.
The concept of a solar thermochanical pipe involves
carrying out an endothermic chemical reaction in the
focal zone of a solar concentrating system in order to
convert the solar energy into the enthalpy of a
chemical bond. One of the most efficient ways of
transmitting the heat to the reactor tubes is via a
transfer fluid, such as sodium metal at it's boiling
temperature. In order to test the concept in a real
solar environment, a sodium reflux receiver/reactor was
built in Sandia and tested in the 20 KW solar furnace
of the Weizmann Institute of Science. The reactor
performed very well and the sodium vapors maintained
a uniform temperature in all the reactor tubes and
acted as an efficient heat transfer fluid. The maximal
power absorbed in two reactor tubes, connected in
series, when carrying out a (X>2 reforming of methane
on a Rh catalyst, was 8 KW. The results snowed that
the system can be controlled by regulating the flow of
reactants and a constant temperature of the product
gases can be mantained.
Discussion of computer
modelling of the system for design of a larger unit will
be presented.
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Solar Photovoltaic Power Stations
Iain F. Garner
Chronar Ltii,
Unit 1 Waterton Industrial Estate,
Bridgend, Mid Glamorgan,
United Kingdom CF31 3YN
Solar power for electricity generation has gone through a
substantial revival since the first oil price shock. This
paper examines one of the solar technologies; amorphous
silicon photovoltaic (PV) solar cells, which offers immediate
commercial prospects, with examples of existing stations.
Costs are given for systems in the range 30kW to lOOOkW, both
for capital, operating and energy generation costs.
In amorphous silicon the active semiconductor layer is
deposited as a very thin film on the front cover glass. In
crystalline solar cells most of the expensive semiconductor
material is merely an electrical contact and mechanical
support. The amorphous process gives efficiencies of 10% in
laboratory cells and in production 5-6% for assembled
modules.
Direct manufacturing costs (without overheads) for amorphous
silicon solar modules have fallen from $6 in 1985 to $1.5 per
peak watt in 1987. With semi-automated manufacturing, fully
loaded costs of less than $1 per watt are expected before
1991. At these costs amorphous silicon is now attractive for
utility diversification in areas of high insolation (4.5-6.5
kWh/m2/day). In projects of up to lOOkW energy costs of
$0.25/kWh are feasible with present technology and the means
are available for targets of $0.15 or less by 1989/90, in
lOOOkW power stations.
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MANAGING ENERGY IN SOLAR DWELLINGS WITH HIGH
INERTIA CONCRETE SLAB AND PEBBLE BED STORAGE

J. NICOLAS, J.-F. RIVEZ, V. LffiFFRIG, M. FONTAINE

Fondation Universitaire Luxembourgeoise
rue des Peporte"s, 140
6700 - ARLON (Belgique)

The paper discuss the monitoring of a dwelling combining both active and passive
solar design.
The house includes on the one hand a 22 m^ area of double glazing facing south and a
ground plate with 35 cm of reinforced concrete, and on the other hand, an air-solar
collector system and a 8 m^ buffer filled with river pebbles.
Each subsystem is investigated both with monitoring equipment and with computer
models.
The study concludes that design criteria are respected, i.e. high inertia, low
consumption, retention of passive heat and good storage of active solar energy.
Nevertheless, although being right dimensioned, the hybrid system concrete slab/
solar collectors/storage could be improved.
With the same base concept, a new arrangement has been contrived by the designer:
the pebble bed is included in the ground plate and the active solar collectors are
suppressed.
This new design fulfill both technical requirement and economical constraint in
Belgian conditions.
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ENVIRONMENTAL MEASURES AND OILREFINERIES

Jaap van der Vlies; Koos van der Vlist
Netherlands Economic Institute, Rotterdam, The Netherlands
Environmental measures may increase wellbeing of society but
may also increase production costs of some industrial sectors to quite an extent. The possibility exists that these
firms will look for other locations abroad with less severe
environmental constraints in order to lower production costs.
On the other hand it is also possible that, despite the more
stringent environmental laws, the present.location stays acceptable and that new industrial activities arise in sectors
that produce so-called "environmental goods". In this article
w^ will examine the economic consequences of environmental
measures concerning oilrefineries. We will investigate
whether the market position of a (hypothetical) Dutch refinery will be affected by (additional) environmental
measures. A comparison will be made with (identical) foreign
refineries, located in Belgium and Germany. After a short
impression of environmental policy and a brief sketch of the
development of the refinery sector in Western Europe, three
different sets of these environmental measures will be defined for the Dutch refinery (each set consists of nine environmental aspects). These sets (policies) are to be specified in terms of production costs. For the refineries in
Belgium and Germany alternative sets of environmental
measures will be developed too. These policies are also to
be specified in terms of production costs. Combining different sets for Holland, Belgium and Germany will lead to
differences in production costs between the refinery locations of these countries. Whether these differences may
lead to relocation of refinery activities is a question that
will be treated subsequently. Account has to be taken of
costs of transportation, the utilisation rate of distillation capacity, etc.
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EMISSIONS FROM ENERGY SOURCES IN POPULATED AREAS IN
ISRAEL: ALTERNATIVE WAYS TO COMBAT THEM.
A. Tainary.
Israel.

Ministry

of

Energy

&

Infrastructure,

The urban comlex of Haifa spreads on the slopes of
Mt. Cartnel and along Haifa Bay. In the midst, a
heavy industry, including oil refineries and a
utility station, was planteted. Along with the
growing industry and the urbanic complex grew air
pollution and the number of people affected by it.
There are several ways to combat emissions. In
order to give immediate relief, an Intermittent
Control System
(ICS) has been devised. The ICS was
calculated according
to
the
meteorological
conditions as they were observed at the refinery
site, from the information gathered by meteorologic
balloons in Haifa, and the regional meteorology
observation in the main station at Bet-Dagan. A
procedure of
alarms was established, based on
electronic transmission.
During
unfavorable
conditions, the refineries and t-he utility station
shift from heavy fuel with 2.7% wt sulfur to light
fuel with 1% wt sulfur.
The first ICS model was in use during 3 years.
Since October 1967, an improved model has been in
use. No violation of air regulations has been
reported since then. Hundreds of thousand dollars
were been saved by using light fuel only part of
the time, and an improvement
in air quality has
been achieved.
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REFUSE TO ENERGY

Alois Scharsach
Von Roll, Environmental Engineering Division
Zurich, Switzerland
More and more municipalities are confronted with
public resistance to siting new landfills.Wasteto-energy facilities are increasingly becoming
the alternative. The concept of refuse as a potential energy source has been developed extensively in Europe over the last 30 years and. more
recently also in Japan and North America. The
acknowledgement of refuse as an energy source has
. rought onto the scene also a number of newer
technologies such as the generation of refuse derived fuel or the pyrolysis process.
The largest number of waste-to-energy plants is
using the socalled mass burning technology, burning unprocessed waste on grates. Improvements in
the design of grate systems and boilers are permitting today the production of superheated steam
at high efficiencies, high pressures and temperatures for an efficient power generation.

MEMBRANE PROCESSES IN THE RAZIONALIZATION OF AGRO-FOOD AND
LEATHER INDUSTRY: ENERGETIC AND ECOLOGICAL ASPECTS
E.Drioli,V.Calabro-University of Calabria,Department of Chemistry,
1-87030 Arcavacata di Rende (CS) LFaletti,C.Rossignani-ENELDirezione Studi e Ricerche,1-20093 Cologno Monzese (MI)
The introduction of advanced seperation and conversion technologies in industrial cycles contributes to reduce direct and indirect energy consumption and pollution vi'a the reuse and the
recovery of reagents and byproducts. The rapid development of
new seperation and concentration technologies based on the use
of artificial membranes, such as cross-flow microfiltration,
ul-trafiltrati on, reverse osmosis, etc., is particularly important'in this regard. All these technologies use electricity as
their main source of energy, with consequent advantages in
terms of transport and distribution. The industries considered
in this study are the agro-food (i.e. tomato and citrusfruit
concentration, cheese production) and the leather ones. Direct
energy savings can be achieved by using membranes instead of
evaporators in concentration processes; indirect savings are
achieved by recovering excess feedstock and byproducts. To
assess the relative energy efficiency of different processes,
their energy balances are compared on the basis of their substitution coefficient. For this comparison, the quality as well
as the quantity of energy is taken into consideration. In a
tannery, several pollution and raw material wastage problems
can be salved by recovering and recycling the substances fed
in excess to, or formed in, the process. With this approach
which also involves the energy angle, the chemicals fed to the
process can be better utilized with consequent indirect saving
per unit of end product. This approach is been accepted by several tanneries, which recover by ultrafiltration and recycle
sulphide and auxilary chemicals from exhausted calcination and
depilation liquors. In the dairy industry, when making soft
"mascarpone" type cheese, ultrafiltration can reduce pollution
cutting energy outlay and process time and improving the shelflife of the product; in fact the whey, which sent to drain,
is practically fat-free. In tomato and citrus-fruit concentration, membrane processes, such as reverse osmosis, integrated
with other traditional or membrane proce^es, can decrease the
energy consumption in comparison with the •..rditional evaporator process and contribute to environmental safeguard. The
energetic and exergetic analysis carried out in these processes
confirm the potentiality of membrane technology.
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DIRECT BIOMASS LIQUEFACTION BY AN
EXTRUDER-FEEDER REACTOR SYSTEM
D.H. White and D. Wolf
Department of Chemical Engineering,
University of Arizona Tucson AZ.USA.
A unique extruder-feeder reactor system has been
developed, designed and experimentally tested at the
University of Arizona for direct biomas liquefaction
under high pressure and temperature conditions of
around 3000 psi and 350 degrees Celsius respectively.
The ability to pump to elevated pressures highly
concentrated slurries
by means of a single screw
extruder-feeder is a novel concept and technology
which proved succesfull in our direct biomass
liquefaction process, where wi pumped up to 60 wt.% of
biomass in the form of wood flour mixed with 40 wt.%
of wood oil vacuum bottoms which are in a solid form
at room temperature. Applicability of thfs feeding and
reactor system
for coal liquefaction can also be
envisaged.
This extruder-feeder-reactor
system is expected to
improve direct
liquefaction
wood oil quality and
process economics especialy by reducing the size of
the plant and the amount of recycling of oil carrier.
This experimental
pilot unit
will be described
including design criteria, the construction of the
unit, operability of the unit and a comparison with
other systems reported in the literature that have
investigated biomas, direct liquefaction to liquid
wood oil product.
The experimental system is capable of investigating
many parameters including the use of sodium carbonate
as a catalyst,
the use of carbon monoxide as a
reactant, the effect of the water gas shift reaction,
the use of various pretreatments of the wood flour and
the use of wood oil vacuum bottoms as an oil recycle
or carrier medium.
Operational data and analytical
results of the feedstocks and the various products for
a range of experimental runs runs will be reported.
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BiOGAS GENERATION THROUGH ANAEROBIC DIGESTION A SOUND ENVIRONMENTAL SOLUTION TO WASTEWATER TREATMENT.

