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N6
FOREWORD

Electricity gives us a strong support to maintain the quality of our life. Many technologies
have been developed on the basis of the presence of etectric power.  Therefore, the supply of
the elecmcuy is one of key issues to develop a soczoty taking advamage of the appllcatlon of
the recent technology Bemg consistent with emnronmental preservatlon has become an
absolute condition for such development in recent years, and sotar power generation has
become an eﬂ‘eclwe means of satisfying this condition. Solar power generation is ideal for
satisfying small demand spread out over remote area and island nations, and is a means of
promoting local economies consistent with environmental protection.  There is consequently
an urgent need 1o train quahﬁed personnel in related ﬁetds in order to promote sustainable
development that takes the environment into consxderatlon

The lectures of this course offer participants a baSlC knowledge of solar power generation
and its application system. They have been prepared for participarits like yourselves who are
involved in projects in t!_le area of solar poWer generation and its applicaticn system and also for
those of you who may give instruction on this subject in your communities.  Solar power
generation is, silnplj; stated, the con{fetsiori of the sunlight energy to electricity using
semiconductor devices. Some of the lectures are to help you to understand the energy
conversion process itself together with processes to handle the obtained electricity. Since the
solar power generation has specific charaote_rs 'dist'inguishing it from othef methods of electric
power generation, each of you may find a specific application which fits your own community.
This is one of the reasons why we prepared lectures covering rather wide engineering fields
including environmental eogineering On the basis of the knowledge you obtain through these
lectures, you may want to begm dlSCuSSmg possible applications of sclar power generation
among yourselves and withus. We intend to enhance communication and collaboration
amang engineers in different fields and in different communities. Thus , we expect to develop
new apphcauons of solar power generanon taking advantage of the collaboratton between your
commumtles and us. : .

This text is composed of ten chapters The first five chapte_rs are for rather ﬁ.lndameoial
knowledge of physics and chermstry related to the subject. The next two chapters are related
to electric circuits and instruments.  The chapters 8 and 9 are for the design of a system from
the point of view of planning of architecture and environment. The last chapter is to show the
subjects of the individual training in this course.

We would like to express our sincere thank to Osaka City University Foundation for his
eﬂ”oﬂs to start and maintain the course.  For the same reason, we also acknowledge to Osaka
City Government and the Osaka International Center of Japan International Cooperation |
- Agency (JICA). This project would not run without the collaboration of Sanyo Electric Co.
Ltd. We are highly grateful to his collaboration. The final thanks are to Prof. Kenichiro



Yamamoto, President of Osaka City University and Mr. Tsuneo Kawamura, Secretary General
of Osaka City University and members of the teaching stafls, administration office and students
of Osaka City University. Their understanding of this course and warm heart were esseatial to
have successfu! results and continuation of this course since the slart of the first year in 1995.

Yuzo Mori
Susumu Tago
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An Approach to Solar Power Generation
and its Application System

Yuzo Mori
Faculty of Engineering .
Osaka City University

Abstract

In this talk, T would hke to give you a rough sketch of the JICA
(Japan International Cooperation Agency) training course “Solar
Power Generation and its Apphcatlon System” together with a
sketeh of Osaka City Univer sity, a training institution, and Osaka.
In the talk, I will mention the research projects and their recent
results selecting a few topics from the research programs which
are now under way in the university. I hope this talk can
contribute to enhance your understanding of the course as well as
a present status of solar energy engineering.

1. Intreduction :

The solar power generation and 1ts apphcatlon is still
developing technique even in Japan as well as other developed
countries. This is very characteristic feature of this course
among many group training courses offered by JICA.

2. The aim of the course 5

The aim of this course is to provlde engmeers Erom developmg
countries and countries attempting environment-friendly
development with a general understanding of the theory and _
practice of solar power generation through lectures, practices and
field study, so that solar energy can be utilized in their countries.

2. Our role

3. Contents of the course _
The course includes lectures on basic engineering and apphed

.techn_ology. The latter part includes practice and provided by

~ Sanyo Electric Co., Ltd., one of top companies of the related



engineering. ‘The course also includes Individual training for
specialized subjects.

4 Osaka Clty Univer sity

' Osaka City Umvel sity (OCU) is the lar gest municipal
university in Japan, and it comprised of the eight Faculties and
the eight Graduate Schools of Business, Kconomics, Law,
Literature, Science, Fngineering, Medicine and Human life
Science, and the three Institutes for Economic Research, Health
Science and Physical Education, and Dowa Mondai.

The Origin of the university dates from the foundation, in 1880,
of Osaka Commercial Training Institute, a major center of
commercial and industrial studies in Osaka. The institute
developed from Osaka City Commercial School and Osaka City
Commercial College into Osaka University of Commerce in 1928.

At the founding this first municipal university in Japan, Dr.
Hajime Seki, the Mayor of Osaka City at that time, proclaimed a
clear vision of its organization and task: the new university should
not simply be an institute for professional training, but a place for
in-depth research. Further, he believed that the results of such
research should be closely integrated with the lives and unique
heritage of the citizenry of Osaka. In this way the university
would be clearly distinguished from other national universities.
Dr. Seki also declared that the purpose and sprit of foundmg the
umversnty would be fulfilted when the university accomplishes the
hlghest level of creative studies and, ultimately, guides the
cultural, economic and social lives of Osaka City.

" Under the post-war Education Reform, OCU was founded in
1949 when Osaka City Technical College, Osaka City Women's
 College, and the Institute for Economic Research of Osaka City
joined with Osaka University of Commerce. - Since then the
University has been growing with the incorporation of the Osaka
City Medical School, and the foundation of the graduate schools.

Osaka is the oldest city in Japan, an international city which
developed through trade and exchange with foreign countries.
Since Edo era (1603 - 1867), Osaka has been the hub of Japan and
has played a central role in its economic activities. Even today,



Osaka is the greatest distribution center in Japan, a base where
people, goods, and information congregate from all over the world.
The University has made distinguished contributions of
academic excellence and will continue to do so by undergoing
déevelopment according to the Mater Plan of OCU drawn up in
conjunction with the Comprehensive Plan of Osaka City for the
21st Century. (taken from Osaka City University 1995-1996)

5. A few examples of research projects in our faculty

a. Carotenoid solids -the reason to study the solids and the
present results. Carotenoids are important pigments in
biological systems, A typical example is carotenoids in
photosynthetic system, namely solar cell in nature. In
photosynthetic systems, carotencids act as hght-harvesting
molecules and provide photprotection of the plant.

