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1_ INTRODUCTION

While sclence Is the seeling of knowledge in itself,
in practical ternms, unless this Fknowledge leads to some
technolegizal {rnovation, cociety would not support it for
leng. This ie indeed the direct link between science and

techneology. Consegquent!y, while Research and Development (RED) in
Solar Energy can only be a result cof sclentific &advances, it is
part of R&D in Energy in general. However, urnlecs it helps in the
socfio-ecoromic development of socisty, {1t wruld not be supperted
and thus becomes reduced to repetition of evperimsnts or wonld
die out altogether.

To bring resulte R&D needs a greatl Jegree of
investment in human and fi:ancial res:urces, and even with such
invecstment the re:zulls are not immediate. Consequently, it is

difticult for societies with poor experience Iin RLD te accept
to put such an invegstment., Thus, to diminish the risks of falflure
and to pool the energies and rescuices, as well as to exchange
knowledge and know-how, international! cooperation seems to be a
necessity more than an exercis=. However, for Iinternaticnal
cooperation to succeed mary conditfons have to be met., Mcost of
thecze conditions are linked to the development procecs itself.

This paper tries to loocll at the difficulties and at the
prospects, with emphasis cn the especitic case of the 0IC member
states.

2- SOLAR THERMAL ENERGY

One of the must widesprea! methods of wusing =olar
radtation !{s by converting [t into heat. Solar heat devi.-es ~an
be dlvided Into thres rategories as far 0ns  tempesatures of
utiltzatfon are concerned: a) high-temperatire devicee, for
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temperatures higher than (50 C; b) medium-temperature devices,
for temperatures hetween 60 € and 150 C; anit ¢} 'ow tempsraturs
devices, for temperatures lcwer than 60 T,

For high-temperature devices, solar energy hacs to be
concentrated. Thue, large reflectore ccevering large curfoce
ereas and vsing more op less cophicticated tracking mechanisac
are required. Furthermore, expensive materials are necessary and
work under severe operatinrg conditlicons iz the norm. Much of thece
devices are, consequently, still in the exrarirental stage and
are not y=t economically attractive.

In the lower range of the high-tempecature devices are
the sclar thermodynamic pumprs. For pump capacitiee lower than 50
kW, prccess heat of up to 207 C is needed. S0 kW pumps would need
300 C cteam engines, and E£00 kW pumps would need 400 C
temperatures using concentratcrs, etc.. Solar water pumps are not
yet economical and development wnrk to make them compstitive with
other systems, Including photovnltaic ones, is most probably
going to be expensive.

Higher range high-temperature cystems are even further
remcte from potential widespread econcmical utilizatien. These
fnclude the possibility of producing hydrogen from waler or
production of procecs heat for cuch industries acs ammoniza or
cement.

One application of high-temperature systems which
deserves attention is thte production of ccld znd air-conditicning
fn dry warm climates: such &as s prevalent in ncrthern and

southern arid belte.

Medium and Jow-temperature devices do not require
concentraticn or ‘tracking. They are, therefore, economically
attractive and technica!ly eimple. Applications In:lude water
heaters, coorers, and desalination systems., Space heatinug 1:

considered only In temperate zones, mostly in Jdeveloped
countries. As no solar concentration 1is used, economies of scals
are achieved In these devices at =a level low enough to be

attractive to a dilute energy wutilization in rural and remote
areas and ccmpatible with the dilute nature of solar radiation.
However, economies of scale <chould be sought after In the
manufacture of these devices which depend on the dzsign &nd
engineering considered, ’

Thus, research Iin medium znd low temperature devices
should move out from making prototypes and testing them, to
production technnlogy and product deslgn, {f these units are to
be accepted on a large scale. However, §f storage of energy is to
be avoided, such solar sycteme would he efther oversized or
under-utilized or be used with some other zource of ene:gy as
energy hoosters.
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Solar water heaters are produgced in many count:les,
such as Austratlla, Japan, Israel, Cyprus and Jordan, They are
prcduced in small firms which, in developing ccuntries, are often
assembl=rs that buy compcnents usually from abrnad. Solar water
neaters have a market in temperate or sutbt-tropical regicns and in
dry hilly areas where solar energy 1is avafilable abundantly, but

temperatures are low enough to make hot water Jdesirable. Selar
wat=ar heaters become eceoncomically competitive depending on the
relative selling price of other energy sources, Such &°s

electricity, gas ,or fcssi]l fue!., Nevertheless, solar water
heaters are now based on = mature technolegy and do not need much
research for fucther developmeant,

Ctrers are being doveloped an ested. The tasi- probilems w
sclar cooking are: $Y the need for cheoper desizns; and 2) the
Fifficulty of ccoking vhile expnsed to sunlight or after sunrice.
Conc:ntrating cookers are expensive and ztill inconvenient to
cperate, They dc not have much chance %to conguer a large market
nelther In developing nor In developed countries.