Yechiel Menuchin
International Technologies (Energy) LTD
Tel-Aviv, Israel.
High rate anaerobic digestion has become an attractive
technique to treat wastewater, particularly from the food
processing and the paper industries. The BIOTHANE process
which utilizes the upflow anaerobic sludge blanket (USAB)
concept is probably the most widely used technology worldwide.
In this method, wastewater enters the digester from the
bottom. Immediately upon contact with the sludge bed. The
biodegradable components, become converted to biogas. the
decomposing wastewater combined with gas bubbles move
upwards through the digester to settler baffle plates which
allow effective degasification to occur.The degassed sludge
sink back to the bottom, establishing downstream circulation,
thus enhancing the mixing process with the incoming
wastewater. Meanwhile, the cleaned water continues upwards
through the settler, leaving via a weir into collection
throughs which carry it out of the digester. The gas bubbles
are trapped in pockets underneath the baffle plates. The
digester contains no moving parts, is simple to poerate,
highly responsive to automated control, and is virtually
maintenance-free. This also makes the process highly energy
efficient. The process was tested in Israel in seven
different locations, using a 2 cubic meter skid mounted pilot
plant. After more than two years of studies it was possible
to begin designing two full-scale plants. The first, at
PACA, a yeast and alcohol manufacturer, will come on line
during 1988. The 800 cubic meter digester will generate
biogas which is equivalent to 600-800 tons of oil per year,
th.us providing 30 percent of the plant's fuel consumption.
The second project in Natanya, will produce biogas equivalent
to 1500 tons of oil annually. It will also recycle more than
1 million cubic meters of wastewater per year. The treated
water will be used for irrigation in the Emek Hefer region.
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ENERGY FROM HOOD - THE BRAZILIAN EXPERIENCE

Jose O.iravio Brito
Universidade de Sao Paulo-ESALQ
P.O. Box 09
13400-P irac icaba-SP-BRAZIL
Phone: (0194) 33-0011
Telex: (019) 1141 - EALQ

The wood represents presently the third most

impor-

tant resource that is being used for energy in Brazil.

More

than 75% of wood annually exploited in this country are

used

for this purpose. Specifically the two principals uses

are :

direct wood combustion and charcoal production. During the pe
troleum crisis the use of wood for energy was more stimulated
and news experiences and technologies involving this

subject

were tried. We intend in this paper to present the most impor
tants historical and technical aspects of this brazilian expe
rience.
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A CASE-STUDY ON THE DIFFUSION OF BIOGAS TECHNOLOGY IN SANTA
CATARINA (A SOUTHERN STATE IN BRAZIL)
ROBERTO IAZLOVITCH BESNOSIK
INTERDISCIPLINARY ENERGY AREA - FEDERAL UNIVERSITY OF RIO DE
JANEIRO - BRAZIL
This paper presents the results of a case-study on biogas
diffusion in rural areas of the Brazilian Southern State of
Santa Catarina. The region studied is dominated by small
farms (by Brazilian patterns) with an economy based on corn
and pigs. There are nearly three million pigs, what
represents at the same time an important environmental problem
and a significant biomass potential. Diffusion of biogas
plants was stimulated in the first place for energy reasons,
but emphasis has been progressively re-directed towards
pollution control and soil conservation and fertilisation.
Many interviews were conducted with adopters and non-adopters
of biogas plants. The technical and economic performance of
installed plants is analysed, as well as the main impacts of
the technology upon adopters lifes. Installed plants have
worked well and social and environmental impacts of adoption
are positive. However, important economic and institutional
oroblems remain to be overcome if biodigesters are to be
•liffused in large scale. About 500 olants have been installed
in Santa Catarina up to now, With considerable subsides. In
the course of the diffusion process, new models and
equipments have been created.
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A CASE STUDY OF INTEGRATED URBAN ENERGY PLANNING
H. Zankel
Energiebeajftragter der Steiermarkischen Landesregierung
Leonhardstrafie 59, A-8010 Graz, Austria
The parish council of the rural commune Kalwang in the province
of Styria had been asked to decide on an offer for supply of natural
gas from a nearby pipeline transporting energy mainly imported
from the USSR. To provide the relevant information for the decision
an integrated energy management concept for the village was prepared.
The energy concept was planned by an energy consulting group in
cooperation- with the local authorities and the provincial energy
planning commission. A manual for urban energy, concepts and the
basic ideas of the energy plan of the province of Styria were taken
as boundary conditions in the process of planning. The main
features of the urban energy concepts are: Energy balance 1987 of
the village comprising the final and useful energy for all consuming
sectors except transport; options and strategies for reduction of
energy consumption in the residential and public sector; options
for residential heating supply and their impact on energy costs,
regional economy and emissions of air pollutants.
Two recommendations of the energy concept are of particular
interest, namely that insulation of buildings should be improved
and individual-space heating dominantly on the basis of wood and
coal should be replaced by a district heating. Such a district
heating system will now be installed instead of the natural gas
system and the heat will be supplied from the combustion of locally
available bark. A local company will offer both district heating
and assistance for improvement of the building insulation.
The realization of the energy concept will reduce the emission of
air pollutants by nearly 50 % and the final energy demand in Kalwang
by about one third. Moreover there will be a positive effect on the
regional economy through the constant market for biomass and the
local investments for the district heatingand home improvements.

ENERGY AND BALANCE OF PAYMENTS
L.Y. Bronicki
Ormat Turbines Ltd.
The importance of energy in the short and long term
balance of payments problems stands out when we
relate
the ratio of energy imports/merchandise
exports to the balance of payments.
Even now, with reduced oil prices, this ratio is
close to 50% for a very large number of countries,
as can be seen in the 1987 World Development Report
of the World Bank.
In most of the countries with an energy import to
merchandise export ratio of more than 30%, the
energy imports are about equal to or even larger
than the deficit.
The acuity of the problem is compounded by the fact
that the merchandise exports are elastic in nature
because of evolving markets and prices, while the
energy imports are mostly inelastic.
Here the role of developing locally available,
generally renewable, energy resources (at least for
the basic most inelastic requirements) is of utmost
importance for the long term stability of many,
especially in the developing nations.

89

ENERGY RESEARCH AND DEVELOPMENT
IN THE FEDERAL REPUBLIC OF GERMANY:
FOSSIL ENERGY - RENEWABLE ENERGY - EFFICIENT USE OF ENERGY
Hanns-Joachim Neef
Projektleitung Biologie, Okologie, Energie (PBE)
Kernforschungsanlage Julich GmbH
Postfach 19 13
D-5170 Julich

Since 1974 the German programme for research into non-nuclear energy
has been co-ordinated by PBE on behalf of the Federal Government. A
variety of new processes, products and systems.have be&n developed
on the basis of cost-sharing contracts between Federal Ministries
and industrial companies.
Fossil energy contributes to nearly 90 % to the supply, therefore
the environmentally acceptable and economic utilization of gas, oil
and especially coal is of major importance in the German energy research programme. The limits for emissions from coal power plants
demanded today in the Federal Republic of Germany for SO- and NO
can be adhered to using flue-gas cleaning techniques. A Further reduction in the emission limits would mean a considerable technical
effort in this field leading to higher specific investment costs.
Combined cycle power plants with integrated coal gasification or
pressurized fluidized bed combustion are regarded as necessary alternatives to conventional coal power plants. These new power plant
techniques can potentially reduce emissions from coal power plants
for overall lower costs for the generation of electricity.
Supply systems based on solar, wind and geothermal energy have in
many fields been developed to technical maturity. Application will
depend on geographical and economic boundary conditions.
Research into efficient use of energy includes optimization of industrial processes, district and local heating, energy storage
and energy use in buildings. Technical achievements for the reduction of energy consumption have survived the recent decline of the
pr ?e for energy.
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ELECTRIC ENERGY CONSERVATION IN BRAZIL

