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Ladies and Gentlemen:

On behalf of the Organizing Committee, I would like to declare the opening of
the 7th International Photovoltaic Science and Engineering Conference
(PVSEC-7), here in Nagoya.

Welcome to this conference.

I can say with great confidence that clean Electric Power Generation by
Photovoltaic Technology contributes both to developing countries as well as
industrialized countries. It contributes to electrifying remote villages, planting
trees in deserts by water pumping, enhancing the educational level and preventing
the population explosion by providing more lighting, as well as controling
emissions of gas and making up for Peak Power Cuts. It makes a great
contribution to preserving the global environment, along with developing new

energy.

In order to realize these goals, we need to expand applicational use of P-V
technology in the area of Terestial and Space Technology, as well as establishing
Basic Material Science, Process Technology and Device Technology which can
produce high-efficiency, low-cost solar cells. It is also extremely important to

develop marginal equipment, such as inverters or module supporters .

Government involvement has a great role to play in developing Basic Material
Science and Device Technology, in order to facilitate the applicational use of

photovoltaic technology. It is also necessary that not only professionals but also



the general public should understand this new technology and get involved with

facilitation of applicational use.

From this viewpoint, an exhibition-style approach has a significant meaning.
An exhibition provides the public with an opportunity to see photovoltaic
technology and get interested in it. This time, the Solar Energy Exhibision is
being held at the Event Hall of the Conference Cite, sponsored by the newspaper,
Chunichi Shimbun. This is a big exhibition which has many great displays at the
huge 2,700 square meters floor. It is a great pleasure for us, the Organizing
Committee of PVSEC-7 to hold such a big event.

We expect to break out of the viscious cycle of low production and high costs
by getting positive feedback from the public to such events as our Solor Energy
Exhibition. When the public gets familiar with photovoltaic technology and solar
cell panels are mass-produced, research and development of this technology will
be encouraged, and it will lead to producing higher-efficiency, lower-costing solar

cells, and finally, it will result in the further expansion of photovoltaics.

Therefore, MITI's " New Sunshine Project”, that is planning to provide
two-thirds of the installment costs for 1,000 solar homes, is siginificantly

attractive.
I think we all have a responsibility to maintain THIS, the one Earth we all share
forever , through the development of photovoltaic technology and facilitation of its

use.

I am confident that this 7th International Photovoltaic Science and Engineering

Conference will have a great role to play from this viewpoint.
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Finally, I do hope that our distinguished participants will have an opportunity

for fruitful discussion and communication at this conference.

Thank you very much.

Government Project
* New Sunshine Project (MITT)

*+ Material Sci i
a Science Promotion Higher-efficiency
. solar cell

Further photovoltaic
technology development

Buying Photovoltaic
system

Mass production
of solar cell panel

Cost reduction of
photovoltaic system

Government Support

: '%' X 1000 Roof PV system

- ODA

Interest in photovoltaic
technology among public

Exhibition

KBEXFEEE KO BB (Good Cycle)



Towards A Virtually Spin Cycle for PV Development
Chihiro Watanabe

Deputy Director-General for Technology Development
Agency of Industrial Science & Technology. MITI
Kasumigaseki. Chiyoda-ku, Tokyo, 100 Japan

The global environmental consequences of CO2 discharge resulting from energy use are
causing mounting concern regarding the sustainability of our development future. Japan
successfully overcame two energy crises in the 1970s despite the fragile nature of its energy
structure and was able to maintain economic growth resulting in a dramatic improvement in its
industrial technology as a whole. Noteworthy is that such efforts were successful because they
included such means as substituting an unconstrained production factor (technology) for a
constrained production factor (energy) in a manner similar to an ecosystem.

Given the two-sided nature of CO? discharge and energy consumption, the experience of
Japan can provide informative suggestion to current world wide concern regarding global warming
due to CO2 discharge. However, Japan may now face the prospect of energy and environmental
constraints again following the fall of international oil prices and the succeeding "bubble
economy".

In this regard, MIT] established the New Sunshine Program (R&D program on Energy and
Environmental Technologies) by integrating related R&D programs. PV power generation system
is one of the priority project in the Program for which construction of a virtually spin cycle
triggered by acceleration of R&D is expected.

This paper reviews this approach in a global context.

