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SURVEY FOR THE SYSTEMS UTILIZING SOLAR HEAT

(Summary)

Objectives
In Japan, where energy resources are scarce, the effective utilization of new 
energies has long been a theme of interest. In addition, expectations for the 
effective utilization of a clean new energy have increased together with the 
increase in the seriousness of environmental problems. The goals of this survey 
are to provide a means of grasping the present situation concerning solar heat 
utilization technology and to propose a concrete technological development 
program, mainly for industrial use.

Work Program
(1) Survey of the current status of solar heat utilization technology
The recent technological development situation was surveyed concerning solar 
heat utilization technology as well as heat collection technology, heat accumulation 
technology, heat shipping technology, materials technology, hybridization 
technology, and systems technology to obtain a grasp of the past situation 
concerning solar heat utilization technology research and development.
Local surveys were also made in European countries such as England and 
Germany, and the United States.

(2) Establishing solar heat utilization concepts
©Grasping the actual solar heat utilization situation and survey of needs 
A user survey related to existing solar heat utilization systems was made and 
hearings were held with knowledgeable people to grasp the current utilization 
situation, the advantages and problems of systems that utilize solar heat, and to 
abstract the heat utilization needs in the industrial and private sectors.
(2) Establishing solar heat utilization concepts
Hopeful solar heat utilization concepts were established based on the above (1) 
survey of heat utilization needs.

(3) Evaluation of solar heat utilization systems
The solar heat systems in the various fields mentioned in item (2) above were 
analyzed and evaluated as to society, safety, economy and the environment.

(4) Establishing a development program for solar heat utilization technology
- Technological development programs
- Simulation development programs
- Solar heat technological testing fields
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Summary
(1) Current status of solar heat utilization systems 
© In Japan
Research and development on solar heat utilization technology began in Japan in 
earnest with the "Sunshine Plan" a year after the first oil shock in 1973. This 
research continues even today in various forms. This has already resulted in 
products such as solar hot water heaters and solar systems for home use. This 
research and development, however, placed more importance on essential 
technology research and development than on practical application research and 
development.
©Overseas
Research and development related to solar heat is being performed in many 
countries throughout the world. And, in all of these countries, supplementary funds 
are being provided for the promotion of research and development as well as 
diffusion.
During the current survey, local surveys were also made in England, Germany and 
the United States and it was discovered that there are fundamental differences 
between the ways in which Europe and the United States are coping with the 
energy problem.
In other words, since the United States possesses a huge land area and abundant 
natural resources, it is possible to guarantee energy for use within the country. For 
example, even if environmental pollution occurs in part of the country, this will have 
little effect on the country as a whole or neighboring countries, so the situation can 
be handled as an internal affair of the country. Consequently, research on 
renewable energy sources has been put on the back burner, so to speak.
Some solar energy research and development is still continuing but, for economy 
reasons, the trend for the country as a whole is toward reduction of budgets and the 
number of organizations involved.
In European countries such as England and Germany, however, the land areas are 
small, and boundaries between the various countries are either narrow straits or on 
land; therefore, environmental pollution by one country immediately has an 
adverse effect on neighboring countries because of the westerly prevailing winds 
and westerly flow of tides. Also, both of these countries are poor in natural 
resources compared to the United States, so mutual interdependence between the 
various European countries is indispensable if energy sources are to be 
guaranteed. Consequently, the impression received was that concern about 
environmental problems is increasing and that there is considerable 
consciousness of the fact that solar energy research and development should 
continue, even if it is not economical.

(2) Abstracting and evaluating solar heat utilization concepts
In order to clarify the solar heat utilization concepts to be researched and 
developed in the future in Japan, information was collected from knowledgeable 
people from committees and related industries, universities and societies, and
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questionnaires were sent to users.
As a result, the committees expressed the opinion that, concerning the practical 
application of solar heat, it is necessary to both clarify the need for solar energy as 
opposed to other energies and to develop government policies, and to proceed 
with research and development from the viewpoint of users.
Knowledgeable people from industry and universities also expressed the opinion 
that it is necessary to improve designs and reduce heat loss, and that a service 
system for installation work and maintenance should be taken into consideration.In 
response to the user questionnaire, many people expressed the opinion that 
improvements could be made concerning the high initial cost, and the fact that use 
is not possible in certain seasons. There were also many voices calling for national 
and local governments to provide supplementary funding and promote solar 
energy.
Promising concepts were abstracted from the results of the above survey. These 
were then evaluated in relation to four factors: society, stability, economy and 
environment. As a result, the following six items were selected as social needs, and 
as concepts that have a high possibility of achieving technical and economical 
practical application.
- Clinical sterilization by boiling
- Heating for surface treatment of metals
- Cultivation of soccer ground turf
- Water purification using photocatalysts
- Distributed type small electrical generators
- Sewage treatment using biotechnology