Prof. So Iange Fernandas Pinheiro
UFF - Universidade Federal Fluminense
Dept. Engenharia de Producao
Rua Passos da Patria, No 156
24000 - Niteroi - Rio de Janeiro - Brazil
In the last few years investment constraints implied on
restrictions to the Brazilian electric power system
expansion. That is why the government proposed recently
a nationwide effort in the area of electric energy
conservation. The aim of this paper is to present the
Brazilian experience in the demand-side electric energy
conservation planning. An introductory study has been
recently done, trying to quantify the electric energy
savings in the next 20 years by energy conservation
measures. A preliminary economic evaluation was
accomplished for many measures, comparing their estimated
cost with the marginal cost of expansion of the electric
system.
We also present an overview of the Brazilian planning
process of supply and demand of electric energy, now still
dissociated one fron the other, and its possible evolution
to an integrated global planning process, which would also
take energy conservation into account. It is given a
jenercl ids..' of t!>> rjl-mninn system for end-use of electric
energy, to be (developed in 1988-89 with technical
international aid and financing by the World Bank.
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THE DEVELOPMENT OF ENERGY CALCULATION SLIDE RULE
Sang Dong Park *
Kee Shik Shin *
# Korea Institute of Energy
and Resources
Daeduk Science Town, Daejeon South Korea

The energy calculation slide rule was developed as a simple
tool for estimating the impact on heating energy use of Korean
residences according to the selection of different conservation
options.
The slide rule estimates energy requirements for the
following 6 types of conservation measures; wall insulation,
ceiling insulation, floor insulation, window size and glazing,
infiltration air change volume and building azimuth. The
principle of load calculation is to deduct the savings thanks to
each conservation option from the base loads.
To quantify the delta heating loads for all of the above
conservation measures, an extensive data base of residential
heating load has been generated using D0E-2.1A computer program
for 2 prototype buildings in 5 major cities covering most of the
climate regions in Korea.
The data base was analyzed to
determine the delta heating loads associated with each energy
conservation measure, and a series of tables giving the delta
heating loads due to the variations of each energy conservation
measures for each prototype house in each location were
produced. These intermediate data were analyzed using multiple
linear regression to establish the relationship between
component loads and individual conservation measures.
It was found that the heating loads for typical residential
conservation measures, can be determined with very high accuracy
using simple linear regression equations.
Finally, 2 types of prototype houses in 3 base locations, 6
kinds of Slide Rules, are designed and the accuracy of all
slide rules for typical houses were within 2% compared with the
outputs of DOE-2.1A computer program.
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YEARLY TEMPERATURE VARIATION TO AFFECT
ELECTRICITY CONSUMPTION IN GREECE
E. C. Kalkani
National Technical University of Athens
Patission 42, 10682 Greece
Temperature data of the major cities in Greece,
ie. Athens, Thessaloniki and Patras were processed
to assess the effect of temperature on
the
electricity consumption during the period of one
year.
Average weighted temperature data for the
whole country were calculated according to the
population living in the areas of the major
cities and plotted versus time for the year 1985.
Similar processing was performed to the electrical
load data and the electricity consumption data for
the
year 1985.
The time interval for the
temperature data set as well as the electricity
consumption
data set is the daily interval.
Comparison
of the processed temperature
and
electricity consumption data indicates that during
cold winter months the decrease of temperature
produces increase of electricity
consumption.
During the spring months, increase of temperature
is accompanied by lowering of the electricity
consumption.
During summer months, decreased
electricity consumption is present in the Athens
area, while increased electricity consumption is
present in the rest of Greece. .This is due to the
transfer of the Athens population to the country
for the summer vacation, while a small portion of
the population remains in the city.
In both
cases, increase of temperatures is followed by
increase of electricity consumption due to the use
of air conditioners.
In the fall, when most of
the population of Athens is back from summer
vacation,
temperature is gradually decreasing
accompanied by gradual increase of the electricity
consumption.
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A CAUSAL MODEL OF SHIFTS IN DOMESTIC ENERGY CONSUMPTION

J.C. CHEBAT and P. FILIATRAULT (UOAM) Montreal, Ouebec, Can.

Three main sources of domestic energy are used in Canada:
oil, gas and electricity. The main purpose of this study
is to understand if consumers' attitudes toward the different sources of energy are more significant causes of shifts
than environnemental causes (i.e. age of the building; type
of buildino; type of pipes for distributing the heat). A
factorial experiment was designed to assess the various
causes of shifts, in several socioeconomic areas of Montreal
(Canada). A questionnaire was administered to a stratified
sample (N 2500), which measured (both cognitive and
affective) attitudes toward the three sources and which also
assessed various environmental elements of the building.
Results essentially show that environmental causes explain
significantly more variance in energy shifting than attitudes. Implications are drawn in terms of energy public
policy making.
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ENERGY POLICY IN BRAZIL AND THE SOUTHERN AMERICAN
COUNTRIES
GOLDEMBERG, Jose
MARCOVITCH. Jacques
University of Sao Paulo
Sao Paulo (SP) - Brazil
The economic crisis provoked by the external debt and the
lack of new investments in Latin America request a new
energy policy for the region.
The,energy "problem" in developing countries is usually considered exclusively a supply problem and the discussion is
centered on the "menu" of conventional energy sources (oil,
gas, coal, hydro, fuelwood) necessary to satisfy existing
needs. Efforts have been made to add non-conventional sources
such as thermal, solar, photovoltaics, wind, shale and ethanol from sugarcane, to the above list. The past experience of
the industrialized countries indicates the existence of a
close correlation between energy consumption and gross domestic product (GDP) and gave rise to the idea that progress can
only be made in developing countries with a considerable increase in energy consumption. This idea is no longer valid in
OECD countries where the total energy use per capita fell t%
while the per capita GDP increased 211 between 1973 and 1985
due to the use of energy conservation technologies. It will
be shown that similar results can be obtained in developing
countries if an "end use" approach or demand side approach
is adopted. These countries do not have to retrace the path
followed by the old industrial countries, and "leapfrogging"
opportunities exist to conduct them to a less intensive
energy future as they industrialize.
The South American sub-continent is well endowed in energy
resources. Oil, hydroeletricity, coal, natural gas and biomass are available in several countries. If an integrated
effort is undertaken, the need of new equipment-intensive
investment can be reduced. A demand-side approach and regional integration are answers to the present Latin American
impasse.
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THE ISRAEL ELECTRIC CORPORATION (I.E.C.)
WIND ENERGY PROGRAM

DR. ELI BEN-DOV, Israel Electric Corp. , R 5 D Division,
Haifa, Israel.
The idea of exploiting wind energy is a very old one.
Modern research covers this old idea with new technologies
which maximize the exploitation of the potential energy
stored in the wind. Back in the 1980's, the R§D Division
of I.E.C. already displayed interest in the subject, and a
"green light" was given to study the subject, to prepare an
infrastructure and start wind measurements. In cooperation
with the Ministry of Energy, the following two projects were
carried out: - Preliminary wind turbine siting in the
Galillee; - Measuring the wind potential at the hub height
of a large wind turbine on top of the Yodfat Ridge.
In parallel, in order to evaluate the technical and economical feasibility of wind energy exploitation, an experimental
wind turbine (WT) of 200 KW, 23M rotor diameter was erected
at Yodfat Ridge as a Pilot Project. The WT was commissioned
in March 1986. Since then it has produced 20% more energy
than expected (according to manufacturer's power curve) with
an availability of 97%! Based on the experience gained from
the pilot project, I.E.C. management decided to expand the
activity of wind energy and appointed the R§D Division to
prepare a five year program. This five year program (which
was approved by Management and the Board of Directors)
contains the following subjects: - Erecting a demonstation
wind farm of 20 WT (300 KW each); - Erecting a large WT as a
second pilot project; - Expanding wind measurements throughout the country in the search for wind farm sites. In order
to execute the five year program I.E.C. established a special
section for this purpose, allocated the appropriate budget
and issued an International Tender for the supply of
wind turbines.
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THE COMING OF AGE OF WIND ENERGY

Prof N H Lipman
Rutherford Appleton Laboratory
Chilton, Didcot, Oxon OX11 OQX

UK

In this talk I propose to take an overview of wind energy
activity up to the present time. In the first section I
look at the very large machines (multi-megawatt) and, taking
account of UK and US experience, ask why this largest size
has not yet reached commercial viability. The large
machines will find application in supply of electricity to
National grids, and I address the question of how high a
penetration can we sensibly expect to achieve with wind
power. Modelling studies carried out by my research unit
will be discussed and it is shown that penetrations as high
as 20% or 30% are possible for National grids! In the next
section I discuss a new lively market for successful medium
sized machines (200kw to 600kw). I discuss why these have
now achieved market maturity and look at two areas of
application (a) for wind farms and (b) electricity supply
for isolated communities. The third section looks at small
isolated systems, often referred to as wind/diesel systems.
Pioneering work of my own unit will be described, this work
having been carried out in conjunction with Imperial College
and two UK companies. We have shown that a short term
energy store is practically essential for small wind/diesel
systems, the store providing a buffer against the inevitable
wind power fluctuations. A final section looks at wind
power opportunities in the third world. I take, as an
example, wind power development in China, a country which
sees wind as having very valuable applications.
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THE SIVAN INFLATED-ROTOR WIND-TURBINE

DR. V. KLIATZKIN, Sivan Development and Implementation
of Technological Systems Ltd, 86 Harav Kook Street,
Kiryat Motzkin, Israel.