There are many desigr=s of o120 o ~her (TR
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Flat-plate solar ccokers are, on the other hand, more
promising. They are cheap and couvld be made cheaper with good
engineering and commercia! producticn. They are also easy tc
operate. However, flat-plate solar coockers can handle limited
cooking operations, such as boiling, taking or steaming. They are
slow, thelr efficiency depends on se2son and climate, and they
are not always effective when food i= needed.

Also, =zolar «conking has certainly goed potential for
large applicatione operating (n tandem with other devices using
fozsil fuels, such as LPG and kerocene, or charceal. For csolar
cocking to be successful, rasearchk Is neverthelz2se needed in
market {dentification and development for large scalc production.

There are inherent limitations in the economics of
solar =stills., Indeed, ¢the simple flat-plate stills have no
economies of scale, and requirements of fresh water are ucsually
large. Thusg, solar stills will not be large <suppliers of fresh
water for the foreseeable future. They might be promoted an a
large scale as small units to produce drinking water 1{n remote
arid areas where most water Is brackish or palluted.

Finally, solar drying Is one of the most potentially
important applications of solar energy. Such thermal process
might, however, occur ficst by spreading the product tz be drled
in the sun, without 1Incurring the extra cost of the dryer.
However, even in this case, soler drying may be justified only
when improvement in the gquality of the dried product may be made,
for f{instance by keeping cut {nsects, birds, durt and
contamination. Nevertheloss, every one of these problems could be
colved without recurring to the solar drysr as cuch.
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On the other hand, flat-plate <olar dryers low
temperatures limit their output and thes speed of drying. Thus,
dryers using fossil fuels or electricity can be cheaper than
csolar dryers when drying cn a large scale has to be done rapidly.
Some*imes plain alir-drying is not possible in cold cor rainy
weather or when a crep is to be harvecsted hefore it is dry.

Frou the abave it seems clear that the rmarket c¢f solar
dryers 1Is not obvious and their economies are precarious. Here
again hybrid dryers using toth solar energy ard fossil fuel may
improve greatly their attractivenecss.

3- SOLAR ELECTRICITY

Solar energy ~can be converted into electricity by two
main methods: 1) through a heat s*age; or 2) Jdirectly through the
phetovoltaic effect.

There are three methods of converting sclar energy intc
electricity through a heat stage: 1) by using a solar distributed
receiver system (STDS); 2) by using a solar thermal central
receiver system (STRS); or 3) through sclar poends. In STDS, sclar
energy 1is collected by flat-plate cecllectors over a3 iarge area
and heat is transmitted to a working fluid. In STRS, solar energy
i concentrated on a receiver on top of a tower by a iarge nrumbter
of heliostats. As for =solar ponds, they use inversed temperaturec
gradient in a cspecial salt solution to trap collected sclar heat.

One of the most advanced such heat sycstems 1is the STRS
Solar One 10 MW power plant., It used 1818 heliostats of 39 m2
each, produced 71000 LWhr/day at 13% average efficiency at =z
cost of US$13/We. The location has an 950-990 W/m2 incolation and
days with 10-11 hours average sunshine hours. The capital cost of
solar heat power plants is still vecy high. The cozt per peak kW
could be reduced as the technology s improved along with the
construction of new prototypes. Nevertheless, solar heat peower
plants are based on a submarginal technology, their future is
questionable, and their markets, because of thelr large size,
might be limited. Furthermore, the larger plants are incompatible
with the dilute nature of solar energy. Therefore, it does not
seem that further resgsearch in this area be justified at present,
especially not when there are more Interesting alternatives
represented by sclar photovoltalc (pV) cells.

Indeed, beczuse pV system: lacl economiec of =cale,
they are most economical for stand-alone uses Irn remote areas.
However, as the capital cost per Installed kW is sti!l too high,
pV urnits are more practica! for low voltage uses such ac
ifghting, telecommunications, radioc and television, However, all
these usages necessitate erergy storage, unless the puwer
produced {s fed to the grid. Thie solution fe attractive when the
overall odfurnal energy demand matches the fnsolaticon curve.
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Furthermore, pV systems necessitate power conditioning equlipment
the cost of which per install2d kW decreases with the size of the
unit.