6. Osaka City

7. Summary



ANNUAL BUDGET

Expenditures (1994 Fiscal Year)

University Univers;ly Hospital
\g&? “"M(hlpiqn‘, Ve j,jgﬁéx”ﬁ chdias ﬁ,' ;Amoug!é( AIIW & 5‘3;
Personnet 14,895 Personnel 9,257
Non-personnel 24,821 Non-personnel 28,256
Total 19,716 Tolal 37,513
1u:t:on and leas , Hospital Charges 4,745
National Government 385 Medical fees 917
Subsidies Medicine 5,434
Conations 140 Treatmant after 7.08%
Misceltaneous 208 operation
City Bonds 4,864 National Government 197
Total 8,945 Subsidies
. CoTTTTTTTTTT Transfer from 18.643
curcent account
Miscellaneous 488
Tolal 37,513
Tmtlon I‘ees
»@,} R
“écmﬂ; e (e
Degree Student {Day) IS,DOO 320,000 411,600
Under- Degres Student {Night) 8.300 160,000 205,800
graduate Non-Cegree Student (1) 8,000 32,000 11,500
Non-Degree Student 2 8,600 56,000 22,900
Degree Student 26,000 320,000 411,600
Graduate Non- Degree Student ({1} 8,600 32,000 11,500(for credit)
Non Degree Sludent 2} 8,600 96,000 22,900{for month)

Suglmoto Campus

219, 0

(June 1. 1994)

Others

Abeno Campus : 33,500 108,683

Otier Academic Extention Center B 420

: Botanical Garden 255,500 3.607
Cosmic Ray Institute 2.465 123
Hakuba Seminar Housa 6.074

12,498
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COURSE QUTLINE

Duration: From September 15, 1997 to December 14, 1997
Number of Participants: 5

Training Needs . o 1 .
Development of a sound social infrastructure, and particularly electric power
development, is indispensable for cconomic development in developing countries.
Being consistent with environmental preservation has become an absolute condition
for such development in recent years, and solar power generation has become an
effective means of satisfying this condition. Solar power generation is ideal for
satisfying small demand spread out over remote areas and island nations, and is a
means of promoting local economies consistent with environmental protection. Theve
is consequently an urgent need to train qualified persennel in related fields in order
to promote sustainable development that takes the environment into consideration.

Solar power generation has less of an effect on the environment than
thermoelectric or nuclear power generation, and is a clean, renewable energy
resource that produces no harmful waste or emissions such as carbon dioxide.
Although it may be affected by weather and time, it requires no maintenance for
routine operation and does not require shipment of fuel, so can be produced on site
and is effective for remote locations. These advantages indicate that solar power
generation would be a source of electric power well suited to developing countries and
countries attempting to develop without disturbing the natural environment.

Practical application of solar power generation in these countries requires
technicians who have not merely knowledge of solar power generation technology, but
also adequate understanding of various points affecting application téchnology, such
as the purpose that power is used for (including related motors, inverters, etc.), local
natural conditions, and environmental considerations. Although solar power _
generation does not need maintenance for routine operation, it does require technical
support to maintain proper working order for an extended period of time. It will
consequently be necessary to educate and train engineers in order to make solar
power generation practical in developing countries. This course is designed as a
starting point for educating and training such engineers.

Purpose . T : R _

The aim of this course is to provide engineers from developing countries and
countries attempting environment-friendly development with a general =
understanding of the theory and practice of solar power generation through lectures,
practices and field study, so that solar energy can be utilized in their countries.
Participants will receive instruction in the technology necessary to store generated
power and convert it to energy, and the application technologies needed to utilize it in
line with residential and industrial demand while preserving the natural environment. -
The course will also teach the skills needed to carry out feasibility and suitability
studies in conmection with the introduction of solar energy generation in these
countries, as well as those required to import, set up and operate solar power =~ .
generation and application systems. It is thus hoped to contribute to improved living
standards and the stimulation of local industry in participants’ countries through the
introduction of sclar power generation.



Objective

By the end of the course, participants will have acquired:

(1) understanding of solar power generation systems {semiconductors, solar

: batteries, etc.),

(2 undelstandmg of structure and manufacturing method of solar batteries,

(3)  ability to evaluate oper atmg chavacteristics of solar batteries and maintenance
technology,

(4)  fundamental knowledge of related equipment including storage batteries,
inverters and other electronic equipment,

(5) knowledge of natural conditions affecting sunlight intensity and methods of
quantitative analysis,

(G) skills for evaluating energy consumption of users such as w}lages medical
facilities, airconditioning systems, communications facilities and storage
pumps, and

(7 environmental assessment skills,

Curriculum

Part I: Basic Engineering

(1)

(2)
(3)

(4)
(5)

(6)

Semiconductors: (i) semiconductors, impurities, electric conduction
(ii} p-njunction, photoetectromotive force, solar batteries
Photomaterials: light absorption, spectrum and efficacy
Batteries: theory and types of storage batteries, their charging and discharging
characteristies
Electronic equipment: electric motors data communication equipment, lighting
equipment, inverlers
Fundamental environmental technology
(i)  solar movement and solar bearings, amount of sunlight and energy
from light and heat, local elimate
(it} temperature and humldlty levels, draughts and ventllatlon indoor
thermal environment
Environmental planning and environmental systems
(i)  practical application of solar power generation
(i1) technology for systems employing heat-driven devices
(iii) planning practical application to living and working environments,
solar houses, etc.

Part II: Apphed Techno!ogy :

(1
(2)
(3)

4) -
)

®) |

Effectiveness, cost efficiency and future potentlal of solar batteries
Manufacturing process of solar batteries ‘ :
Design, manufactuce, testing and inspection of solar battery power sources

“Servicing and inspection of solar battery power source systems

Systems mcorporatmg electric motors, data commumcatmn equnpment
sensors and measuring instruments
Solar house systems and auxiliary systems

Part I11: Study Tours

(V)
(2)
63

Lighthouse
Power Station
Solar house or office

Part IV: Individual Tfaining for Specialized Subjécts

(1

Superheated steam drying system using solar-assisted absorption heat pump
and laser measuring system.