This concept designed and developed in Israel is based
on a flexible rotor consisting of a doughnut-shaped
inflated-torus made of inexpensive light-weight woven
fabric with a very high strength-weight ratio. The rotor's
cost and weight is about one-seventh to one-tenth of a
conventional rigid rotor (steel, aluminium, wood
fibreglass). The rotor's structure works on tension as
opposed to bending of rigid cantilever blades. The rotor's
optimal posture is passive down-wind without the
disadvantages of aerodynamic and strength penalties. As
the rotor deflates and folds in high winds there is no need
for a typically massive tower. The rotor's aerodynamic
and mechanical attributes make possible enhanced
exploitation of the wind regime at any given site and the
technology makes wind-stations economically feasible even
at sites where wind speeds are low. A specially-developed
software package provides optimal design configurations
for wind-turbines for specific sites as well as complete
designs for power-stations (from economic analyses to
production drawings). Economic forecasts indicate costs of
producing energy at about 2 C/Kwh and turbine costs of
about $400 per Kw installed. A 10 Kw experimental turbine
(6 m diameter) confirmed preliminary calculations. An
experimental unit (capacity up to 200 Kw) is currently
being tested for further validation of calculations as
well as for optimization of design and production. This
experimental station is supported by effective computerized
control and data acquisition systems.
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ECONOMICAL OPTIMIZATION OF WIND FARMS IN LIMITED AREAS
Dr. Moshe D. Hirschf Energy & Control Systems Consultant
Moshav Zafaria 88, Israel 60932, Tel. 03-985048
Consultant for the Israeli Ministry of Energy and Infrastructure
(Co-ordinator of the Wind Energy Program)
Economical optimization of wind turbine utilization is a subject
which must be dealt with weather we are discussing the purchase
of a single turbine or a wind farm.
The study of optimization for a single turbine generally takes
into account factors such as the performance curve of candidate
turbines, the sizes of the turbines the cost of the turbine, of
infrastructure and of connection to the electric grid, the
service proposal of the supplier and the insurance policy.
The study of optimization for several turbines (i.e. a wind farm)
takes into account, in addition to the above-mentioned factors,
calculation of wind speed and energy output with regard given to
wind direction, sizes of other turbines, number of turbines and
their placement.
An additional factor, not generally taken into account,
is the
limitation of available land for wind energy utilization. This is
one of the most significant factors in the study of wind farm
optimization.
This presentation will show that the optimal solution for the
placement of a single turbine or of a wind farm in a non-limited
area differs from that of a limited area. In other words:
Existing wind farm optimization strategies relate to maximization
of
capacity and/or revenue per total kw installed or per total
turbine
swept
area.
The strategy presented
relates
to
maximization of the above per total available ground area.
This approach is relevant in Israel because of the stiff
limitation of all candidate areas for wind farms. It is suitable
for other countries where the problem of area limitation exists.
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WIND ENERGY ACTIVITIES IN JAPAN
Izumi USHIYAMA
Ashikaga Institute of Technology
268 Omae-cho, Ashikaga-city, Tochigi-pref., Japan

Current wind energy activities in Japan include those sponsored
by government agencies, the electric power companies and private
industries. The national projects of WECS in Japan have been carried out mainly by MITI, the Science and Technology Agency, and the
Ministry of Agriculture, Forestry and Fishery under the cooperation
of national research institutes and private companies.
The governmental project of LWECS has been carried out by MITI as
a part of the "Sunshine Project", one of the national projects for
alternative energy. The first large scale wind turbine in Japan,
100 kW output, started to operate in 1983. The output was connected
to the network of Miyake island. The operational test runs had made
to examine durability and reliability of the component devices as
well as environmental impact. Through the analysis of the data, the
performance of various components of the systems were evaluated,
preparation for large-scale MW-class wind power plant. In addition,
the development of the LWECS is also progressing under the independ
ent efforts of several electric power companies and private firms.
As for the SWECS, in the end of 1970's, small scale wind power
systems were tested. This project was called "Futopia Project"
sponsored by the STA. Included in project were demonstrations on
wind power use for heating, charging, and water lifting. Also start
ed in 1982 was the second "Futopia Project", which employs hydrogenstoring metal in wind-powered heat utilization system for hothottses.
From 1979, the MAFF has conducted verification tests on agricultural
utilization of WECS in its "Green Energy Project". The project consist of a wind energy-heat conversion system for heating greenhouses
plus a mechanical power utilization system of stored wind energy.
Together with these nationally funded projects, several local govern
ments also have conducted demonstration tests on wind energy.
Moreover, in parallel with these national and local government
projects, the actual applications and development of wind energy are
also spreading rapidly in the private fields.
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THE DEVELOPMENT OF WIND TURBINES FOR ELECTRICITY UTILITY APPLICATION
Dr R R Wilson
Technical Director
James Howden & Co Ltd
195 Scotland Street
GLASGOW G5 8PJ
Scotland
U.K.

Over the last eight years, James Howden has supplied wind
turbines to a total of seven different electricity utilities
throughout the world. The turbines have ranged in size from 60kW
to 750kW, with a 1MW machine currenty being supplied to the
Central Electricity Generating Board in England.
For a wind turbine to be suitable for utility application it must
satisfy a number of criteria. Firstly, it is essential that the
quality of the power produced must match that of other generating
equipment in use. Operation of the wind turbine must be possible
safely, without introducing any significant disturbances into the
grid system. Secondly, a utility will only be interested in wind
energy if it is shown to be a reliable cost effective form of
electricity generation.
To be competitive with other methods of generating electricty, it
is necessary that the capital cost of the complete wind turbine
installation including foundations, roads and any transmission
lines required is as low as possible. On the other hand a long
operating life, typically 25 years, is required with a low level
of maintenance.
To satisfy these requirements, James Howden has developed a
design philosophy of using a simple wind turbine system with
standard components having high reliability proven in other
applications. Extensive test programmes undertaken jointly with
the various utilities have shown that this approach is now
offering the potential of cost effective electricty generation
from wind energy.
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AHLSTROH PYROFLOW CFBC TECHNIQUE AS A MEANS OF
UTILIZING LOW GRADE OIL SHALE FOR ENERGY PRODUCTION

P. TOrmikoski. R. Kuivalainen, A. Ahistrom Corporation,
Karhula, Finland
A. Wohlfarth, M. Schvarz, S. Luria, Pane Ltd., Arad, Israel

Oil shale reserves In Israel are estimated to be 10 billion tons.
Oirect combustion of oil shale and recovery of heat represents a
potential source of energy for the state. Oil shale has a low
calorific value, 4 MJ/kg, and high content of ash, 62 %, moisture
18 %, calcium carbonate 40 - 50 %, and sulphur 2.3 - 2.6 %.
The research program for studying the suitability of the AHLSTROH
PYROFLOW CF8C (Circulating Fluidized Bed Combustion) technique in
utilizing Oil Shale was initiated by PAMA Ltd. in 1982. Two test
trials were carried out In the PYROFLOW pilot furnace located in
the Hans Ahlstrom Laboratory, Karhula, Finland. Numerous test burns
have also been performed in the pilot plant of PAMA Ltd. Study of
design parameters such as combustion efficiency, minimizing the
attrition of solids and production of fly ash in excess, and
minimizing the carbonate decomposition have been the main test
objectives.
Throughout the tests in varying running conditions (760 - 850 °C)
the carbon utilization has been over 99 %. Combustion was stable
and easy to control despite of high ash content and varying fuel
quality. Low combustion temperature reduces the attrition of solids
as well as the calcination of carbonate. In addition to the test
results, the feasibility study, made by EKONO Corp., Finland,
proved the technical and economical capability of the PYROFLOW
CFBC technique for oil shale firing. In June. 1987 PAMA Ltd. ordered
the first, 50 ton/h demonstration boiler to be constructed in the
production plant of Negev Phosphates Ltd. at Nishor Rotem.
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DEMONSTRATION UNIT TO COMBUST OIL SHALE AS
INTERMEDIATE STEP TOWARDS POWER GENERATION
i^i_i??ili.£3£ii}i M # Schvartz, S. Luria, PAMA (Energy
Resources Development) Ltd.
R. Kuivalainen , Ahlstrom,
Osakeyhtio, Finland
The economics of electricity generation by direct
combustion of Oil Shale has been studied during
85/86. It was found that a 600 MW plant (5xl20MW
modules) adjacent to the deposit at Mishor Rotem plain
(Northern Negev) competes with a see shore coal fired
plant. To minimize risks it was decided to start with
an inbetween step of 50 t/h steam demonstration unit.
To minimize investment and. production costs the unit
will be integrated in an industrial complex of Israel
Chemicals at Mishor Rotem plain. The unit will generate
6 MW electricity in a back pressure turbogenerator and
produce low pressure steam. The steam will be selled
to Negev Phosphate company for process purposes , on
commercial basis. The project was launched on Aug.87.
The warm start up is planned to be on Aug.89. Mine
operations at the open pit site, 4 Km away from the
plant, have started. We expect to reach the top of the
Oil Shale layer by June 88. The first two years will
be used to create a data base for the next setp.
A 120-150 MW module is envisioned. During the first two
years reexamination and optimization of technical and
process aspects v/ill take place. Fuel grade, fuel
fluctuations, optimal combustion temperature and
optimal flow pattern are some examples of parameters
to be selected. Fuel introduction, ash collection and
disposal systems and. material selection are some
examples of technical issues to be optimized. The
experienc gathered in the demo plant will serve the
renewed techno economical evaluation. Positive results
will enable Israel to proceed with this enterprise.
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COUNTER-CURRENT FLOW FOR COAL COMBUSTION
Z. Hazanov, Y. Goldman and Y.M. Timnat
Department of Aeronautical Engineering
Technion - Israel Institute of Technology
Haifa 32000, Israel.