However, PpV systems have the advantage <¢f using ne
moving parts, ne fluids at high temperature =2=nd no tracking
systems. Thei{r overall efficlency is nevertheless lower than 20%.

The materials using the pV effect most atiractive Iin Vv
systems are: 1) monocrysta2tliine silicon; 2 pelycrystatline
silicon; 3) amorphous silicon; or 4) thin films using cadmium
sulphide/cuprous sulphide or gallium arcenide.

The manufacture of photo-cells, baced on
monocrystalline and polycrystalline silicon, involve four st=ges,
with the main objective of unit cost reduction. These are: 1)
production of silicon; 2) sheet manufacture; 3) cell manufacture;
and 4) panel! manufacture. In the production of siiicon, cost
could be reduced by reducing purity, but this would lead to loss
in efficiency. New technologies in sheet manufacture, such as
monocrystal continuous sheet production and production of
polycrystalline silicon wafers, reduce cost but also efficiency.
The technology of cell manufacture has practically frozen because
of the automation of cperations. As for cell manufacture efforts
are made to increase cell output by using concentrators, such as
in the SOLARES pewer plant In Saudi Arabia. However,
concentrators limit use of sclar energy *e direct enargy and
necessitate tracking which introduces economies of scale, making
about 3 MW the minimum economica!ly acceptable size of the plant.

All in all, the cost of pV modules has been falling
from US$S0/peak W Iin 1973 to $USE in 1984. It did rot fz=ll1 much
since then as the 1984 cost was a result of a price war between

oil companies and other manufacturers ot photocells. It does naot
seem that new major cost-reducing pocsihilities are left in thre
above-ment foned pV cel! manufacture. New rmethods and

technologies are being investigated for this purpose.

One of these {s thin fillm technology wusing amorphouc
silicon celle or compound semiconductor celis. Both have at
present low efficiencies and low stabilities wunder working
conditions, but their prospects are good. Most encouraging are
amorphous silicon cells which have better optical absorption and
photo-~conducting propertiecs than both monocrystalline and
polycrystalline silicon cells. They wuse less egilicon and could
be depogited on any non-crystalline substance such acs polymer
fiimg, stainless steel cubstrates, and ceramic substrates, or
even roofing tiles. Efficiencies are already in the 10 to 12%
range.

Research Iin thin f{!m technology is encouraging, bhut

the technology did not reach yet the commercialization stage. It
{8 widespread In the universities nf developing countrier.
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For the use of pV modules to extend to the utility
market, its cost should further fall to $2/W. This is not a
far-fetched aim to reach in this Ilast decade of this century.
Thus, pV systems chould receive the highest attention compared to
other solar energy applications.

4- RESEARCH & I1TS ENVIRONMENT

Develspment of solar energy research and applications
is not independent from other activities in a country. Indeed, if
solar energy is to be developed preperly, it would have to be
part of the energy peclicy of that country, and consequently
included in {ts averall socic-econonic develcpment pregram. In
other wnrds, solar energy research and applications will be
promotec 1If there {s a need fer them and this need 1is expressed
properly within an effective functioning system.

Thus, research, In general, could be visualized within
an electric circuit simulation, in which %the load i< the
application used on a commercial baric and the source of power
is the need, whereas the driving potential is the wil! to fulti]
the need, 2and the charge carriers are the human workers {n the
entire system. Thus, research should be 2a response to a need
generated by the  user. Unless the circuit 1is cleosed, no
indigenous development occurs neither in =olar erergy nor in
other areas. Consequently, it Is essentia! to review the proper
research environment for development of solar energy and itc
applications, pointing out in particular, limftations
predominant in developing countries.

Two characteristics must be attached to research:
usefulness and aquality. Indeed, research must respond tco a
practical need and respond to it properly. For this tc happen,
the users of research, cuch as polizcy makerg and producers, nust
be knowledgeable in using resrarch enough to translate {t into
practical declisions. ESimilarly, the director of research should
be capable to tranclate a practical need Into a1 research program.
Thus, the degree of usefulness and quality of research shall
depend on the effective interacticn between "doere™ and "users"of
research.