(3) Determining a solar heat utilization technological development program 
© Programs related to technological development
Of the six concepts mentioned above, "Cultivation of soccer ground turf" is already 
fairly close to the product stage; therefore, this item proposes a program for 
technological development aiming at the practical application of the remaining five 
concepts.
The concepts of cleaning up water pollution by using clean solar energy as in 
"Water purification using photocatalysts" and "Sewage treatment using 
biotechnology" have an extremely important significance for national and local 
government bodies and their policies, and should be given priority from the 
viewpoint of coping with the energy problem in Japan.
The concept of "Distributed type small electrical generators" is necessary for 
generating electricity in remote areas and on islands. There are two methods of 
generating electricity: generation using Stirling engines and generation using 
thermoelectric elements. Research is already underway on both methods but it is 
thought that more time is required for the development of essential technology to 
improve on the compactness and practicality.
To make "Heating for surface treatment of metals" practical, efforts must be made to 
reduce the initial cost for enterprises and the development of long-term heat
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accumulation technology is indispensable.
From the above, to make solar heat energy practical, technological development 
for "Water purification using photosynthesis" and "Sewage treatment using 
biotechnology" must be given the highest priority, after which the development of 
technology for "Distributed type small electrical generators" and "Heating for 
surface treatment of metals" can be considered important. It is thought that the high 
level of technology in Japan leads the world, especially in the fields of catalysts, 
biotechnology, and the utilization of biological solar heat.
"Clinical sterilization by boiling" will be necessary for assistance activities in 
developing countries and remote areas where the infrastructure is not complete. 
Thus, it is necessary that research and development continue, regardless of 
whether it is advantageous or disadvantageous economically, and reach the 
practical application stage as quickly as possible.
(D Simulation development programs
Concerning the development of simulation software, the following tools and 
systems should be the subjects of future studies.
- Passive solar house design tools
- Active solar system best mix type design tools
- System evaluation and analysis
- Solar heat utilization system building design systems and design simulators 
In developing these types of software, it is necessary to take a lesson from the 
present situation in Japan and clarify the roles and responsibilities of persons 
related to the software (designers, solar heat utilization equipment manufacturers, 
construction companies, etc.), selection and priority sequence of the required 
software, setting of the main object of development, etc., and to obtain as much 
cooperation as possible from development organizations and overseas.
In considering the passive software, building design tools, etc., which development 
will confront, there could be some value in creating, through simulations instead of 
actual development, villages and towns that utilize solar heat and in using various 
data to perform tests on a computer.
(3) Solar heat utilization technological experiment field proposal 
To relate the essential technologies developed to concrete solar heat utilization 
systems in the future, it will be necessary to utilize the research results, develop 
fields for practical experiments that merge the various technologies, experiment 
continuously, accumulate data, combine results and obtain a grasp of user needs
through soft research. Also, by widely disseminating the test facilities (systems) and 
test data, it will be possible to familiarize the citizens to become much more with 
solar heat utilization systems, increase trust and clarify directions for research and 
development in the next stage.
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Future Tasks
In future solar heat utilization system research and development, it will be 
necessary to place stress on research and development geared to practical 
application. Themes for the future can be classified into three sectors: (1) 
Development of technologies for the utilization of solar heat; (2) Solar heat 
utilization system simulation software; (3) Fields for solar heat utilization testing.

(1) Development of technologies for the utilization of solar heat 
From the long term viewpoint, it is necessary to promote technological 
developments to reduce initial costs. The present high initial cost is the biggest 
impediment to the practical application of solar heat utilization systems.
Even in the user questionnaire, many people expressed the opinion that solar heat 
utilization systems are easy on the environment and running costs are low, but that 
they cannot be used because the initial cost is too high. It is necessary to perform 
leading edge research and development regardless of the cost but, to diffuse these 
solar heat utilization systems, it is important to also perform practical research and 
development at low cost.
In Japan, solar energy is considered to be a form of natural energy present in all 
areas but, in Germany and England, solar energy is a resource bestowed by 
nature, a passive form of energy that cannot be controlled by human acts. 
Consequently, it is not thought to be a good energy source that can be utilized 
actively by introducing advanced technology.
As the development of solar energy advances in the future in Japan, it will be 
considered a passive form of energy. Also, in consideration of local lifestyles in 
Japan, it is considered important to promote a unique development plan that is 
suitable for the solar conditions in Japan when reviewing previously developed 
technological items and when introducing new technologies.