The objective of this work is to investigate the behavior of
coal and ash particles in a counter-current flow combustor and to
explore the possibility of obtaining high quality combustion at
such a temperature, that the ash will remain dry.
Staging the oxygen (air) supply and applying counter-current
flow of the combustion products enhances significantly the burning
intensity of pulverized coal. Practical restrictions are presented
by melting and sticking of the ash as well as a possible increase
in NO formation, if high temperatures (above 1400°C) prevail. A
decrease in flame temperature, achieved by changing the corabustor
configuration and by reducing fuel consumption, results in some
decrease of the total reaction extent and of the volatiles reaction
efficiency. It influences, however, only marginally the combustor
performance: the volumetric combustion intensity was reduced by 35JJ
for a 607. volume decrease. Most of the volatiles come from small
coal particles in the first stage of the combustion process, while
for the big particles (over 74 micrometers) there is overlapping
between the pyrolysis and the char homogeneous reaction. The
average particle size (S.M.D.) decreases during the combustion,
indicating a certain shrinkage for the bituminous coal studied.
Improving ash separation from the hot gases generated in the
combustor achieved by utilizing rotational motion of the combustion
products before they leave the burning area. It was shown that it
is possible to collect then about 80S of the total ash content.
Chemical analysis of the ash separated indicates significant
changes in the composition during the combustion process and
appearance of low fusion point constituents, mostly alkali oxides.
Their presence, even in low concentration, results in high adhesion
and low rebounding of the particles.
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A CLEAN CARBON FUEL FROM COAL
Meyer Steinberg, Department of Applied Science,
Brookhaven National Laboratory, Upton, New York 11973
A low cost two-step method of converting coal to a clean carbon
fuel has been devised. The method consists of hydrogenating coal in
an excess of hydrogen to form methane. The methane is then thermally decomposed to carbon black particulate and hydrogen. The hydrogen acts as a carrier, lifting the carbon out of the coal matrix
structure and depositing it as a pure carbon black from the methane. The hydrogen is recycled so that no outside source of hydrogen
is needed and hydrogen and/or methane is produced as a by-product
fuel gas. The sulfur is captured by the limestone addition, the nitrogen in the coal is evolved as nitrogen gas, and the oxygen is
combined with hydrogen and removed as water. A specific design at
50 atm pressure was made using 30 component C-H-0 equilibrium data
as a guide. The hydrogenator temperature was selected at 800°C and
the methane decomposer at 1100°C. The exothermic heat of coal hydrogenation is about 18 Kcal/mol, and this is conserved by using a
dense phase aluminum oxide or sand in a moving bed and is sent to a
methane moving bed decomposer where there is an endothermic heat requirement of about 18 Kcal/mol. The HYDROCARB Process is highly efficient. The carbon-mass efficiency can exceed 95%. The process
thermal efficiency can be as high as 90%. The micron-size carbon
black can be mixed with water to produce a carbon-water-mix (CWM) or
it can be mixed with methanol or oil to form a carbon-oil-mix
(COM). CWM can be loaded to 65% C in water with a heating value of
111,000 Btu/gal or with oil, which results in a heating value as
high as 175,000 Btu/gal. These liquid CARBOLINE fuels can be used
in heat engines, turbines and diesels.
Preliminary cost estimates
indicate a relatively low capital investment compared to a much
higher investment in more conventional gasification and liquefaction
processes. Estimates of manufacturing and sellng price indicate
that CARBOLINE can be produced for $2 to $3/MMBtu competing with
present prices of oil and gas.
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PROCESS DESIGN FOR HIGH-SULFUR FUELS UTILIZATION
G.L. Eateraon, M. Piamen, and Z. Aizenshtat
The Hebrew University of Jerusalem
Jerusalem, Israel
Due to its diversity, the sulfur atom can become part of all constituents of fossil fuels:
in
the mineral matrix, as S04 ( + 6 valence) or as metal
sulfide (-2 valence); in the organic matter as S (0
valence, e.g., thiols, thiophenes, sulfur bridges).
Therefor, its removal before use of a high-sulfur
fuel is very expensive and difficult, if at all
possible. Thus, to prevent environmental pollution,
one must also study sulfur removal both inside and
following the process. Combustion, gasification and
liquefaction a^e inherently tied to an understanding
of the thermal behavior and chemical reactivity of
sulfur.
This paper concentrates on the reactions
and removal of sulfur inside of a two stage fluidized bed combustion reactor using high-sulfur bituminous marls ("oil
shales") from the Zef'a Ef'e
(Israel) deposit.
These carbonate-rich marls contain mostly kerogen (95 % of organic matter) with 812 * organically bonded sulfur, a small amount of
sulfate, and about 1 H pyrite. The GENESIS process
(Generation of Energy from Shale of Israel) was
designed with the above constraints in mind, yields
high thermal efficiency, minimized energy loss due
to carbonate decomposition, and nearly total removal
of sulfur as CaS04 in the ash. The rationale behind
the GENESIS process with respect to sulfur will be
elucidated.
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MODERN UTILITY BOILER DESIGN FOR LOW GRADE COALS

W. J. Peet, Babcock £ Wilcox Canada
Cambridge, Ontario, Canada

INTRODUCTION
With the rising cost and potentially uncertain supply of liquid
and gaseous fuels, utilities throughout the world increasingly are
turning to coal as the predominant source of electric power
generation. This trend can be expected to continue, particularly as
indigenous supplies of coal are developed, until the end of the
century.
Until recent years, the preponderance of coal firing has been
with higher quality bituminous coals with relatively low fouling and
slagging potential. Many new coal fired boilers are being placed in
service utilizing lower grade coals with severe fouling and slagging
potential, higher ash and moisture contents, and low heating values.
These newer boiler designs must also be flexible to accommodate a
variety of coals that will be fired over the lifetime of the plant.
This is particularly true where indigenous and relatively
uncharacterized coals will be used, in some cases from mines not yet
opened.
Modern boiler designs that provide a reliable source of electric
power are available to handle thsse lower ranked coals. These
designs must and do take into account these lower ranked fuels on the
pulverizer and burner system design, furnace designs, convection pass
arrangement and spacing and auxiliary equipment design.
In this paper, we wi'l review the basic coal fuels technology
and ranking with basic combustion philosophy. Babcock & Wilcox
(B&W's) experience in designing for all types of coal, including
operating and testing results, will be presented. Additionally,
basic design parameters and the methods available to correlate boiler
design to fuel characteristics, as compared to known fuels, will be
discussed. Finally, we will review new technology applications to
improve our knowledge of these fuels and improvements in boiler
designs and control to accommodate these lower ranked coals.
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ENERGY, ETHICS & COMMON SENSE
DeSimone, Peter. General Contractor, Malibu Energy Systems,
P. 0. Box 4131, Malibu, California, 90265, U. S. A.

International energy cooperation necessitates the
delineation of common international energy goals. Furthermore, a means for implementing these goals must be found.
There are two primary objectives we need to devote our
attention to at this time. The first is to promote more
efficient energy use regardless of energy source. This
would include improving energy systems design, matching
energy needs to proper energy types, curbing frivolous
energy use, and other "conservation" type measures.
The second goal should be the gradual replacement of
fossil fuels as a primary energy source. Fossil fuels are
an unreliable finite source and are ecologically deleterious.
Alternative sources should be renewable and matched
to each individual nation's needs and resources. Industrialized nations should lead the way.
Progress has been made towards both these objectives.
The realities of supply and demand make them inevitable.
The challenge now is to bring them about before we ate
finally forced into drastic measures.
Members of this
congress must stress the importance of these issues at
home. The consciousness of the general public needs to be
raised regarding these issues. Political pressures need to
be brought to bear on the energy decision makers. The free
flow of technology is essential for rapid evolution of
fossil fuel alternatives. A form of energy ethics needs to
evolve whereby decisions are made not solely for economic
reasons, but also for the long term good of the planet, and
its inhabitants.
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ADMINISTRATIVE DIMENSIONS OF ENERGY MANAGEMENT IN
DEVELOPING NATIONS
DR. Lenneal Henderson, Jr., Head and Professor,
Department of Political Science, Director of the Bureau of
Public Administration, University of Tennessee, Knoxville
1208 Sundew Drive Knoxville, Tennessee 37914
Whether reducing pertoleum dependency, advancing alternative
energy modes or coordinating more efficient energy policy
initiatives with other nations or organizations, developing
nations must implement energy strategies through indigenous
administrative institutions. This paper examines some of the
problems and prospects associated with the administrative
demension of energy management in developing nations with an
emphasize on the concept of efficient institutionalization
of energy management. India and selected nations in Africa
are examined as cases in point.
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THE HEATING GQET SHARING METHOD IN APARTMENT BUILDING
Sand Dong Park *
Jung Sun Woo *
t Korea Insti tute of Energy
and Resources
Daeduk Science Town. Daejeon
South Korea

There are two different kinds of heating bill systems in the
centrally heated multi-family residential building, (be is to
proportionally allocate the heating bill according to heated area
which each residence occupies •" the heating bill is made by
Multiplying the heating area of a residence and unit price of
heat in the building cooplex. The other is to issue the heating
bill by the amount of heat used by each residence, for instance,
we can levy the heating bill to each residence by measuring the
Calorie Meter which is installed in each residence.
There can be. however, some complaints from the residents
due to the straight allocation rate of heating bill. In other
words, we can easily know that there can be big difference even
between two residences having the same heating area - the heating
loads of the edge residence can be doubled to the core residence
for the two residences to maintain the same indoor environments.
That's why we may need a certain allocation rate of unit
price of heating energy for the reduction of heating bill of edge
residence, instead, for the escalating of it for core residence.
In this presentation, the basic . theory and panel heat loss
ratio in Ondol heating system are investigated and the
experimental results related to the actual distribution of
heating energy and room air temperature in each apartment are
analyzed. And we produced the theoretical heating cost
coefficients which range from 1 to 2.63, for heating cost
allocation in Seoul area considering the location of each
dwelling.
Finally a heating cost allocation method using heating cost
coefficient is proposed.
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BALE OF ENERGY FROM SOLAR SOURCES
FOR PARTIAL SUBSTITUTION OF FOSSIL FUEL OR ELECTRIC POWER
IN HOT WATER SUPPLY INSTALLATIONS

SHAUL ADEL, Ph.D.
PAZ OIL COMPANY LTD.
HAIFA - ISRAEL

Solar energy systems can successfully and economically substitute
a substantial amount of energy provided by conventional methods
In hot water supply installations.
Adequately designed systems -for specific uses will allow a rather
short pay-back period for the investor even if the energy
generated from the solar system is sold to the customer at a
discount price in parallel with his prevailing conventional
heating installation. Bonus -gains, such as reduced maintenance,
longer life expectance of the prevailing systems and longer stand
still periods will further encourage customers to adopt the
method.
The successful implementation of the energy sale method requires
consideration of several design criteriai
a.