Essertially, govecrnments are institutions that resoclve
conflicts., Practically, governments use a great deal of research
to define policy. Wnatever the nature of a government, all
governments in developing countries and elsewhere have been
forced to take action on energy problems, due to the scale of
energy investments and the import costs or export earnings of
energy. Such action would influence, in one way or ancther, colar
energy research and applications.

The establishment of an energy policy for a country l¢
an area that glivee large room for Intersction between government
and resexrchers. Energy policy analycels, planning and




management must ensure greatest effectiveness in reaching the
desired goals. Thus, an important aim of energy research is tc
upgrade the quality of energy policy at all three levels.

Solar energy planning must be an integral part of
energy planning, which, in turn, must be an integral part of
naticnal economic planning. Such planning sheould seek the best
use of available resources to improve the overall sccineconomic
development of the country and the citizens.

Energy policy planning has to consider several possible
futures, and choose among them the most decircd cne, then select
the policy instruments for achlieving such a future. Recezroh

should he able te help at a1l these ltevels. Hoewsvsr, for resezrch

to be able te imgreove zolicy effectivels Tt sh-gld be <zrriad od

In profesgsional institutions -~zpablsz of  giving Independast . izve
¥

znd which have the financiz! mearnz *e  carcy rut thels crograme.
Furthkermore, the government <chould be an informed buyer of
recearch and aveid the temptation teo own it.

However, in practical terms, <cuch Independence fc not
easy to zachleve. In general, the larger a country is, the mors
independent it can be in its decisions concerning energy noaticy.
Furthermore, research would not be effective below a critical
mass, which is rarely reached in most developing countries.

Producers of g.ods and services are the practitiorars
of procduction technology. They are also Its major repository. B:t

not all such producers are necessarily producers of new c¢:
improved technology. Since technolcgical investigaticns tend ‘o
be located {n teaching institutions, technologica! innnvatien

tende to be in industries where the sa2me proceess can Jead %c a
wide range of products, In develeping countries such inductries,

when present, are small In size and &are therefcre unable to
contribute much in Iinnovations. However, there are three areacs of
possible action: research and development; technological

capacity; and technologizal Infrastructure.

Research and development (RID)Y s made up of two
comprnents: 1) ueing processes in a small scale, prototypes are
produced singly or in batches to minimize cost; and 2) embodying
the results of research into a practical production system. In
developing countrf{es, there iz often tooc much of applied research
but not enough development. The creason is that public funds, when
avajlable, are more readily given to state-owned research
institutions not attached t'n producers. The sftusatiorn In
developed countries i1s different as public funds are generously
allocated to R&D In private Institutions 1inked with production,
Thug, government’s assistance should be talilored to build the
capacity of private firme to observe their environment with 2
technologically sophisticated mind, and to create competitive
market structures that encourage firms to seek innovation.
Government®g ascigtance should not be directed towards RLD ac
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such nor to generate specific innovations. Thus, the
technological capacity of the nation could be increased and the
te~hnological infrastructure developed.

In developing countries, special! attention must ke
given to small firms, 2as they are the most widecspread and the
most handicapped in their capacity to innovate. Indeed, research
for small producers is risky, and its outcome is wuncertzin. If
research is then done for smal! producers, they should be in a
position to use its results. Thic depends un several conditions:
1Y product innovations usually require prncess change as well 3as
bringing irn changes in other procescses. In large companiecs,
coordination between idsas generating Jdepartmente and thos-
embodying them In production oscure wlthin the company, whereas
in smz21l! ccompanies the two functicns are per necessity
cseparated: fdeas come from outside, and the small! conpany
implemerts., Thus, means of coordination in such cases shou!d b=
devised; 2) in large companies the interralizatior of the entire
chain cf Innovation ensures tenefits, whercac in small companies
the chain is breoken: the inftiator of ideas pays the cost and the
producer reaps the benefits. Thus, R&D fcr small companies should
be subsidized; 3 introduction of innovations imply riske that
small companies cannot affeord. Thus, risk-sharing mechanicas
should be developed; and 4) introduction of innovations requires
skills not always readily avalilable to small producers. Thus,
this problem should be tackled as well.

Neverthelese, some international energy markets are so
ruch controlied by a small group of producers that they will
remain for a long time off 1limits to small countries. The
markets of power equipment are now an example (70% of the exports
come from five countries: USA: UK: France; West Germany: and
Japan). Another exzmple is the market of nuclear power plants
(about 70% of plants are produced in four countrize: USA: France;

Canada; and the Soviet Uniond. In the future, as =solar energy
markets extend, some solar equipment, such =as photocell-based
ones, may fall into this category.

