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Mr. Chairman, honored guests, Ladies and Gentlemen:

I bring you greetings from the Organizing Committee and welcome you all to this Conference. This
is the 3rd International Photovoltaic Science and Engineering Conference sponsored by The Japan So-
ciety of Applied Physics, The Institute of Electrical Engineers of Japan and Foundation for Advance-
ment of International Science.

As you all well know, solar energy is an infinite yet vital asset bestowed upon us through the grace
of God. Notwithstanding, use of this common and plentiful resource has until now been restricted to
that of a natural, unprocessed form. More recently, however, depleting traditional energy sources have
forced attention on the processing of solar energy, spurring a growing movement backed by hopes of
making efficient use of this blessing and, in doing so, bequeathing a legacy of bountiful supplies for
future generations.

For well over a decade, a variety of attempts have been made to arrive at the best possible use of
solar energy, the consensus now being that processing it as photovoltaic energy offers the best method
of utilizing sunshine. Accordingly, efforts are being made to determine the most efficient and economic
way of processing photovoltaic energy. In consideration of this background, this international confer-
ence will seek to map out a direction for this search.

This is only our 3¢d conference, whereas there have been nineteen IEEE Photovoltaic Specialist Con-
ferences and seven European Photovoltaic Solar Energy Conferences. I believe it is this very youthful-
ness, much as in our own youth, that allows us the room to exchange frank and honest opinions. In
this sense, I am looking forward to opening presentations of research results as well as stimulating de-
bates that can and surely will pave the way to some clues toward solving the pressing problems we now face.

With a great deal of the enthusiastic response to the call for papers, altogether more than 210 ab-
stracts were received from 22 countries. However, because of time and other limitations, the program
committee had to select 165 papers: 94 for oral presentations, 71 for poster sessions and 18 late news.
In addition, 25 invited review papers by the experts in the fields were complied.

My greatest hope is that a solution will one day be found to restore our planet to its once glorious
health—to fresh air and lush greenery—so that later generations may enjoy it in all its splendor. I be-

lieve we owe it to ourselves to exchange our ideas at the forthcoming conference with candor and sincerity.



I would like to express my deepest appreciation for the cooperation given by the member of the in-
ternational advisory committee, the sponsoring and cosponsoring societies, the organizing committee
and the many others who proffered their invaluable assistance in organizing the conference. We also
much indebted for the financial support from industries and some related foundations as well as Japa-
nese Government, and for all of you who either directly or indirectly cooperated in bringing this inter-
national conference here, Without these kind cooperations we could not arrange this conference.

In conclusion, we all hope that this 3rd International Photovoltaic Science and Engineering Confer-
ence will be fruitful for all participants, and for the future of our association. Our best wishes for a

successful conference,

Thank you very much.
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It is a real pleasure and a privilege for me to participate in the opening session of the 3rd Internation-
al Photovoltaic Science and Engineering Conference and to address the distinguished audience as Presi-
dent of the Japan Society of Applied Physics, which is one of the cosponsoring organizations to this
conference.

The Photovoltaic effect is undoubtedly a key phenomena, which can be utilized for the conversion
of solar energy to electricity in space and terrestial systems and is expected to provide a powerful way
to more efficient utilization of solar energy in our society.

Because of the importance, presentation and exchange of ideas, experience and achievement in this
field in open forum are really needed now.

Professor Kiyoshi Takahashi and his conference committee members have done an excellent job to
meet this request by organizing the conference timely in Tokyo.

I am delighted in having with us so many colleagues from all over the world.

I learned from the program that this conference is three and a half day long and has tough schedules,
and it covers a wide range of science and engineering of photovoltaic effect, including material technol-
ogies of amorphous and crystalline silicon and other advanced materials and also various solar cell ap-
plications.

Furthermore I found national projects in various countries will be reported and discussed among
participants.

I do hope that the conference will be exciting and fruitful.

The task of organizing such informative conference is not an casy one. I recognize that this confer-
ence would not have been so successful without the help of people, who have worked so hard but re-
mained unsung heroes. Surely they deserve a great deal of credit.

Of course my sincere thanks must go to all of you, especially who have travelled great distances and
taken valuable time from busy schedules to contribute to the conference.

Once again I wish you a valuable conference and also a pleasant stay in Japan, both personal and

professional.
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Robert H. Annan

THE CERTAINTY OF PHOTOVOLTAICS

It is a great honor and privilege for me to address this meeting of senior scientists from around the
world gathered to share the results of photovoltaic rescarch. 1 extend my personal greetings to energy
leaders and distingunished colleagues Dr. Takahashi and Dr. Sugano and to my friends Dr. Hamakawa
and Dr. Kuwano.