Type of customer and usage patterns of energy.

b.

Type of solar system,
solar collector.

c.

Annual insolation on the collectors surface.

d.

Utilization factor
actually used.

e.

Annual operation and maintenance costs.

f.

Cost of fuel equivalent or electricity cost

g.

Net boiler efficiency, measured at the point of consumption,

h.

Annual charges on capital (interest and depreciation).

i.e.

the

annual efficiency of the

(the fraction of the gross yield that is

Examples of adequate solar systems,
collectors will be presented.

using

proprietary

solar

The conclusions are' that in competition with electricity, the
solar installation is competitive in most cases. The same applies
for systems using small boilers burning expensive liquid fuels,
or in systems where the usage pattern of fuel or the intrinsic
design does rot allow a high energetic efficiency.
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ECONOMIC REALITIES OF UTILIZING RENEWABLE
ENERGY SOURCES
Dr. Dan Dvoskin,
Ministry of Energy and Infrastructure,
Jerusalem, Israel
Renewable energy sources such as wind, solar,
geothermal and bioroass, have a theoretical
potential of supplying much of the stationary
energy needs in the world. Until the recent
energy price declines in 1985 these energy
resources were regarded as an important
solution for the world energy problems.
The paper examines the socio-economic
realities involve in converting renewable
energy sources to usable energy forms such as
electricity and heat. The paper explains that
these socio-economic realities, such as large
initial investment and high risk involved are
likely to be the main obstacles for their
quick and wide utilization in developed and
developing countries. The paper emphasizes
the special role of the government wishing to
expand the utilization of these resources.
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INTEGRATED ENERGY SYSTEM FOR A KIBBUTZ
Prof. Dan Zaslavsky, Fac Agr.Eng.,
Technion, Haifa 32000, Israel

The agricultural community has both the need and
the
capability
of
utilizing a variety of
energy-saving
technologies,
in general, and
renewable
energy, in particular. The Israel
Kibbutz is a subject for such an application
that will add up to an integral system.- It
involves conventional energy savings, methane
production
out
of
manure;
Burning
of
agricultural refuse; Small-scale water pumping
and pumped storage; Solar collectors or hot
water
and
steam;
Solar
ponds
for solar
collection and heat storage from various other
sources such as waste heat, cooling systems,
shift of peak demad, etc; Wind turbines; Heat
pumps, etc.
Like Israeli Agriculture, the cooperative- farmintegrated energy system could become a source
of inspiration and guidance for the developing
world.
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CONTRIBUTION OF THE IEA TO ADVANCES IN ACTIVE AND PASSIVE
SOLAR TECHNOLOGIES
FREDERICK H. MORSE,Manager,Solar Heat Technologies,Conservation
and Renewable Energy, Department of Energy, Washington D.C.
20585, U.S.A.
Today, solar heating and hot water systems are commercially
available in many countries: from passive heated application
in England, to a large agricultural water heating application
in the Netherlands. From domestic water heating in Canada, to
the solar heating and cooling of an office building in Japan.
From homes heated via passive solar in Austria, to largescale solar water heating systems in Spain and the United
States. Ten years ago, this technology was not available on
any commercial scale. Except in a few countries such as
Australia and Israel. The dramatic and important progress
made in solar heating during this past decade was due, in
part, to the results of the International Energy Agency
(IEA) Solar Heating and cooling. Program, together with the
National Programs within the IEA Countries. This international
research program has made important contributions towards
identifying and resolving the major problems which blocked
this technology.
These contributions are highlighted in this presentation.
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ENERGY AND BYPRODUCTS FROM WASTE BORNE ORGANIC MATTER
G. Shelef. S. Kimchie and M. Green
Technion - Israel Institute of Technology, Haifa, Israel
Organic wastes In the form of municipal solid wastes (town
refuse), agricultural wastes (animal manures and vegetative
wastes), municipal sewage sludge and industrial and agroindustrial wastes constitute over 15 million tons per annum
of potentially recoverable dry matter in Israel.
These organic wastes cause environmental pollution of water
resources, soils and atmosphere, as well as aesthetic eyesore and source of malodors.
Because of their high moisture content and heterogenous
composition, direct energy recovery by incineration could
be uneconomical and environmentally unsafe under the conditions of Israel. Since most of these wastes are readily biodegradable, biotechnological treatment methods are advantageous as far as energy recovery, production of high-value
byproducts and environmental safety are concerned.
The full paper describes examples of anaerobic digestion
of animal manures (dairy cows and piggeries), municipal
solid wastes (MSW), industrial wastes and sewage sludge for
the production of biogas (approx 65% methane) together with
enriched growth media for agriculture (EGMA) to substitute
imported Sphaegnum peatmoss. Alternatively mild acid
hydrolycs of MSW or vegetative wastes followed by ethanol
fermentation to produce ethyl-alcohol, energy and/or EGMA.
The economics of these schemes rely on the combined values
of energy, the various byproducts and the benefit resulting
from environmental pollution abatement.
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THE CONVERSION TO COAL

MOSHE KACZ
ISRAEL ELECTRIC CORPORATION LTD.
HAIFA, ISRAEL
The I.E.C. decided in 1972 to build a k unit 35OMW each
heavy oil fired power station near Hadera half way between
Haifa and Tel-Aviv (from here its original name Middle
distance M . D . ) . The scheduled operating date of the first
unit was 1976 and the rest of the units each one year later.
However, because of the difficulties^licensing procedure,
it became clear that this schedule cannot be realized and it
was decided to build a repeat station of Eshkol C, 2x228MW
oil fired units beside Eshkol in the Eshkol site in a
shortened time schedule and operate the first unit in 1977
and the second a year later. At the same time it was also
decided to postpone the completion of the first unit of
M.D. station to 1987- The conceptual design of M . D . station
started immediately with the help of the consulting
engineers Sargent and Lundy of Chicago and the purchasing
of the major equipment was started. When the Yom Kipur war
broke out the conceptual design of the station was already
completed and the turbine generators and the steam generators
were purchased. With the first signs of the energy crisis
Dr. Zvi Denstein Deputy Finance Minister proposed to check
the possibility to convert the station to coal firing. The
Israel Electric Company decided to look into the matter and
with this step started one of the biggest technical and
economical success of the IEC and the State of Israel.
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THE PEBBLE BED HIGH-TEMPERATURE REACTOR
AN INNOVATION TO THE ENERGY MARKET
Dr. E. Baust
Hochtemperatur-Reaktorbau GmbH
Gottlieb-Daimler-Str. 8, D-6800 Mannheim 1
Federal Republic of Germany
With the start of commercial operation of the THTR 300 in the Federal Republic of Germany in June 1987 BBC/HRB have taken the pebble bed high-temperature reactor to the threshold of commercialization. The THTR 300 is the reference plant for the overall hightemperature reactor line in the power range up to 600 MW offering
the additional possibility to make use of the experience gained
from the successful 20 years of operation of the 15 MW AVR nuclear
power plant in Juelich also constructed by BBC/HRB.
An important step on the way to the commercialization of the HTR
is the HTR 500, a power plant for electricity generation with the
possibility to extract process steam and district heat. It meets
the modified demand of the power plant market, which for reasons
of grid size, scope of financing and the lower increase in electricity demand internationally shows a trend towards power units
in the range of 300 - 600 MW. Due to the use of HTR-specific safety characteristics and extensive application of the technology of
the THTR-300, the HTR 500 is economically competitive with large
LWRs.
For special applications in industry (cogeneration of steam and
electric power) and for special siting conditions (near industrial
centers) the small 100 MW HTR has been developed, which can also
be constructed, as a 200 MW twin-plant, competitively with conventional power plants of the same size without involving the problem
of air pollution.
As a further HTR application, small heating reactors of about 10
MW th can be designed on the basis of the pebble bed reactor concept, which' can also be applied for the desalination of sea water.
The HTR is a decisive innovation in the field of reactor technology which can represent an important contribution to the intermediate and long-term supply of safe, invironmental and economic
energy to the entire electricity and heat market.
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THE ECONOMICS AND INTERNATIONAL MARKET POTENTIAL OF LUZ S O U R SYSTEMS

J. Pinto, Y. Zilka - Luz International Ltd., USA

The ongoing solar thermal electricity program developed by Luz in Southern
California totaling 574 MWe net capacity to be installed by 1992, has paved
the way for competitive large scale comnercial solar electricity projects for
international electricity markets in developing and industrial countries.
Since the development of the first Luz Solar System there has been a marked
cost reduction in all aspects of the Luz system. Although the Luz system is
based on a solar field composed of the Luz Solar collector many other features
affect the economics of a large scale solar power plant.