Regearch and training Irstitutions must be the

repositorlies ot accumulated knowledge and ckillc. Thus, they mucst
be capable of accumulating experience, diffusing intellectual
skille and ensuring efficient use of Intellectual acsets. They
must also be capabhle of bringing together diverse diccipl!ines of
science to tackle cpecific problems.

The biggest danger to research & training institutions
is the utilitarfian approach In their funding. Project funding

often directs recearchers towards a number of wunrelated
short-term projects, thus preventing *them from developing real
depth In any one discipline. Institutiong that are too narrowly

specialized run the risk of becoming cbsolete when the subject of
their specialfization s not any more of major interect, Thus,
program funding to research Institutfonz must be, Instead,




directed towards bullding intellectual assets {in specitic fiellc
ot research. The financed projects shounld te zble to use L hese

assets fully.

Directors ¢t research institutiane have an impcortant
role in their success. Their rol2 is c¢rucial in relating
researchers to preblems, and programs tc projects.  Thus,
Jirectors would need both technical and managerial skills.

In developing countries, much importancn is given tn
International funding in solar energy research. However,
fnternatfonal funding agencies play a neutral!, if not negative
role, in buflding research capacity 1in these countriec.
Small-scale research, as is aoften the case in sclar energy, which
is generally unrelated te production and commercialization, is
funded by small funding agencles. They are certainly nrot
respansible for the lack cof cocrdinaticn between policy,
production and use, c¢on the one hand, and research cn the other
hand. This disconnection arises from lack of national policiec
and weakness of domestic producers. Due to internationa! funding
research is not supported by an inner need; therefore, such
funding tends to reinfarce the above-mentioned disconnection and
makes a bad situation worse.

It 1 now of interest tc look at the situation where
research responds to demand and is therefore financed by those
who need it.

5- DEMAND ANALYS!S & MANAGEMENT

Energy is a vital input that can encourage development
when available, or constrain it when absent. Thz most basic unit
for energy consumption is thke household. In this recpect,
hcuseholds can be clascsifised iIntec collectors, producers and
buyers of energy. Households in dev=loped countries are mostly
buyeres of energy, and demand theory fits them bect. In developing
countries 2 great number of houscholds are energy collecturs or
subsistence producers.

Therefore, ft Is necuesary to dewvelop ceoncepts for
study of households In remote areac and to see how solar energy
could be introduced to alleviate their -{ftuatfon. In other wouds,
in develcping countries, more attention shouid be given to the
gtudy of the market and to the fdentification of the needs teo
whizh solar energy applications could respond.

For iInstance, collectore and subsistence producerc of
energy would respcnd to allocatfon of human Jabor to alternative
uses. Fucrthermore, the study of csystes boundaries should include
the dealings of both collectors and producer:z with nefghbouring
regiong, and variations aerrnggs reglions and soclal classec.
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Research on energy collaction should be l:nked tn the need for
the protection of the environment, to which a value must be given
whenever a solar energy soluticn is to be assessed economically.

As an example, assuming that a cheap sclar cooker has
been developed, or needs to be developed, for a given region, the
fuel it replaces should be studied. If such a fuel is collected
fuelwood, then, in comparing the economics, all items should be
taken into account: human labor; impact on the environment, such
as desertification and deforestation:; quality and compos:tion of
the cooked food, etec... Only then attempt at influencing the
behaviour of the househnld could be made, <=0 need for solar
cookers rather than fuelwnod may be felt.

In general, development implies growth {in ocvtput of
goods and services, whick in turn requires increases in éenergy
consumption. As people develop, their need for lighting and
household appliances increases. The first appliances to be
acquired are electric fans, radlos, and television sets. In
remote areas, solar energy could have an impact even at its
present stage of deveiocyment, especlally where the electric grid
is not present and would not be economical to expand 1t there
because of small loads and large distances.

As the ecoromic level of the household rises, need for
such items as readily available fresh water and hot water would
increase. Solar energy could help in this area even now, in both
villages and cities.

The need to make agriculture produce more foud, implies
more need for water, fertfilizers, water pumps, produce dryers
and other machines. All this Implies more wuse of energy per
person.

As the country rafises 1{its {ncome, its erergy demand
structure and production pattern shift toward industry, thus
leading to more energy consumption and more opportunities for
gsolar energy applications. The rise in the living standards also
leads to more consumption of goods and greater movement of
products from one reglon tc another, thus more energy to he used
in transport.