1. Introduction

The Japanese economy, despite many handicaps, achieved sustainable development in the
face of various constraints by focusing efforts on improving the productivity of the relatively scarce
resources of the respective era [2]. Scarce resources were chiefly capital stock in the 1960s,
followed by the supply of labor, environmental capacity constraints and then the supply of energy
after the first energy crises in 1973 [2]. The driving force behind this achievement was the
development of manufacturing industry. and the rapid enhancement of productivity levels was most
typically observed in overcoming constraints in the supply of energy by means of technological
development. Noteworthy is that this enhancement was successful because of such means as
substituting an unlimited resource (technology) for a limited resource (energy) [9], and constructing
a virtually spin cycle between technology and production [8].
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This success provides the suggestion 1o the question of how 10 speed PV technology to
practical use in support of overcoming energy and environmental constraints while maintaining
sustainable development.

In this paper I first introduce a brief review of Japan's technological development path over
the last two decades - a path which aimed to overcome the energy crises by substituting an
unlimited production factor (technology) for a limited production factor (energy), and construct a
virtually spin cycle between technology and production, thereby resulting in a dramatic
improvement in the nation's technology as a whole. Second, I introduce a concept of MITI's New
Sunshine program (R&D program on Energy and Environmental Technology) which was
established in April 1993 in response to the current fear concerning energy and environmental
constraints, Third, a brief assessment of Japan's challenge of PV technology and its prospect in the
New Sunshine Program are introduced.

2. Suitainable Development Despite Energy Constraints : Japan's Path

The Japanese economy, despite great handicaps has achieved remarkable growth since the
end of the World War Il and now produces 15% of world GNP. A great contribution to such
remarkable growth was made by technological developments which, as analyzed by OECD.
outpaced other advances countries [7].

It is my contention that this can be attributed to the fact that the mechanisms for
technological innovation in Japan have functioned well [8]. I believe that this can be attributed to a
cyclical interaction amongst internal technology, technological innovation, and external technology
[1] (Fig.1). This chain can be outlined as follows: Input of R&D resources —» output of
technological innovation —> improvement in external technology — further increase in input of
R&D resources.

The fragile nature of Japan's energy structure was and still is the Achilles' heel of its
economy and, facing the energy crisis in 1973, overcoming dramatically increased energy
constraints was the most crucial improvement in external technology. This lead to the development
of MITI's Sunshine Project (R&D on New Energy Technology) in 1974 which initiated an
approach to substitution of technology driven clean energy for limited energy sources, chiefly oil.
Further substitution efforts should be made not only in the energy supply field but also in the field
of energy consumption. Improvement in energy efficiency by means of technological innovation
would contribute to less dependency on energy, and this process is simply the substitution of
technology for energy. In line with this policy consideration, the Moonlight Project (R&D on
Energy Conservation Technology) was initiated in 1978 [5].

Both the Sunshine and the Moonlight Projects stimulated technology substitution for energy
in industry, and this substitution induced the foregoing virtually spin cycle between technology and
production in a manner similar to and ecosystem (Fig.2)[6].
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3. MITI's New Comprehensive Approach: The New Sunshine Program
3.1 Objective

Increasing constraints of energy and the environment, especially the global environmental
consequences of energy use. are causing mounting concern around the world, and it is widely
warned that such constraints may be "limits to sustain our development future”. Japan, despite its
success in overcoming energy and environmental constraints in the 1970s and 1980s, may now face
the prospect of energy and environmental constraints again following the fall of international oil
prices and the succeeding "bubble economy".

In order to respond to the above necessity, given the two-sided nature of the global
environmental issue and energy consumption. a comprehensive approach based on R&D programs
on new energy technology, energy conservation technology and global environment technology can
lead a way 1o sustainable development by overcoming both energy and environment constraints
simultaneously [3].

In this regard, MITI decided to establish the New Sunshine Program (R&D Program on
Energy and Environment Technologies) in April 1993 by integrating the Sunshine Project, the
Moonlight project and the Global Environmental Technology Program (Fig.3)[4]. Through the
integration of these R&D activities, effective and accelerated achievement of R&D in the fields of
energy and environment technologies is expected by means of co-utilization and supplementation
of such key technologies as catalysts. hydrogen, high-temperature materials and sensors common to
new energy , energy conservation and environmental protection. In addition, the New Sunshine
Program is expected to provide a new concept for an environmentally friendly technology system
and inspire a new principle to be pursued under global environmental constraints.

3.2 Structure of The New Sunshine Program
The New Sunshine Program comprised the following three R&D programs in the field of
energy and environmental technologies:

(i) The Innovative R&D Program, which aims at acceleration of R&D on innovative
technology essential for the achievement of the goal of "The Action Program to Arrest
Global Warming" -- Stabilize per capita CO2 emissions at 1990 levels by the year 2000.