-

Overall capacity needed
Variation in Electricity load factor
Need for thermal storage for output shifting
Design size of solar field
Site characteristics
Direct radiation characteristics
Desired operating mode
Marginal electricity prices
Type of fossil fuel and marginal fuel costs
Financing constraints and availability

To date Luz has constructed 30 MW (net) solar power plants. 80 MW (net) plants
are under design and will be under construction through 1989.
For the future, Luz is developing solar power clusters (sites) of 300 MW each.
The larger plants have the considerable advantage of economies of scale in
development, construction costs as well as operation and maintenance costs.
The Luz experience and projections result in power generation costs per
Kilowatt hour of:
35 MW (gross)
8-9 c KWh

90 MW (gross)
7-8 c

3PJLMW (gross)
5-6 c

Markets
The advantages of the Luz system are particularly attractive to Electric
utilities and other clients throughout the world who have the following basic
features:
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A.

Availability of solar insolation

B.

Expected future growth and demand for electricity baseload and peak
load consumption.

C.

Scarce local conventional energy sources or alternatively a
preference to use local sources as a foreign currency source.

D.

Need for diversification in electricity generation and independence
in electricity production.

SUBSTITUTION OF NATURAL GAS BY METHANOL IN FERTILIZER PRODUCTION
F. Diepstraten, J. Pruis and E. Nieuwlaar
Energy Science Project
Analytical Chemical Laboratory
State University
3522 AD Utrecht, Netherlands
The steam conversion of natural gas (methane) into a gas mixture
containing hydrogen, carbon monoxide and carbon dioxide is used on a
large scale in the chemical process industry. For example, the
process is in many situations the first operation in the production
of ammonia, which is used for the production of fertilizers. The
fertilizer industry is one of the largest energy consumers in the
chemical industry.
The disadvantage of the methane shift reaction is the high
temperature -at least 1050 K- required to make the conversion
thermodynamically and kinetically possible. Large amounts of energy
are generally lost to the environment, especially when the heat
produced by this operation cannot be applied to other unit processes
in the factory.
Not in common use is the steam conversion of methanol into the gas
mixture mentioned. This conversion requires a temperature of only
700 K. In this paper the substitution of methane by methanol is
analyzed with respect to the steam conversion process. Both the
energy issues and the economic aspects have some interesting
perspectives.
The position of methanol versus natural gas on the world market is
reviewed with respect to their application in the steam conversion.
The influence of the location of the industry and the prices and
availability of methanol compared with methane are analyzed.
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ENERGY FROM DRY AIR - OR SOLAR ENERGY
WITHOUT COLLECTOR
Prof. Dan Zaslavsky, Fac.Agr.Eng.
Technion, Haifa 32000, Israel

Dry air is supplied by the two desert belts of
the world. It rises in the equatorial area,
sheds its water, flows north and south and
finally descends adiabatically hot and dry. One
way of utilizing of dry air is to produce a
downdraft within a tall chimney by spraying
water into air and cooling it. Turbines put in
the
path
of
flowing
air
would
produce
electricity. The author has studied in detail a
baseline design and obtained results which are
very similar to those obtained earlier by Philip
Carlson.
The practical performance has been
confirmed
by
recalculating. The deliverable
energy is some 60% of energy produced. It is
proportional to the chiooiey cross-section and to
the
chimney
height
to
the power 1.5. A
conservative forecast predicts a cost of 2.5-3.5
cents per Kwh. The technologies seem to be
available. The potential is such that even a
fraction could suffice to produce most of the
electricity demand by mankind.

122

"KENDAL - 4 000 MW INDIRECT DRY COOLED POWER STATION PROJECT"
JAMES E DEELSY
PROJECT MANAGER (KENDAL)
ENGINEERING GROUP - ESKOM
P 0 BOX 1091 JOHANNESBURG 2000 RSA
(Oil) 800-4301 TELEX 4 - 24481 SA
Kendal is a unique 4 000 MW indirect dry cooled coal fired power
station now being built by Eskora in South Africa ninety kilometers
east of Johannesburg.
The largest installation of its kind in
the world, the station will represent the state of the art in
indirect dry cooling technology when complete.
The paper describes the Project Management experience from inception
to the present commissioning phase of the first of six units,
which will be handed over for commercial service in June 1988.
The paper describes the establishment of the need for a new station,
the selection of the site, the optimisation of the conceptual
designs, the evaluation of different CW systems, the negotiations
with major contractors, and funding opportunities.
The project has involved the co-ordination of the activities of
many international contractors and suppliers with a considerable
transfer of technology. Encouragement in the use and development
of local manufacturing capabilities has stimulated local resources
providing wide opportunities for employment.
The project has
been successfully sustained despite the effects of political events
such as short-term loan embargoes, sanctions and exchange rate
variations.
The Project Management systems used to control time and cost are
described with the organisational structure in the matrix of the
Eskom Engineering Group.
The total project will be brought to conclusion with the expiry
of guarantees on the sixth unit which will be handed over for
commercial load in 1993.
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DESIGN AND CONSTRUCTION OF MODERN REFUSE
INCINERATION BOILER PLANTS

Dip] . I n g . B o r c h e r t
K a s s e b o h m
Head of the Planning Dept. Stadtwerke Diisseldorf
AG, Luisenstr. 105, D-4000 Dusseldorf 1
Changing quantities and ingredients of the refuse
causes to existing boilers next loss of capacity
espezially tremendous damages of corrosion and
erosion on the steamtube surfaces. Solutions could
be found at least, by equalizing the fuelfeeder
portions to the grate, by developing methods to
recognize the amount of refuse upon the grate
metering the pressure drop of the combustion air
and by detection the heat value pyrometering the
flame. These signals then causes a sufficient
dimensioned overfire air fan to prevent any CO but
also to cool down the first part of the furnace in
case of temperature excursions. A widely dimensioned furnace above the grates and an extra long
flue gas duct to the frist tube bundles minimize
the gas velocity to around 6 m/s preventing greater
emissions of erosive particles.
The total of these methods became realized for the
first time with the boiler No. 6, commissioned
in 1980. It's availability has swung into around
85 %. The average of 900 °C firing temperature in^
an oxygen saturated atmosphere minimizes the e m i s sions of unburned carbons, hydrocarbons etc.
dioxins and furans of the 2, 3, 7, 8 TDCC typ
could'nt be found wether in the fly ash nor in the
stack particles.
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INDUSTRIAL COMBINED CYCLE POWER PLANT
FOR ASHDOD OIL REFINERIES

M. Schaal, IDC/ENCO SYSTEMS, K. Bialik, Israel.
Y. Singer, Ashdod Oil Refineries, Ashdod, Israel.

A proposal has been prepared to install a combined cycle
industrial power plant in Ashdod Oil Refineries.
The proposed Industrial Power Plant includes mainly:
Gas Turbine Package Model LM-2500 or equivalent. Heat
Recovery Steam Generating Boiler with back-up auxiliary
firing. Gas Compressor, Back Pressure and Condensing Steam
Turbines.
Estimated gross capacity of Gas Turbine is
19,370 KW
Estimated Steam Turbines capacity
1,800 KW
Total Gross Capacity
21,170 KW
Estimated required Compressor Power
800 KW
Net Power including miscellaneous
auxiliaries
20,370 KW
Estimated Process Steam Production
32.6 ton/hr.
Fuel to be used to fire gas turbine is so called "fuel gas",
a by-product of oil refinery processes. This is a mixture of
light hydrocarbons and 50 to 60% by volume hydrogen.
Estimated fuel flow.is about 4 ton/hr, equivalent to 5.22
ton/hr oil.
Value of electricity either saved or sold to IEC, is
estimated at 5.5 C/kwh as an average of "time of use" high
voltage electricity tariffs. Fuel cost is 88 $/ton oil
equivalent.
Total estimated investment is 22.4 Million Dollars.
Because at its high efficiency it has been calculated that
this project is economic from a national economy viewpoint
since it "has a good positive present value at a 12% annual
discount rate on total investment..
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MODULAR UNITS FOR ON-SITE POWER GENERATION
IN REMOTE LOCATIONS
U. Kaplan and M. Gill
Ormat Turbines Ltd.
Small power plants producing 1- to 30-MW, utilizing
locally available energy sources, are very important
to countries poor in fossil fuel or to regions far
away from fossil fuel sources. In many sites worldwide non-fossil alternative energy resources (thermal) are available: low-to-moderate-temperature geothermal hot water and steam, solar energy, waste
heat and biomass.
New technologies have become available and in many
cases they are already economically competitive. In
many such applications modular geothermal power
plants and solar pond power plants have been field
tested and have been put into routine operation. In
both
systems
a modular, containerized organic
Rankine cycle (ORC) turbogenerator is used
to
convert moderate-temperature heat into electrical
power. This key element of the two systems is now
technologically mature, having been developed by
Ormat since 1965 with some 4,000 units commercially
utilizing both fossil fuel and alternative energy
sources. Field experience of 40 million operational
hours has been accumulated.
The technology is briefly described. A number of
very small unattended applications (0.5 to 6 kW) and
small fuel-free power plants (0.1 to 30 MW) are presented and discussed.
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HEAT PUMP FOR CHILLING AND ICE MODE OF OPERATION
A. OPHIR AND A. KOREN
ISRAEL DESALINATION ENGINEERING (I.D.E.)