Consequently, research {in solar energy cannot be
carried out in ignorance of production of goods wusing such
energy. On the other hand, such production cannot be carried out
with the rising of demand. Hence, it is necessary to study the
factors that determine demand, egspecially in developing
countries, where the need for such demand should be investigated
and encouraged.

However, the problem in most developing countriec

arises from the fact that energy gtatistics in them are sparce
and poorly organized. Only Iimprecise analysis of ena2rgy needs
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could therefare be made. Thus, effarts should be made toc improve
the data base for estimating more relfable relationships using
more detailed data.

The (rcome elasticity of energy consumption and
translog functions between energy and other inputs do not help in
!dentifying the factors affecting consumption. Input-output
models describe in great detail the relationship between
production and energy use. They allow the study of a large number
of hypothetical situations, but they have their limitations.
However, in general, there I8 no perfect way of studying
aggregate energy demand as the behaviour of beth producers and
consuméers cannot be accurately predicted through physical means.

Energy demand models can be used to cstudy tot
intensity and manipulate it through policy measures such as
and subsidisz., Taxes and sulbesidies zoucld ke used t- encourage or
discourage a giver energy source =z2uch as solar erergy. Their
design, as social fuctice and other factors such ae protection of
the =nvironment should not be ignored, is a real challenge for
research. Research is also needed into better price regulation
that 1ig taflored to stimulate technolegical change for the
better.

If an agricultura! surplue 138 essential to sustain
population outside agriculture, solar energy chould be able to
help in generating surplus, directly or {indirectly. Thus,
applications of solar energy which might not e considered now
could be 1iderntifiled, researched and developed. This can only
occur if communication is cpen continuously between the potentilal
ugser Iin agriculture and the recearcher in the recearch & training
institution.

Finally, there are many applications in the household,
agriculture and industry, where solar energy could have an impact
on energy conservation. Identifying such applications would help
create the need for them, and this in itself must be an important
fleld of research.

6- NEED FOR INTERNATIONAL COOPERATION

In analyzing the need for international cooperation n
the field of solar energy une has to consider separately the two

categories of countries: developing and industrialized
countries. Independently of the level of iInsolation iIn those
countries, their different levels of development make the neced

for international cooperation vary In nature.

Caoperation between two entities, whereas countries or
laboratories, can be fruitful and lasting only it both parties
feel a need for it and draw continuous benefit from {t. This
implies a3 certain level of parity between the two cooperating
partiez in whose cooperation each one {3 a giver and a talker for
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the benefit of both. Cooperation between industrialized countries
in the field of solar energy, as well as {in other fields,
responds to this criterion and is therefore comparatively
successful.

While in each industrialized country research in solar
energy is usvally financed domestically and fits in an overall
plan of development within {he energy sector, the need to know
what the others are doing in the same or similar areas is
perceived as obvious. Indeed, exchange of {nformation, mutual
training of experts, and exchange of views help greatly in saving
human and financial resources to reach the aim planned, or to
redraw the plans to fit more realistic scenarios. Thus,
North-North cooperation occurs not only in laboratories and
research institutions but also iIn conferences, workshops, and
symposia, as well as in research journals and professional
societies. Infrastructures 1{in developed countrjes support such
cooperation, value 1{t, and usually find the means tc finance
it within the overall program of each country.

The situation between developing countries is
different, as no much South-South cooperation is to be observed
neither in solar energy nor elsewhere. The difficulties facing
such cooperation are numerous and would be considered ir more
detai! in the next section. However, here we can already notice
that, while there is to a certain degree parity among developing
countries in their underdevelopment, such countries do not see
the benefits’ they can draw by cooperating with each other, as
they do ncc value much each other’s efforts.

North-South cooperaticn between an industrialized
country and a developing one seems at first sight viable, and it
is wideespread. However, with the possible exception of the three
large developing countries (China, India, and Brasil), such
covperation does not seem to be between com~arable partners.
Also, while it seems that both such cooperatin .artners benefit
from it, they do not seem to benefit in the sawe manner. On the
one hand, the industrialized partner Iin the cooperation program
knows what to draw from *he cooperation, and use it, under the
cover of aid, for demonstration and development of markets. On
the other hand, the developing country in the partnership usually
doeszs not have a program of {ts own, has practically no local
funds for research and does not have a clear idea of what to
draw from such a cooperation. Often, the deciciocn to cooperate is
taken by administrators and political decision-makers, and it is
executed by a university professor starving for research funds
and international peer recognition. The professor does benefit
from such a cooperation, but not necessarily the country.