(2) Solar heat utilization system simulation software
Due to recent advances in computer related technologies, it is now possible to 
combine solar heat utilization systems, match the system and building, and even 
perform substantiation experiments, by means of simulation on a computer. This 
should help reduce development and installation costs.
In the United States, such research is underway at such places as Lawrence 
Berkeley Research Laboratory and Florida Solar Energy Research Laboratory. 
Simulation programs such as WINDOW4, which simulates the amount of heat that 
enters and leaves through a window, and PowerDOE, which makes it possible to 
reflect energy efficiency and economy in designs, are being developed. In 
England, the software National Home Energy Rating was developed and is being 
evaluated for use by the New Town Development Committee in evaluating energy 
conservation. Simulation software for the purpose of determining energy 
conservation and comfort is also being developed by Franhoffer in Germany. 
Research and development of such simulation software related to solar heat 
utilization systems, however, is practically unheard of in Japan. The reasons are
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that until now stress has been placed on essential technology research and 
development, and because there is a lack of basic data because continuous field 
tests were not carried out. This is a new field that should be researched in the 
future.
(3) Solar heat utilization experiment fields
Various field tests were performed in the projects of the Sunshine Plan started in 
Japan in 1974, but most of these field tests lasted only 1 ~ 2 years, and even the 
longer tests ended after several years. Since then almost none of the facilities 
have been operated, and many have been destroyed.
In comparison, large scale, organized field tests have continued for many years in 
Europe.
In Japan as well, it is important to perform continuous large scale field tests related 
to solar heat utilization systems suitable for solar conditions in Japan in order to 
make the systems more practical and convert them into products.
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IDE 2—1—1 '> S zl U—y a >V7

Simulation
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photorealistic
I pictures j

| lighting situation
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, variation of \ 
buildings, plants,

I control strategies ,

variation of 
daylighting systems,; 
- control strategies ;

ENERGY SAVING 
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2 . 2 Freiburg Wirtschaft und Touristik Energy Systems GmbH 
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2 . 3 Department of Trade and Industry 
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[HE2-3 -1

-----► EPRC
(Engeneering Physical 
Research Council)

—► ARC 
(Agricultural Research 

council)

—^NERC 
(Natural Enviroment 
Research Council)

—► BRC 
(Biological Research 

Council)

(Research Council)

(Department of Environment) (Ministry of Agriculture & Fish)

ETSU
(Engineering Technology 

Support Unit)
(Private Sector)

British Gas 
Oil Company 

Nucler Industry
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2-3-2

Market enablement via NFFO and / or RDD& D :

• Passive Solar Design
• Agricultural and Forestry Wastes
• Municipal and Industrial Wastes
• Advanced Conversion Technologies
• Hydro Power (small, new)
• Landfill Gas
• Wind Power (on-shore)
• Energy Crops

Assessment, RDD & D :

• Photovoltaics
• Photoconversion
• Advanced Fuel Cells
• Active Solar

Watching Brief:

• Wave Energy
• Geothermal Hot Dry Rock (HDR)
• Geothermal Aquifers
• Wind Power (off-shore)
• Tidal Power
• Hydro Power (large, new)
• Ocean Thermal Energy Conversion
• Thermal Solar and other technologies not listed
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Staring solar energy in salt
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Solar thermal power today and tomorrow
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Table 1
Characteristics of Solar Thermal Systems

Solar Operating Annual
Type of concentration temperature efficiency
system (suns) ' 0 (percent)

Trough electric 80 350 10 to 14
Power tower 800 560 15 to 20
Dish engine 3000 800 24 to 28

Table 2
The Solar Electric Generating System Plants

Capacity Operating Solar field Annual outpu
SEGS Startup megawatt temperature size (square (gigawatt-
plant year net 0 C) meters] hours)

1985 14 307 82.960 30
II 1986 30 315 165.376 80
III 1987 30 349 230,300 92
IV 1987 30 349 230,300 92
V 1988 30 349 250,560 94
VI 1988 30 390 188,000 90
VII 1989 30 390 194.280 92
VIII 1990 80 390 464,340 250
IX 1991 80 390 483,360 260

gure 1. Generic schematic drawing of (aj trough, fbj central receiver, and (c) dish systems.
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