At the 1984 Kobe conference, we talked about technology maturity as a process that requires think-
ing and performing in a logical evolution from small devices and specialized uses to power modules
and electric utility applications. We discussed the need for building confidence through education and
conchuded that it is too early to make decisions about the ideal photovoltaic option. As a community,
we envisioned parallel development of crystalline, polycrystalline and amorphous thin-film technologies.
To bring this effort about, we advocated a stronger relationship between government, industry, and
universities.

The word CERTAINTY shouid come to mind as you listen to and debate the progress being report-
ed during the next few days. First, it is with confidence that we hear that technology limits have been
expanded. What we thought were practical efficiency limits of 25% have now expanded to 30%. As
a result of our parallel development paths, we have seen the viability of each technology option en-
hanced. Crystalline silicon is now a clear high-efficiency option. So are compound semiconductor materials,
particularly for concentrator applications. The learning curve in thin-film research has developed confi-
dence in low-cost forgiving deposition processes. Direct costs of production at $1 per peak watt are
being demonstrated. The details of these and other advances will unfold during the next four days.

Secondly, there is clearly greater sureness about photovoltaic systems and their operation. Based on
relatively long-term system monitoring of both large and smal! systems constructed in the early 1980s,
even these early fielded photovoltaic systems have proven to be very reliable. The failure rates for pho-
tovoltaic modules average only about 1/2 of 1% per year, and this is dropping even further as field
data on newer generation modules become available. Even more exciting is the fact that operation and
maintenance costs are 0.5 cents per kilowatt hour, the best of all energy supply options including nuclear.

Finally, the opening up of energy markets is inescapable. In the high-value markets of remote light-



ing, security, and communications, PV is the technology of choice. To this we can add remote health
clinics, water pumping, and replacement of diesel generators up to 6 kW in size. Remote power will
remain the largest market until 1990. At that time we should begin to see photovoltaic systems becom-
ing competitive in the vast grid-connected market in which electricity is priced at 12¢ per kilowatt hour.

Having photovoltaics as a viable energy supply option addresses what is being recognized as an in-
herent uncertainty in both industrialized and developing economies — the unpredictability of an energy
marketplace dominated by oil. It should be clear by now that no country has the ability to predict or
control energy prices. Forecasting new demand is still an imprecise art. The timing of new construction,
extent of environmental impacts, and future of government support mechanisms all are shrouded in
uncertainty and skepticism.

Because of its growing certainty, particularly with regard to its technical flexibility, short planning
and construction cycie, non-polluting nature, and its ability to serve both centralized and decentralized
applications, photovoltaics offers nations greater control over their energy future as never before.

Our technology offers an opportunity to redefine the way countries think about energy and its role
as an engine of growth. It is a technological solution that meshes well with a cost-effective, market-
driven economic system. Photovoltaics ranks high as we develop an energy mix for our children that

has depth and variety for many — not an energy cartel for a few,

What, then, is our course of action for the next three years?

First, we must maintain and even accelerate our broad research program across all technology op-
tions. Included in this work is a renewed emphasis on the fundamentals of crystalline technology. We
need an effective understanding of the properties of ordered materials to guide our work involving dis-
ordered materials. We seek order from disorder. A challenge I would leave with you is to establish such
a international collaborative effort.

Second, we seek innovative solutions to the economics of thin-film production processes. Through-
put, vield, and the cost of capital equipment are critical barriers. A solution may be one that integrates
all key manufacturing steps into one automated large-scale operation.

Third, we all know that price is a critical market barrier. We have seen the world market interest
pick up when the $5/Wp cost barrier was broken. However, energy is now more cost competitive than
ever before and the range of energy options greater. We should not count on dramatic price INCREASES
of fossil fuels as part of our own business plan. It is our own price reduction efforts that will open

up ever-expanding markets.



But there is an even more immediate problem. If today’s market for cost-effective PV is 10-20 times
larger than actually exists in terms of today’s sales, and we believe it is, then two factors need to be
given more attention. The first is financing. We know that small purchases of low-dollar items do not
interest and therefore do not attract the world’s financial community, Packaging PV for investment,
s0 as to eliminate risks and at the same time stimulate sales, should be a top priority. So should aware-
ness. These two factors are the key challenges of the U.S. photovoltaic community and the U.S.
Government-sponsored Committee on Renewable Energy Commerce and Trade, called CORECT. It
must also be the challenge of the international community, We must stop talking largely among our-
selves and instead tafk to and educate the health, village development, irrigation, water supply, techni-
cal, and investment communities. Even our own energy officials are not sufficiently aware of the technical
and economic advances of photovoltaics. They must also be brought into this education process.

Finally, as you conduct your business over the next four days and indeed over the next three years
you should beware of those who would provoke. Keep in mind that this technology has outlasted every
technology quick fix proposed in the last ten years. This is a technology that refuses not to make progress.

Thank you to the entire PVSEC steering committee for its hard work in hosting this important con-

ference and thank you to each of you for your interest and commitment.
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