(2)

Chatacterization technigues in solar power generatlon

(3)  Solar cell-converter-motor-load system. ,
(4)  Conceptual design of battery system for solar power generation.
(5)  Practice on regional envivonment and architectural plan.
(6)  Practices on electronics including solar cells and their characterization.
(7} Photovoltaic effeets in semiconductors.
(8)  The relation between light and materials in view of energy conversion.
Tentative Schedule
Date Subject
Sep. 156 | Mon. | Arrival in Japan (Osaka)
16 | Tue. | Briefing (OSIC)
17 | Wed. 1
‘ J“Orientation (0OSIC)
19 | Fri.
22 | Mon. W ‘
' -Intensive Japanese Language Course (OSIC)
Oct. 3| Fri. | _ _ ‘
6 | Mon. { Opening Ceremony at Osaka City Universi'ty (OCU)
7| Tue. I 7 _ .
l -Technical Training (Basic Engineering, QCU)
20 | Mon. [ '
21 | Tue. |
l -Study Trip 1
25 | Sat. [
27 | Mon. . o 3 ‘ .
l -Technical Training (Applied Technology, SANYO Electric. Corp)
Nov, 14 | Fri. [ '
17 | Mon. 1
l | Study Trip 2
20 | Thu. |-
21 | Fri. _ -
R }!ndividua] Training for Specialized Subjects (OCU)
Dee. & | Fri ‘
8 | Mon. _
| }Report Writing
10 | Wed. |© - I
11 | Thu. | Evaluation Meeting at OCU
12 | Fri. General Evaluation Meeting and Closing Ceremony (OSIC)
. ii gz; ]—Departure from Japan

0S31C: Osaka International Centre
QCU: Osaka City University



Methodology
{1}  Instruction Method
The training will be conducted in the form of lectures, practices and
observations.
(2) Language o
The course is generally conducted in English, or through nterpretation
of Japanese into English if necessary.
(3)  Training Equipment
An overhead projector, a video tape-recorder for VHS and other
systems, a slide projector and 16 mm film projector are available during
lectures.

Training Institution A g

‘The course is organized by the Osaka International Centre (OSIC), which is
one of the thirteen training centres of JICA. OSIC entrusts the implementation of the
technicat training to the Osaka City University Foundation.
(1) Osaka International Centre (0SIC), JICA

25-1 Nishi-Toyokawa-cho, Ibaraki-shi, Osaka 567, Japan

Tel.: 81(¥)-726(**)-41-6900 '

Fax.: B1(*)-726(**)-41-6910

(*Y:  country code for Japan

{(**): area code for Ibaraki

(2)  The Osaka Ciiy University Foundation _
3-3-138 Sugimote, Sumiyoshi-ku, Osaka 558, JAPAN
Tel.: (06) 605-2080 -

Founded in'1965 with the aim of enhancing the cultural level of the Japanese
nation, the Osaka City University Foundation provides material and financial
support for scientific endeavours and for the expansion of educational and reseacch
facilities which are required for the further development of the university. Since its
inception in 1993, the foundation’s research department has heen involved in surveys
and research commissioned by outside institutions for the purpose of social pProgress.

(3)  The Faculty of Engineering, Osaka City University

3-3-138 Sugimoto, Sumiyoshi-ku, Osaka 558, JAPAN

Tel.: (06) 605-2650 . o

Osaka City University is the largest municipal university in Japan. Roated in
the civilian traditions of Osaka, the university boasts a rich history of over one
hundred years, and has supported education and research in the Osaka cultural and
economic sphere as a general studies municipal college. Cherishing independence and
liberty in the pursuit of both the fundamentals and the advanced technology which
rests on them, the Faculty of Engineering has always strived to fulfill a role of
technical leadership in local society.

Certificate . : S : _ : R o
Participants who have successfully completed the course will be awarded a
certificate by JICA. _



I1.  ORIENTATION PROGRAMME

Orientations addressing specific concerns of participants are genetally scheduled before
training begins. Several kinds of orientations, focusing on different issues, are given at
different times,

1. Pre-Departure Orientation
A pre-departure orientation is held at JICA overseas of‘ﬁces (01 Japanese
diplomatic missions) to provide the selected candidates with details of travel to
Japan, conditions of training and other matters, “INFORMATION” (this booklet),
“TRAINING IN JAPAN” and “GUIDE TO TRAINING IN JAPAN” are to be
previded,
{Refer to 1X PRE-DEPARTURE INSTRUCTIONS for related information. )

2. Arrival Oncntatlon
A briefing session is orgamzed the day after arrival in Japan at OSIC to cover
the following:
(i) Registra_tion _
(ii) Allowances & Expenses
{iii) Accommodation
{iv} Medical Services .. :
(v} Return Flight Arrangements
C(vi) A Guide to JICA”

3.  General Orientation for Introductwn to Japan Lo

Participants are scheduled to partlclpate ina3- day orientation programnie
offered by Osaka International Centre# in Osaka.

The main purpose of the introdiction programme “Japan Past and Present”
conducted by the Centre is to provide participants with general information on key
points regarding Japan and with the tools needed for adapting to life and training
in Japan. Basic information is provided about Japanese values, behaviour and
customs, as well as economic and social institutions. :

The contents of the programme are:

(i) Japanese Society and People

(i) Japanese History and Culture
{iit) Education in Japan

{iv) Japanese Economy

{v) Japanese Politics and Government
{(vi} Japanese Conversation

(vii) Bus Tour of the Kansai Area

# Osaka Internatmna! Centre (OSIC), JICA
25-1 Nishi-Toyockawa-cho, Ibaraki-shi, Osaka 567, Japan
Tel.: 81(*)-726(**)-41-6900 '
Fax.:81(*)-726(**)-41-6910

(*): country code for Japan

(**): area code for Ibaraki

4.  Course Orientation ‘
The course orientation is intended as a guide to assist participants in
achieving the target of the programme by providing course details and reaffirming
course objectives.



Itl,

Iv.

JAPANESE LANGUAGE COURSE

An intensive Japanese language course will be conducted prior to the technical
training for 2 weeks (45 hours).

A general Japanese language couvse is organized in the evening along with the
training programnte for those participants who are interested in learning the
language.

CONDITION OF APPLICATION

Qualification of Applicant

Applicants should:

(1)  be nominated by their government in accor dance with the procedures
mentioned in 2 below, '

(2)  have a bachelor’s’ dcg1 ce of science and/or engineering in a field related to th:s
course, or the equivalent,

(3} be between twenty-five (25) and forty five (45) years of age,

{4) havé two (2) years or more experience related to electricity,

{6)  have a sufficient command of spoken and written English,

(6}  be ingood health, both physically and mentally, to undergo the tr aining;
pregnancy is negarded as a disqualifying condition for participation in the
course, and

(7} notbe servmg in the military.

Procedure for Apphcatlon ' ‘

(1} Agovernment desiring to nominate apphcants for the course should ﬁll in and
forward five (5) copies of the Nomination Form (IForm A2A3) for each apphcant
to the JICA office (or the Embassy of Japan) by July 15, 1997.