Therefore, let us look at the ideal <=ituation for a
cooperation fruitful to all concerned. in this respect, we shall
consider three levels of cooperation: 1) cooperation of
ingtitutions within ¢the same country; 2) cooperation between
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developing countries at the regional level (South-South
cooperation); and 3) North-South cooperation. Finally, the ideal
role of international agenciec shall be analysed briefly.

First, no international cooperation 1i=s useful to a
given country unless there is cooperation between the different
sectors within it. For solar energy, a country cshall be ready for
international cooperation if it has a certain development plan
which includes development in the field of energy which in turn
has a solar component Iincluding research, training, demonstration
and davelopment, and where all the groups working on solar energy
within the same country cocoperate in such a manner as to form
components within the same overall team.

No single developing country would be in a position to
carry all research work needed In all areas of solar energy.
Therefore, a given country shall choose its priorities in such a
manner as to be able to bring In tangible results with its
limited human and financial capabilities. Regicnal coogperation
between countries of the =same region, having similar levels of
development, and often sharing the same Ilanguage and the same
culture, would seen attractive, if each one of such countries has
developed its own program, coordinated its own teams, and defined
its area of specliality. Therefore, the groups working on solar
energy in the entire region would form an ensemble tackling the
widest range of solar aprzlications of usefulness to the region.
However, such cooperation would succeed only {if ts cost is
integrated within the budget of solar energy of each country. The
ideal situatiornr shall be reached when the solar energy progranm
becomes basically a regional program shared by the different
countries of the region.

Thus, such South-South cooperation at the regional
level would prepare the region for more fruitful cooperation with
an fndustrialized country. Such North-South partnership would not
be only a relationship between a giver and a receiver of 2aid but
oan the country between two partners: the industrialized ccountry
on the one hand; and the developing regiorn on the other, knowing
both what they want from such a cooperation and what they are
willing to give. Only such negotiated cooperation, financed by
buth parties could lead to real development 11or bo:h in the
applications and utilizatiocn of solar energy.

International agencies, such as UNIDO, could play an
important role in encouraging South-South cooperation, by helping
countries develop their own programs and by seeking necessary
finance to start such cooperation. Also, through their programs,
they should encourage North-South conoperation on a more equitable
level for both North and South. International agencies could
play an important role Iin bringing together not only workers in
the field of sclar energy from different parts of the worid, but
also the different actore at different levels of solar energy:
the producers and the wusers; the researchers and the pollicy
makers; the teacherc and the industrialiets; etc...
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In the following section, we shall consider briefly the
pathology of research & development in developing countries which
make the above scenario difficult to achieve. Indeed, unless the
effectiveness of developing countries research institutions is
greatly improved and Iintegrated into the productive and
policy-making processes, such countries would not benefit freom
irternational cooperation.

7- DIFFICULTIES IN INTERNATIONAL COCPERATION

The probiems faced by international cooperation in the
field of solar energy in developing countries, as {in other
tfields, emanate from several local and regicnal problems
leading often to regional conflicts, rather than cooperation.
First, even at loca! and national levels, research is poorly
financed. Acs governments are the major users and financiers of
research, their interest in financing research to solve long-term
problems diminishes as they face more wurgent short-term ones
which receive all their attention. Indeed, as o0il]l ©prices
increased in 1973/74, many governments adopted a variety of
corrective policies, cuch as import regulation and substitution,
export promotion, and Iinternational borrowing. This strategy was

successful for a while, and when the price of oil rose again in
1879/80, it was repeated but with a damaging effect this time. As
the price of oil eased, developing country’s governments

discovered that they faced instead an insurmountable foreign debt
serving problem eating at iIncreasingly larger proportionce of
their GNP. Consequently, research became the first victim of
such a situation as governments started cutting down thelir
expenditures to service their debts.

Second, most develaping countries are under a
considerable degree of central direction, and most government
funding is channel led primarily into captive research
institutions, Such countries often lfack independent
profegsional research {institutions that can act as rapositoiies
of knowledge and know-how and 1{initiate the need fcr regional
cooperation.

Third, most developing countries are too small and
poor, even for supporting a research group with the minimal
critical mass to enable It to contribute in a meaningful regional
cooperation. So much so that even the small loca! capabilities
are divided Iinto non-cooperating and often contradicting smal!
groups managed by different ministries with no mutusal
understanding or program.
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Fourth, often governments in developing countriec are
not informed users of research. They tend to rely on consultants
to make their decisions. The result is dependence on imported
technology, rather than support to local efforts, which are
rarely appreciated as immediate results are expected.