The vapour and compression and vacuum freezing processes which
were intially developed and are used for sea water desalination,
now have been found to be a feasible alternative to conventional
technology in achieving the following requirements
1. High C O . P . of operation for space cooling system
2. A high rate of production of ice for the mining industry.
3. Ice - banks - energy storage during off peak-loads.
4. Heat recovery from low temperature sources where conventional
technology faces difficulties.
The technology has been demonstrated by a pilot heat pump based on
the vacuum freezing process which is installed in Denmark using
North sea water as a heat source and generating a heat capacity of
2.5 MW.
The present paper describes the vapour compression chilling
process mode and vacuum freezing ice process mode and gives an
outline of the technical and economical advantages in comparison
with a typical commercial heat pump used for similar applications.
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A METHOD FOR SELECTING PARAMETERS OF SMALL-SCALE DISTRICT
STEAM SUPPLY AND POWER GENERATING PLANT
Zhengliang Tap
Shanghai Institute of Mechanical Engineering
516 Jun Gong Road,- Shanghai 200093, CHINA
In the process of implementing district heating, a important problem is "How do you select the parameters of
steam-feed combined heat and power plant". If we select the
equipment parameters very well, energy economy is obvious.
This paper presents a method for selecting parameters of
steam supply and power generating plant together with a graph for selecting inlet parameters and backpressure. As an
example, a Shanghai steam supply and power generating plant
is serveed to show the energy economy benefited by applying
this method. Under given back pressure, when the energy index is known, the power index is changeable within the limits
of the energy index. The given power index corresponds to
the given inlet pressure and temperature, but other factories
are to be considered, for example, the problem of the series
of steam turbine and boiler. Inlet parameters of steam turbine must be practically selected, using as higher inlet
parameters as possible. As for the selection of back pressure, we must look at technological process practically.
Under same power indes, the more efficient the device. To
select the back pressure the requirements of the heat consumer and pressure losses of technological process must be
considered. As an example, a Shanghai steam supply and power
generating plant has saved 1264 tons of coal each year owing
to their successful work in the seclection. So how to select parameters are important. This method is also suitable
for a power generating plant of a factory.
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EXERGY ANALYSIS OF EFFICIENCY OF INDUSTRIAL ENERGY USE
W.van Gool and A. Hooeendoorn - Energy Science Project
State University - 3522 AD Utrecht - Netherlands
R.KUmrael and H.-M. Groscurth - Physikalisches Institut
UniversitMt - Am Hubland - D-8700 Wtirzburg - West Germany
Industrial processes have energy demands on different temperature
levels. In fulfilling these demands several techniques are possible,
such as cogeneration and thermal heat pumps. Excess heat on a certain temperature level might be used to fulfill demands on lower
temperatures by applying heat exchangers. The interaction between
these options is quite complex since the application of one option
may influence the possibility of applying other options.
A procedure is described to determine the minimum energy requirement when several supply and conservation options are applied
simultaneously. Demand and supply are described with their quality,
which is the ratio of the exergy (availability) and the enthalpy of
the energy considered. Two algorithms are developed to solve the
optimization problem leading to the same results.
The demand - temperature profiles of the industrial energy use in
Japan, West Germany and the Netherlands are analyzed with this theory. The profile can have an important influence on the possibility
to use the different options. Generally, the application of cogeneration and heat pumps can save some energy, but in terms of cost the
savings are marginal. In these calculations average values are used
for investments and energy costs. The conclusion is in agreement
with the experience in daily life: the energy efficiency and the
benefits of using a heat pump or applying cogeneration must be carefully analyzed for a particular situation. The application of heat
exchangers to use excess heat for further application appears as the
large energy and cost saving option.
One assumption in the theory is that the energy demand and supply
flows are continuously available on the same location. This is valid
for one process, it could be valid for some industrial complexes,
but it is certainly not true for a national energy system. In
addition to the possibility of using heat exchangers, other methods
for heat handling are analyzed. The method is also applied on a
microscale to a few selected processes.
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A SET OF GENERALIZED PARAMETERS FOR SUMMARIZING THE
PERFORMANCE OF SOLAR ELECTRICITY GENERATING SYSTEMS
by
Aharon S. Roy
Dept. of Chemical Engineering, Ben-Gurion University of the Negev, Beer-Sheva
and
Avraham Halperin, Dov Eisenberg and Yaacov Ganan, EPC Energy Projects
Corporation, P.O.B. 3151 Beer-Sheva
Solar energy systems concur high investments. Hence their cost-effectiveness
strongly relies on their productivity in converting the solar radiation into a usable
form and transporting it to a customer. However, the productivity, when measured
by way of conversion efficiency or energy density, etc., is strongly influenced by
local conditions and by many, widely varying particularities of each specific system.
For instance, some solar electricity generating systems incorporate the use of fossil
fuel as an important part of the total energy input, while other systems do not use
any fossil fuel. How then should the net solar contribution be measured in each
case? Various developers invoke quite different approaches to this question, with
consequent very different results. Another problem: Various technologies respond
to different kinds of solar insolation (e.g., full or partial direct-normal, total-on-tilt
or global-tracking radiation), and operate only on radiation levels above certain
thresholds , while the values of these thresholds vary widely from one case to
another. Many such discrepancies have been identified and studied. The problem is
corrected by defining an improved set of generalized and normalized parameters,
which equally apply to various systems and localities, thus enabling the assessment
of different technologies on a common denominator. A full record of the work
including examples for the application of the method to several solar-electricity
generating systems will be outlined.
Support from the Ministry of Energy is gratefully acknowledged.
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m DOES THE OBSERVED ENERGY EFFICIENCY CHANGE?
THE SOUTH AFRICAN EXPERIENCE, 1950-1985
by PR PIETER E W PER DUSSEH
PrograiK Manager: Techno-econoiics and Forecasting
Centre for Advanced Cwpiting and Decision Support,
Council for Scientific and Industrial Research
Box 395, Pretoria 0001, Republic of South Africa
The observed overall energy efficiency path for South Africa has been erratic, rising
froi 100 in 1950 to 124 in 1970 and then dropping to 101 in 19S5. Three tain factors
affect overall energy efficiency: technical-technological change, econoiic growth, and
structural change. Eapirical evaluation indicates that econoiic rather than technical
factors caused the drop in observed overall energy efficiency since 1970.
After unabated exponential growth around 4,51 per annul froi 1923 to 1970, the
gronthi>ath changed to linear froi 1971 until 1980 and then stagnated. Manufacturing
experienced continuing belorcapacity production since 1980, Kith the accMpanying
diseconoiies causing reduced energy efficiency. Due to a long drought, fariers
expended considerable anunts of energy but harvested average to poor crops. These
econoiic factors had to depress overall energy efficiency after 1970.
Froi 1950 to 1970 the eccnoiic structure changed fundamentally, with the participation
ratio of Manufacturing in the total econoiy rising froa 16 to 21X. With Manufacturing
relatively energy-intensive, the sharp rise in overall energy efficiency up to 1970
indicates a high level of technical-technological energy efficiency in the
establishment of this sector.
After 1970, energy costs rose sharply, calling for the further ivroveient of
technical energy efficiency. With the participation ratio of Manufacturing increasing
further to 25,61 by 1980, the saie structural effects Here present. Thus there is no
reason to assme that energy efficiency would have declined due to technical causes
after 1970. This Has rather due to econoiic causes such as changes in the econoiic
growth-path and a declining growth-rate.
It is the ail of this paper to investigate nays and leans how the causes of the
erratic behaviour of the observed overall energy efficiency for South Africa can be
isolated and assessed.
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MODELING OF CATALYTIC CARBON DIOXIDE REFORMING OF METHANE
IN SOLAR DRIVEN CHEMICAL REACTORS

E. Meirovitch, A. Segal and M. Levi
Center for Energy Research, Weizmann Institute of Science,
76100 Rehovot, Israel
The concept of converting solar into chemical energy is
materialized via the endothermic catalytic reaction of
carbon dioxide reforming of methane, with the heat of reaction supplied by the sun. A theoretical model, accounting for both heat transfer through the reactor walls into
•the catalytic bed and for the overall rate (i.e. including
both chemical and physical phenomena) of the process is
presented. This formulation is applied to analyze experimental results obtained with various reactors differing
primarily in geometry, size and the heating mechanism (direct, indirect or integrated). The fit between theory and
experiment is discussed in detail and implications of this
comparison, as they relate to reactor design, theoretical
developments and future experiments are outlined.
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EXERGY MATCHING FOR EFFICIENT ENERGY CONVERSION.
Willem van Gool and Frans Diepstraten.
Energy Science Project
Analytical Chemical Laboratory
Statep University
3522 AD Utrecht, Netherlands
The increase of the efficiency of the use of energy is often
analyzed by exploring the possibility to apply cogeneration, heat
pumps and other types of equipment. In these devices energy is
converted from one form into another. There are, however, important
differences in the conversion efficiencies. This is also true for
chemical processes, for example the conversion of naphtha into synthesis gas. Any of these conversions can be described in terms of an
energy donating and an energy accepting system. During the conversion, both the amount of energy and the exergy matching of the donor
and the acceptor system are relevant. Conversion processes can have
a high efficiency with respect to energy (enthalpy) and a low exergy
efficiency. Energy conservation can be obtained when the exergy
change of the donor system can be matched by the exergy change of
the acceptor system.
Several examples will be discussed. Typically good exergy matching occurs in biochemical energy conversions, low exergy efficiencies are obtained when fossil fuels are burned to heat buildings or
to make hot water. Many separation processes also have low exergy
efficiency. For some processes, the possibilities for an improvement
of exergy matching (and therefore energy conservation) will be discussed.
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