" {2) ° The JICA office (or the Embassy ofJapan} will inform the applying

government whether or not the nominee's application has been accepted by
Auzust 15, 1997

Questmnnalre o : : ‘
Each applicant should fill in the questionnaire whxch is used for screening of

_applicants (format attached - see Annex I). After filling out the form, cut it off and

submit it together with the Nomination Form. Application not accompamed by a
completed questionnaire cannot be dulv considered. ‘

Country Report . '

Applicants should prepare a report of about. 8 to 10 pages on the present
situation of their own field of study and concern in their own country. This country
report should be typewritten in accordance with the format indicated in Annex I and
submitted to JICA on arrival in Osaka. Applicants’ country reports are used as
training materials in the course (especially useful in comparative studles)
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THESOLUTION 9 SOLAR PANELS

EnerTec's Solar Lighting Kit provides up .
to 300 watts of pure sine wave, 240 volt * 80 watt high efficiency solar panels.
AC power and sufficient DC power torun * Light enérgy to electrical encrgy

ten 20 watt, 12 volt fluorescentlights, conversion efficiency of over 14%.

* Guaranteed for 12 years.

¢ Maximum protection from the
severest environmental conditions.

* Supported in anodized aluminivm
frames to provide structural
strength and ease of installation.

INVERTER/
REGULATOR

* Butler Solar MicroSine Inverter with
built in Regulator.

1 BATTERIES * Microprocessor controlled pure sine

* Century Yuasa SSR 620-636AH 12 wave - inverter converts 12 velt
Volt Tubular Plate batteries. battery power to 240 volt AC power

*3 years wairanty. (ELCOM power) for TV's, VCR’s,

* 12 month watering intervals. HF radiosete.

* Tubular positive plates, * Continuous power ratmgof 300 Watts

Long warranty, quality componenis and
skilled support makes it the premier solar
lighting solution available in Papua New
Guinea.

The solar lighting kit contains batteries,
solar panels, inverter/regulator and all the
necessary cabling, switches fiftings, etc.
Specifications are detailed below:

* High cyclic life. at40°C. _

* High efficiency. . o f:eak poswer ratmg of 450 Watts at 40"
* High retiability.

* Ability to withstand high ‘ * Monitors and controls solar input

power and battery output power to
maximise thelife ofthe baitery.

*Stores information on the
performance of batteries, solar arrays
and the loads placed on the system for
later analysis and site management,

* Built in protection against over
* discharge and overloading. '

* Shuts down if overloading occurs and
will stay shut down until the overload
is removed and the inverter is
restarted.

* Detects when the battery has been
disconnected and reconnected and
when significant loads -have been
connected directly to the battery.

* Detects the regular use of large
appliances which should not be used

. onthesystem.
* Uses pulse width modulation (PWM}

temperature,
* Low comrosion of the positive plate.
* Fast recharging.
* Withstands plate expansion as
battery ages.

Note: Battery performance deteriorates though
either shedding of active material from the positive
plate (By either cyeling or vibration), or by
corrosion of the positive plate. Century Yuasa
fubular plate batteries are designed and built to
minimise these problems because.-

* The active material is held inplaze by a sealed
woven fube and shedding Is minimised
during service life. This means that the
baitery will be able to withstand cycling
beiter than corventional flat plate borteries.
As the active matericl Is contained, it u less
aﬁ'ec!ed byvibration.

» The spines of rke tubular positive plates are
swrrounded by a concentric layer of active

marerial which is considerably deeper than
that on conventional flat pasted positive
plates. The rate of corrosion of the spine or
gridis directly related to the depth of cover of
active material. In comparable deep cycling
conditions, tubular plate battery cycle life is

erchetnmeinthe osvantor shar that aAf an

technology for maximum battery
charge efficiency.

* Suitable for indoor use to maximum
60°C.

* Relative humidity, 95% non

wmen dacs aTin



Osaka Way
- A Challenge to 2008 Marin Olympic Games -

The 21st century, the thlrd dawn of a millennium, is coming very soon, In
the last 2,000 years, many cities have been born, flourished and declined.
And now more world cities are enjoying a civilized society. Few of them,
however, have a lnstory dating before 1,000 AD, the first millennium. The
history of Rome began in 753 BC and that of London and Paris in the first

century BC, but there are many cities that cannot be called a world city any
more in spite of their old place names. In Japan, Osaka and Kyoto can be
regarded as “millennium cities”. Osaka prospered 1,500 years ago as a
gateway of intercultural communication and in 645 Naniwa-no-miya was
established there, and Kyoto has a history {rom the establishment of Heian-
kyo as an imperial capital.

Osaka, however, has not always ﬂounshed thrOughout its h1st0ry of over
1 500 years. The first Naniwa-no-miya was burnt to ashes and the second
one, which was established as a sub- capital of Heijyo-kyo, had already been
abolished when the capital - was transferred to IHeian-kyo. Jshiyama-
Henganji Temple built in the Muromachi period and Osaka Castle built by
Toyotomi Hideyoshi, both of which symbolized Osaka, were lost in a fire. In
the modern age, due to devastating damage from war, storms and floods,
and due to heavy chemical industry attached too much importance as an
industrial basis, air and water pollution has increasingly. worsened and
brought an outflow of population in Osaka, a so-called city of smog and a city
of water. In its long history, although Osaka has been confronted with so
many trials, it has overcome hardship and has revived like a phoemx,
supported by predecessors’ efforts.

Now Osaka is changing into an mtematlona] v1s1tors city, havmg the,
- Kansai International Airport as a gateway to the world.

Today Osaka accept 200 thousand visitors a yeal consisting mamly of
business people. So that those visitors also enjoy Osaka for 31ghtseexng,
amusement and shoppmg and more visitors are allured by various events
including sports events, we are projecting and constructing various facilities,
and pushing forward a city renewal scheme in order to vitalize the city.

Around Osaka, the land of which is composed of earth and sand carned
by the Yodo and Yamato Rivers, dredging operations have to be continued,
but they leave much earth and sand behind. A subway has also been
constructed to facilitate a traffic network as the basis of urban life, but
consequently earth has been left. In the daytime Osaka has 2.6 million
permanent residents and 1.5 million people who commute to the city. The
Osaka city government is capable of incinerating the rubbish brought by
activities of such many people, but ashes always remain. Utilizing such
earth and ashes, three artificial islands, Saki-shima, Mai-shima and Yume-
shima, were made in the Osaka Bay as an ideal urban space, by which



harbor facilities supporting citizens’ life are expanded without destroying
the marine environment.