(ii) The International Collaboration Program for Large-Scale R&D Projects , Which aims at
initiating large international R&D projects expected to make a significant contribution to the
achievement of the goal of "New Earth 21" -- restore the earth over future decades through
the reduction of greenhouse gases.

(iii) The Cooperative R&D Program on Appropriate Technologies, which aims at development
and assimilation of appropriate technologies in neighboring developing countries through
cooperative R&D on technologies originating from The Sunshine Project and The
Moonlight Project.
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3.3 Development Program
Priority projects in The New Sunshine Program can be classified into two basic types:

(i)  Acceleration projects, which are expected to lead to practical use in the near future by means
of a virtually spin cycle (decrease in cost by technological improvement —» increase in
demand —> future decrease in cost through mass-production triggered by an acceleration of
R&D.

Examples : photovoltaic power generation and fuel cell power generation

(ii) Innovative synthetic system projects, which are expected to achieve an extremely high-level
of breakthrough by means of the synthesis of key technologies.

Examples: a bread area energy utilization network system and an international clean energy
network using hydrogen conversion (WE-NET project)

4. Challenge to a Virtually Spin Cycle for PV Development

The Sunshine Project, which was initiated in 1974, aimed to develop technology driven
clean energy including R&D on solar energy. However, its initial priority regarding solar energy
R&D was solar thermal energy rather than R&D on PV. It was since 1980 when MITI focused
R&D on PV in its Sunshine Project, stimulated by progress of semi-conductor technologies and of
amorphous PV technology. Fig.4 illustrates trends in budged for PV R&D initiated by the Sunshine
Project and also R&D expenditure for PV R&D initiated by industry induced by the Sunshine
Project. Such efforts resulted in a dramatic increase in technology stock of PV R&D and concurring
increase in solar sell production, and decrease in production cost as illustrated in Fig.5. Solar cell
production cost in 1974, a year of the start of the Sunshine Project, was 20000 yen/w, decreased to
5000 yen/w in 1980, 2000 yen/w in 1983, 1200 ven/w in 1985, and 650 yen/w in 1990 at current
prices respectively. These steady decreases were atiributed to increase in technology stock of PV
R&D and subsequent increase in solar cell production. They were outcomes of industry's intensive
efforts on PV R&D which were stimulated and induced by MITI's Sunshine Projects as analyzed in
Fig.6. An analysis regarding contributing factors to decrease in solar cell production cost in Japan
during the period 1985 to 1990, the cost was decreased from 1200 yen/w to 650 yen/w in that
period, suggests that more than 70 % of decrease was due to increase in technology stock of PV
R&D (Table 1), and such a decrease in cost induced further increase in solar cell production. This
demonstrates signal of virtually spin cycle as can be observed in Fig.6.

Encouraged by such progress and inspired by significant contribution of PV as prospecting
technology driven clean energy, MITI decided to put construction of virtually spin cycle of PV
development priority efforts in the New Sunshine Program as illustrated in Fig.7 and started to
accelerate PV R&D from 1993 and increase incentives for practical use of PV system [4].

Japan's success in its cyclical interaction amongst internal technology, technological
innovation and external technology as was reviewed in section 2 was another encouragement for
MITI to decide such new policies for PV development.
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5. Conclusion
-The basic Principle of PV Development in a Global Context

Increasing constraints of energy and the environment, especially the global environmental
consequences of energy use, are causing mounting concern around the world, and it is widely
warned that such constraints may be "limits to sustain our development future”.

Considering the two-sided nature of the global environmental issue and energy
consumption, advantages of PV as a prospecting technology driven clean energy source should be
widely recognized and its development should be forwarded to a new stage in a global context.

The basic principle for such development can be summarized as follows:

First of all, we should remind of "Recognition of Commitments from the Future- The day
after tomorrow for tomorrow".

Second, in order to construct a virtually spin cycle between R&D and practical use of PV
system the following five points are essential:

(1) Parallel Efforts of R&D and Development of Practical Use Similar to the Wheels of a

Vehicle

(2) Challenging Ambitious Targets

(3) Comprehensive Approach among Intersectors

(4) Harmony between Competition and Cooperation

(5) System Approach in a Global Context

Table 1 Contribution Factors to Decrease in Solar Cell Production Cost
in Japan (1985 - 1990)

Average decrease rate |By
in solar cell production |technology stock solar cell | energy prices others
cost (% per annum) |of PV R&D production

-11.3 -8.4 -3.7 0.5 0.3

a Magnitude of contribution is measured by the following equation :

ASCC =-0.24ATPV - 0.27ASCP - 0.54APe + 7

where Pe : energy prices.
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