Part of these islands have already been used as the foothold of
international trade and a residential area called Port Town. Especially in
Mai-shima, sports facilities and dccommodations are being built for many
sports fans including the disabled and people of middte and advanced age.
The Osaka city government has a project to make Mai-shima a sports island
by constructing facilities in which first-class international sports events can
be held. Togethel with sports facilities that have a]ready been coxnpleted in
the city area, there will be “Sperts Paradise Osaka” centenng around Mai-
shima. When this project is accomplished, Osaka is ready to host the
Qlympic Games, and thus, the concept of czty renewal will be effective. It
was 5 years ago, in 1992, that the city government and the city assembly had
a concrete idea of holding the Olympic' Games in Osaka. In the same year,
the Society for the Research of the Olympic Games Holding Problems was
formed, and the exainination resulted in the agreement that in 2008, when
the subway is extended to Saki-shima, Yume-shima, Mai-shima and
Konohana Ward as planned, it will be possible to hold the Olympic Games
by using houses planned to be built in Mm shlma as the compeutors
accommodations, -

Let’s make a inodel c1ty of the 21st century in the aruﬁt:lal 1sland to
create a new environment. Let's realize the eco- fnendly Olympic Games on
the sea by means of - local environment control such as the subway, electric
cars and energy citculating systems The access to main facilities will be
secured not only by car but by train or ship. And for VIPs, helicopters will
also be available, In the city, you can find many first-class hotels. We hope
many compet:tors, officers and spectators from within and without can enjoy
local food, amusement quarters and urban facilities unique to Osaka such as
Kaiyukan, Asia Trading Center (ATC), World Trading Center (WTC) and
Universal Studio Japan which will be open in 2001, Furthermore, they can
fully enjoy the historic road (Rekishi Kaido) in Mie, Wakayama, Shiga, Nara,
Kyoto, Hyogo and Osaka where the Japanese culture of 1,500 years can be
experienced. Thus, Osaka is the best place, which can fully offer us an
opportunity of mtercultural exchange, another charactenistic of the Olympic
Games .

- Both citizens and ﬁnanma] cu'cles are desirous to hold the Olympic
Games in the Osaka way, making the most of history and culture that
citizens are proud of, and hospitality that is much superior to any other
cities. Fortunately, voluntary supporting parties have been formed by
cilizens one after another. And heads and assemblies of local governments in
the Kinki district also support the plan. So that we can hold the Olympic
Games to make young people in the 21st century recognize world peace,

friendship and wholesome national sense, we hope that people in the world
understand the Osaka way. '
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PHOTOVOLTAIC POWER GENERATION AND ITS APPLICATION SYSTEM

Toshimasa IHIRANO

Chief Researcher
New Materials Research Center, R & D Headquarters
SANYO Electric Co,, 1.1d.
1.1, Dainichi Higashimachi, Meriguchi-Cily, Osaka 570, Japan.

Abstracl

Solar cacrgy is more appropriate than fossil fuels
for developing countries to meet the increasing energy
demand, in particular for the areas with inadequale
infrastructure. This paper will review recent technotogy of
solar cell and its applications.

}. Introduction

‘Our lives have becomc vasily ncher thanks to the
advance of civilization,. Bul humankind today is facing a
great crisis thal could lakc away not only the luxuries of
today's living, it could also deprive us of our lives
themselves. The danger is global environmental problems.
Problems such as the greenhouse effect and acid rain are
caused primarily by massive consumption of fossil fucls
such as coal and oil. The key to resclving these problems
lies in the development of clean energies. Sotar cells, which
convert sunlight directly into electricity through the
photoveltaic effect of semiconductors, are a key technology
toward the conquest of global environmental problems. In
{his paper, the author will review the steps and status of
solar cell development before going into application
technologies, Then the author will cover future prospects
by talking about a global energy supply sysiem comprnised
of solar cells.

2. Energy problems

2-1. Global environmenial problems

The carth that nodtures us is surrounded by an
atmosphere that maintains the temperature and creates
clouds and cain. If the diameter of the earth, around
12,700km, is reduced to | m for purposes of comparison,
the atmosphere that covers its surface (12km) would amount
to only | mm. Into this ultra-thin atmosphere man has
released the gascs from burning (ossil fuels. This is tike
running your car in an enclosed space, choking the air with
exhaust fumes. [tis clearly sticidal behavior,

The fossit fuels were created in ancicat timés by
carbon dioxide assimilation by plants of the eneigy of the
sun (The conversion efficiency of the sun's cnergy by plants
is thought to be approximately £.02%.), in a process lasting
around 200 million years. The resulting fossil fuels will be
exhausted by man in a mere 100 1o 150 years. If the period
of 200 million years is thought of as 1 year for purposes of
comparison {apptoximately 30 million seconds}, man will
use up these fossil fuels in a mere 135 to 23 seconds. As a
result of man's disgraceful behavior, the amount of carbon
dioxide and sulfur oxides have increased rapidly, and it is
only natural that we should be faced by the resulting
eaviconmenial problems (see Fig. 1).

Atmosphenc warning/

Greenhouse

COQ NO)(, SOx
Gas ﬁow '

Pottution:
- Unnatural ecosystems

———
-
-

-
-
-

- Abnormal weather
IFluomcarborE} . Desgrliﬁcalion
Ozone Acid rain:
- Hole - Death of marine iife forms
= - Destruction of plant life
- Melting of polar ice caps:
The * Average temper-
S'ff Antarctic aturg increases by 3C

Fig. 1 Degradation of the global environment



2-2. Dhwindling energy resources

The consumption of fossil fuels such as coal and
oil has reached a turning point from the standpoint of
confirmed global cnergy reserves, as you can se¢ in Fig. 2.
I we continue 10 conswme energy af current fevels, we will
expend all fossil fucl resources on the Earth within 200
years. On the other hand, some hold the view thai there is
no need for concern because the amount of cenfirmed
roserves will geadoally increase, but those that believe this
are wrong. Mot only is there a limit to the ultimate amount
of reserves, but predictions hodd that future population
increases as shown in Fig. 3. Therefore, we can expect an
explosive increase in the amouint of energy consumed in the
future, as shown in Fig. 4, as the population of the world
and energy consumplion per capila increase. In the year
2020-2030, a gulf between cnergy required for humankind
and production volume of fossil fuels (called “encigy gap”}
will be grown., We need new cnergy for solution of that
problem.

2-3. Solar eneigy as a new source of clean energy

In view of global environmental problems and
dwmdlmg ENCIBy 1E50UrCes, we must dcvelop new EREIgY
sources that are both abundant and safe as a substitute for
fossil fuels. In this respect, solar energy is the ideal form of
energy because jt is clean, inexhaustible, and available
everywhere in the world. The amoumt of solar energy that
showers the Earth is 170 billion MW. This quanliiy is so

57 Y.
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Fig. 2 Reserves of various energy sources.(}
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massive that one hour's worlh coutd supply the ¢nergy needs
of the entice world for one year. And because the life span
of the sun is extremely long compared to the history of
humankind, it may well be considered a scmipermanent
energy souice. ‘

Among the methods avaitable for uulazmg the sun's
encrgy, the most prominent method is solar ¢ells, which use
the photovoltaic effect of scmiconductars 10 convert solar
light enargy to electrical encigy, as shown in Fig. 3. When
light ¢nters a semiconductor which has a p-n junciion, )
hole {eleciron hole) with a positive charge and an cleciron
with a negative charge dre produced. These are separated
along the p-n junclion, and the positive and negative charges
collect at both electrodes. When these two electrodes are
connected, electric current {lows and work is performed.
Since sunlight is used as the cnergy source, the result is a
power generating element which does not tequire fossil
fuels, does not produce exhaust gas, and does not have
moving parts.
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Fig. 4 Progrcss and forecasls for consumption of various
energtcs )

© electron 'ight
@ hole

'-@ -2 ©

uncbon [
sempm—g's%?:c‘lo ’ serrsc'uy
-

Fig. 5 Theary of photovoltaics



In addition to providing the many features of solar
energy, solar cells also offer the foYlowing.
(i) They provide clectrical energy directly,
(i) The conversion efficiency is the same ircetevant of the
scale of powcr generation, that is, whether itis 1 W oor
1 MW,
(iii) Power is geaerated cven with diffused light such as on
cloudy days.
{iv) The service life is basically scmipermanent because
there are no movable paris.

And finally, silicon -- the main matenial comprising solar
cells -« is the sccond most plentiful element on the Eanth, so
there is absolutely no problem from the standpoint of
resource avaitability.

3. Progress in solar ¢ells

3-1. The history of sohr ccﬂs

The history of solar cells began with Pearson and
others in the United States in 1954, In 1958, solar cells
were seat up into orbit on the the U. S. Vanguard 1 satellite
and used to provide power for telecommunications. Since
then, they have been used in radio relay stations, lighthouses
and other locations, but their high price prohibil them' from
achieving widespread use. Following the so-called "oil
shocks” of 1973, however, the superior characteristics of
solar celis caused attention to be focused on them as a
substitule source of cnergy. Technical dc\,elopment was
pursued in the United Stales under the auspices of the
Department of Energy and in Japan under the New Sunshine
Program (Formally, the Sunshine Project) of the Ministry of
International Trade and Industry (MITI). The history of
solar cells is shown in Table L.

3-2. The status af solar cells
(A) Types of solar cells

- There are many different lypcs of solar cells.
depending on the matenat used (silicon, compound
semiconductors, organic semiconductors, etc. ) and the
shape of the crystals of thé material (single crystal, poly-
crystal, amorphous etc., or a combinalion). Silicon is a
main material for solar cells. Some representative methods
for manufaciuring Si solar cells are shown in Fig. 6.

Single crystatline siticon {c-Si) solar cells were the
first to be developed. They enable a high energy conversion
(defined as the percentage of incident energy that can be
converted to electrical energy) of 20% or greater for a small
area, There are (wo major problems with this type of solar
cell : complex manufacturing process and high cosls.

In order to solve these problems, 2 method was

developed in which molten silicon is hardened in a mold

and then sliced into wafers to form poly-cryslalling silicon

{poly-Si) solar cells. These cells have a conversion
efficiency of around 16%, lower than single crystal cells,
bul costs are also lower,

The production method for amorphous Si (a-5i)

Table § The history of solar cells

1954 — Single crﬂfslalline siticon solar cell
(Pearson}

1958 - Satellite equipped with solar cells
(Vangard 1)

19731 Oil crisis _

1974 - National projects starled in U.S., E.C
and Japan etc. {ex. Sunshine project’

19761 Amorphous silicon {a-Si) solar cell

19801~ Massproduction of a-Si solar cells
Consumer electranics powered by
a-Si solar cells

1984 7MW solar power generation plant
(US.)

1987~ PVUSA project (U.S.)

1991 - Industrialization of solar air-

conditioner
Roof. 1000 project (Germany)

1992|~ Practical reverse-flow solar power
generation system (Japany)
Solar 2000 project (U.S.)

New Sunshlne Program

18637

sofar cclls chffcrs grealiy from that of the two solar cells
described above. Because a gas such as SiH

decomposed using glow discharge and then deposited on a
substrate such as glass, (i} the production processes for a-5i
solar cells are simple, (i) the energy required for production

i is low with processes demanding less than I00T, (iii) the

quantity of materials used is low with thickeesses less than
1 z2m, whereas with crysial -based silicon the thickness is

*‘about 300 zm, (iv} the use of gas reaction facilitates larger

sizes, (v) a hlgh output voltage can be drawn from a single
substrate using the integrated-type structure unigue to a-Si
solar cells, These and other characieristics make a-Si solar
cells ideal low-cosl so!ar cells.

(B) Encrgy payback time (EPT)

" Onre of the most important concepts when
evaluating solar cells as a new energy source is energy
payback time, or EPT.  EPT is the number of years that are

- required for sotar cell modules {o generate the same amount

of electric power as was consumed in their fabrication and
depends on conversion efficiency and production volume of
solar cells. EPT calculalions for 2-Si and poly-Si solar cells
are shown in Fig. 7. EPT decreases as the production
volume increases. Al a production volume of 10 million
W/year in case of 8% conversion efficiency solar cells, the
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CPTis esnmatcd to be 1. 2 years !'or a-Si solar ccl!s and 4.2
yeass for poly-Si sotar cells. The EPT of a-Si solar cells is
much shorter than that of poly-Si solar cells. This is
because of the tow fabrication temperature, simple
manufacturing process, and other a-Si solar cell fealures. In
any case, the EPTs of these solar cells are very much shorter
than their lifetime, which is estimated at longer than 20
years, Namely, solar cells are possible to multiply
themselves, as shown in Fig. 8. This means that solar cells
are quite suitable as a new energy source.

(C) I prmv:ments in conversion ¢fl ﬁcncncy

Figure 9.shows the progress and forecasts. for the
conversion cﬂ"cwncy of silicon-based solar cells. In the
past 10 years we have seen the conversion efficiency for
smali-arca cells improve from 18 to 23% for ¢-Si based
celis, from 12 10 18% for poly-Si based cells, and from S to
13% for a-5i based cells. Much improvement continues in
the conversion efficiency of modules for practical use as
follows :

Energy payback time (EPT) =E

?‘g 6 o"Eg
g 5l Eo: Energy for fabrication
P -Sj Eq: Energy from solar cells
= a l 3 K ‘

E 4t

3 poly-Si

o S '

&

a 2r

&

I
LL} 0 i i 1 i 1 1

: 1 10 100 ¢ t0O

million hillion

Production volume (Wp/year)

Fig. 7 Estimation of the EPT for a-Si and poly-Si solar cells 4

Fig. 8 Self-multiplication of solar cells with solar energy
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I‘ig 9 Progn,ss and forecasts in conversion erfc:ency for
suhcon based solar celis

c-Si :7-8%—12-14%
poly-3i :16-7% = 11-13%
a8 2-3%-69%
We expect that research and development in this area will
aceelerate to the point where we should see the conversion
efficiency improve to 27% for c-Si cells, and 24% for both
poly-Siand a-Sicells,
National projects such as the New Sunshme Program, U.S.
DOE Project and EC project ete. have contributed greatly to
these achievements. The targets of several national
programs are shown in Table 2. Further improvements in
conversion efficiency and reduction of costs are anticipated
from these national projects in the future.

4. Apphcallons and systems using solar cells

4—1 Produciion volume and oSt

. The production volume of solar cells has increased
rap:diy in recent years (Fig. 10). The total production
~ volume in the world was about 70 MW in the year 1994.
Japan, the United States and the EC countries share about
one third of the total production volume.

Figure [1 also shows trends in the actual and
- projected cost of solar cells. The sharp €all in cost is a
consequence of the increased production volume and the
development of manufacturing technologies.

4-2. Use of solar cells in consumer elecironics ,

- The application of solar cells in electronic goods,
i.e., consumer electronics, has progressed rapidly since
1980 This has been achieved as a consequence of vastly
lower power consumplion in the elecironic goods
themselves through advances in ICs and LSIs, and as a
resull of integrate-type amorphous silicon solar cells coming
into praciical vse. Applications in calculators, radios,
walches, and chargers have been growing. Most of those
presently found in card-type calculators are amorphous

‘Table. 2 The tasgets of several nalional programs

“Targetby 2000
USA  12~20 ¢ /kWh®
E.C. 1 ECU/MWp®
Japan ¥170~210/Wp®
1000 &= 50~100 »
§ {in 2000}
E Progp_i‘\;

100 |
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Fig. 10 Progress in production volume of solar cell ®
and future prospect
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Fig. 11 Actual and projected cost for solarcells &



siticon solar cells (Fig. 12).

4.3, Applications to stand-alone power sysieins

Photovoltaic power generation systems of several
tens of walls to several kilowauts have already achieved
practical use. In the past, solar cells have served as power
supplies for vartous kinds of electrical equipment located in
places 1o which people could not gei power (electricity)
casily, such as radio relay stalions on mountain tops and
remote lighthouses. Recenily, solar streetlights, solar
guideposis, and solar refrigerators for storing vaccines (Fig.
13{a),(b).{c)) have come into practical usc,

Fusthermore, rural arca systems are also practical
use, for example, house lighling systems, tights or medical
instraments for villages (Fig.14), electrodialysis
desalination systems (Fig. 15) and so on.

Another development is a ncw type of slira-
lightweight, flexible a-Si solar cells fabrcated on a plastic
film substsate . Such cells can be fabricated due to their fow
deposition lemperature, Moduales consisting of these cells
have a very high ratio of clectric power to weight (—~

{a) Street light

0.34Wf), a mere 0.2 nun thickness, and Hexibility that
attows them to be bent o a radius of § mm. These cells were
applied (o a parasol and a lent, for use as a power source for
clectric appliances while camping. A plane equipped with

(bY Solar fantem

(c) Solar refrigerators for storing vaccines

Fig. 13 Stand-alone systems



Bexible a-Sj solar cells, as shown in Figure 16, completed
its aaiden transcontinental ight across the United States in
1990, sctting new records for solar-powered aviation .

To further expand the solar ecll macked, the “see-
through” solar cel} has recently been developed. This is a
translucent solar ccll with many uwniformly-spaced
microséopic Lioles on an integrated-type a-5i solar cell
submodule. Tncident light can pass naturally throogh this
submodule, making it suitable for usc in home windows and
sunirools, as shown in Fig. 17 and for the windows of
buildings, as shown in Fig 18.

o

., ,.4
‘-..,Qw‘“ i e
gL y
; el i

T

X%

o
Fy

Fig. 17 Car sunroof usiag a sce-through solar cell {Photo
provided by Mazda)

R ]
Fig. 15 Solar Desatinator system : Fig. 18 Window with see-though solar cells

{Hokuriku Electric Power Co., }



-4, Systems

Systerns for wse in ordinary hemes are critical to
cxpand the market for solar power gencration, Recently in
Fapan, it has opencd the way toward intcrconnection of solar
power generating systems. Fig, 19 shows the first practical
application in Japan of a reverse flow 1.8kW solar power
gencrating sysiem in an actual home.

Reverse Now means that surplus power is fed back to the
power system. This selar power generating system has no
storage battenies.

Fig. 20 shows the actual results of gencrated
power, The peak demand while noon time is a problem in
Japan. As you can sce Fig. 20, this system generales
clectricity especially among the noon time. 3o, 1his system
is very effective to cut the peak demand. The total amount
of electricity generated by this system on August 24, 1994,
was approximately 7.2kWh. Of this (o1al, approximaltely
4. 1kWh or 57% of the clectricily generated was sold to an
electric company (Fig. 20(a)). In the month of Auvgust 1994,
the system's solar cells generated approxintaiely 200k Wh of
power, and about 42% of this power was sold (Fig. 20(b)). It
was found that the cleciricity consumption in this house was
30% less than that in the same month of the before the
systera was installed year. Therefore, a photovoltaic system
is effective for saving electricily - that is, {or saving energy.

fig. 21 shows the solar cells, the inverter with
built-in protective circuit, the transformer, and the
waltmeter that are marketed speciftcally for this application,
A reverse-flow solar power genciating system for buildings
(3.7 kWp ordinary a-Si solar cells + 1.4 kWp see-through
a-8i solar cells) has alse been installed (Fig. 22). Since the
walls and windows are used lor installing the solar cells, the
systemn reguires no extra instatlation space, making it a
promising selar power gencration system for buildings in
the future,

Environmental problems have prompted the
world's governments to expand their plans (o promote solar

Fjg 19 The first pfac-:ical use of a reverse-flow 1.8 kW
solar power generating system in a Japanese home

cell applications. In Germany, private home usce is growing
through (he Roof-1600 Plan. This plan is using federal and
state funds {70% support) to place about 1000 (currently
2250) small-scale (1 10 S kW) solar power generalors that
are connected 1o the commercial power system on the
rooftaps of hiomes.

Data provided from such facilities will lead to both
hardware and software improvements that should increase
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Fig. 20 Operating data of PV system {This data was
obtained through the ceoperation of The Kansai Eleciric
Power Co. Inc.)

Fig. 2t A reverse-flow solar power' generaling system for
houses {on satfe from April 1994)



the use of solar power generation in the Nuure.

1n Japan, staciing this year, the Minisiry of
Ioternational Trade and Indostey (MITL) is offering financial
assistance for the instaltation of solar power generation
systems in private houses. According to the plan, MITI will
caver half of the installation cost {up to ¥900,000 per KW,
from a to1al budget of ¥2,000 million in the lirst fiscal year,
1994 and that of ¥3,300 million in 1995) {or 1023 houses
this year. This financial assistance program prompted
several private companics to announce the marketing of
solar power generation systems in newspapers (Fig, 21),
Thevefore, this year may be called the fiest year for the full-
scale distribution of solar power generation systems.

Subsidies have been enacted in which the national
government pays for 2/3 of the inslallation cost when
regional public organizations install photovoltaic power
generation systems.  Using this subsidy in 1992, a 25 kW
system supported by NEDO as a part of the Sunshine
Project in Hyogo Prefecture (Fig. 23) as well as 11 systems
addittonal sites have completed instalation, and more are
expected in the future,

In addition 1o these, a 200 kW system was installed
by The Kansai Electric Power Co. Inc. in Hyogo Prefecture
(Fig. 24} as a dispersible photovoltaic power generation
system. Itisalso supported by NEDO.

In the United States, the world's Targest PV plant,
having 7 MW output power, starled operation in Carrisa
Plain, California in 1984, A PV power station is also being
cvaluated as a practical power source under what is called
the PVUSA Plan (Fig. 25).

Heve, a variety of techinological studics required for
the industrialization of centralized solar power generating
systems are now being conducted.

Fig. 22 The first p'raclic'al use of reverse-flow solar power
generation systems for buildings in Japan (TSUKASA
Electric Industry Co.,Ltd.) :

Fig. 23 Air conditioning system for green house (Grid-
connected system wiih reverse-folw:25kW)

Fig. 24 200kW power generation system {(Rokko-island,
Kobe, Japan ; NEDO Project)

Fig. 25 800KW Photovoliaic Plant of PYUSA plan. with
400kW a-Si solar cell power generating system.
(Davis, CA. USA)



d4-5. Topics and responses toward the widespread
acceplance of solar celis for electric power

In order 1o bring solar power-gencration systems
for clectric power into practical use, il is necessary to reduce
COsts. : , o . _

. As shown in Fig. 26, it is necessary {0 cause a
“chain reaction” (positive feedback) with the following thyee
Hems, I is critical actively assist in slarting the growth in
dimand.
ay Performance increases of sotar cells, the development of

peripheral technologies, the development of low-cost
mass-production technologies
by Creation of new demand
¢) Increase of production volumes
© With regard to technology development in a),
increased efficiency and cost reduction efforts have already
begun, particularly within the New Sunshine Program in
Japan. The cost of power at the beginning of the 21s¢
century has been catculated as the same as today's electricity
rate at nearly $ 0.2 / kWh, According to the New Sunshine
Peogram, innovative technology developnient is nccessary
to enable large-scale power generalion possible by the year
2010 with further teduced costs. The importance of ulira-
high elficiency for solar cells is also noted, .
_In the U, 8. and EC, technology development of
solar cells has been proceeding as well as Japan.

5. Future rospécts :
- GENESIS Project -

Described next is the GENESIS Project which
Sanyo proposes as a fulure engrgy generalion system based
on solar power generalion, .

The main disadvantages of solar cells are their

inability to generate power at night, and that their output
fluctuates dramatically depending on the sunlight
conditions. These problems give some concerm 1o those
who feel that solar energy is unstable as a prime energy
source. : , . .
' As outlined in Fig. 27, a Global Energy Network
Equipped with Solar cells and Intemational Superconductor
grids (GENESIS), is the Sanyo's proposal for resolving
these problems. A look at the Earth from outer space shows
. that rainy' and cloudy areas cover less than 30% of the total
land mass, and thal it is always daylight on the opposite side
of the globe to those areas under the shade of night. A
worldwide photovoltaic power generating system connected
by superconducting cables with no transmission losses
would enable daylight areas to provide clean solar energy
around the clock to those areas where it is nighttime, rainy
ar cloudy, This would ensure that no area on the Eanth is
without power. . _ _

. Itis forecast that in the year 2000, energy demands
will be the equivalent of 14 billion k! of crude oil per year.
To meet this requirement, 800 km square of solar ceils
would be needed, assuming a conversion efficiency of 10%.

Calculaled data by {ha avihior's group was shown in Table 4,
This plan is quite feasible because barely 4% of the world's
desert arca would suffice. In the midst of the worsening
encrgy crisis and cavironmental concems, this plan must be
put into clfect for Mie sake of a prosperous 21st century.
Making this plan is not so unsealistic. The three
steps shown in Fig. 28 are our view to realize this project.

Step | When a large number of people install phoiovolmic

power gereration systems in their homes aad in factorics,
and these are connected Lo the electric power grid, all of

4
Dem@ %f?

Fig. 26 Positive feedback for the low-cost of solar power
generation

-Coél down
Performance R

Production

Fig. 27 Conceptual view of GENESIS (Global Energy
Network Equipped with Solar cetls and International
Superconductor grids) (1)

Table. 4 World's consumption and required solar cell
system area

Pramary enrgy {  Conversion . 2 l}
- | eonsumption efficdency Re‘é‘;g?: iy g,e'a“
Year| .. of solar S6solar cel)
(billion kifyear cellsystem | (1002Gsolar et
oif squivalent) {%) {km square)
1990 10 10 710
2000 14 10 % G'QOT aroa
2050 62 15 1367
2100 270 15 2880

- 10 -
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Fig. 28 Step in the GENESIS Project

Japan will be made into a network through photovollaic
power generation power tines. [If the same paltern is
repeated in several countries, photovoltaic power genesation
networks will be created in each of these countries.

Step 2 : Tach countiy’s transmission lines are subscquently
connected. For example, South Korea and Japan (Kyushu)
arc separated by only 200 km.” If the countries’ transmission
lines are connected, a country network will be created. In
European and continental, Electric power supply grids have
been connected each other countries. As a next step, a plan
calted "Silk Road GENESIS"!?) was proposed to constouct
photovoliaic power generating systems along the ancient
trade road which will become new erergy trade road.

Step 3 - If the country network is widely expanded, a global
network will be created. During the interim period until
superconductive cables become available, it may be possible
to use high-voltage direct-current transmission technology.

6. Conclusnons
Solar cells, since mey convert so!ar light d:recity

~ into electrical encigy, are the most prominent candidates for
a new, clean energy source. In order for us to resolve the

energy problems facing us today and live comforable lives -

in the 21st cenfury, we must build a global solar power
generaling system with solar cells. Whether we choose to
concentrate our efforts in this direction right now or not will
determine the future of humankind.
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