Fitth, often in developing countries, the circuit
research-development Is open iIn such a manner that results from
applied research do not lead to commercialization. Therefore,
producers are Iinked to research don= in industrialized
countries and do not see any benefit iIn financing research at
home. Public funds for research, whenever available, usually go
to state-owned research finstitutes not attached to producers.
A!l this makes the need for regional cooperation unappreciatec or
inaxistent.

Sixth, outside the publiz sectre, producters In
developing countries 2re often too small evenr to  think about
research. They rely an cheasleate tzehnclegzy, and undsr the best
circumstances they a2re able t- use resuite of Inported research.
The latter s often too evpensive and renders accumulaticn of
knowledge and know-how 2at home impossible. Furthermore, local
research appears unnecessary and remains unsupported.

Ccnsequently, the fruftfulness of regional cooperation does not
appear obvious toc the producers.

Seventh, researchers in developing countries have pcor
access to comprehensive libraries and experienced colleagues.
especially Iin other developing countries. The poor state of
communications prevalent between developing countries, makes
cooperation difficult, if not 1impossible. The communication
between a developing country is wusually much better wilh its
former colonizing power, which remains in the field of research,
in solar energy ags In other areas, the only point of accees to
experience and knowledge for the researcher.

Eighth, most research in developing countries is funded
by outside donors, or by agencies financing one energy program or
another. Therefore, such research Is not fully under the control
of the country considered. It would not necessarily lead to
regional cooperatior.

Ninth, cooperetfion in solar erergy at the regiona!
level cannot be taken outcside regional cooperation in general. If
regional conflicts are the norm in many regions of the developing
world, communications suffer, and movement of goods and people,
let alone ideas and views, becomes impossible, and therefore no
cooperation could be carried out. Thus, regional cooperation in
the tield of solar energy {8 part of regional cooperation in
general, and can occur only in a climate c¢f regional integration
or at least peace and understanding.
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Tenth, energy research and regional cooperation are
part of overall socio-economic research. Researchers can be
independent only if they are free to criticize policies and
propose alternatives without fearing for their carriers and their
research funds. Therefcre, real research cannot occur, not even
in such a simple field as solar energy, iIn societies that lack
mechanisms for peaceful changes in policies and policy makers.

Unfortunately, such societlies =are the norm in developing
countries rathe:r than the zwception. With no meaningful
research present, regional and international cooperations became

pointless, if not impossible.

Under the atove circumstances, let us lock at the
situation of a group of developing countries members of the
Organization of the Islamic Conference (0IC) and their efforts to
coordinate solar energy research between them, in spite of the
difficulties mentioned above.

8- SOLAR ENERGY IN THE O01C MEMBER STATES

The 0IC, established in 1969, groups 46 member statec.
Its aim is to promote cooperation between 1{ts members in al!
fields of endeavour. The O0IC states had {n 1989 a tctal
population of about 950 million people, and a total area of about
27 million km2. These states could be divided into three groups:
the Arab group (Egypt, Morocco, Algeria, Sudan, Iraq, Szudi
Arabia, S-ria, Tunisia, North Yemen, Somalia, Jordan, Libya,
Lebanon, South Yemen, Mauritania, Kuwait, Oman, the United Arab
Emirates, Djibouti, Bahrain, Qatar and Palestine); the African
group (Nigeria, Uganda, Cameroon, Mali, Burkina Faso, Senegal,
Niger, Guinea, Chad, Sierra Leone, Benin, Gambia, Guinea Bissau,
Gabon, Comoros); and the Asian group (Indonesia, Bangladesh,
Pakistan, Turkey, Afghanistan, Malaysia, Brunei-Darul-Salam, and
Maldives).

The 0I1C member countrles, while they are all part of
the developing world, vary greatly {n all thefr characteristics.
The largest member state in area (Sudan : 2,500,000 km2) i{s 8,400
times larger than the smallest (Maldives : 300 km2). The largest
member state in population (Indonesia : 190 millions) has more
than one thousand times more people than the smallest (Maldives :
200,000).

It the GNP of the O0IC member states 1{ic consid -d,
their diversity becomes even more striking. For a total GNP of
about US$800 Billion, efight countries contribute lescs than US$!
bitlion, whereas Saudf Arabia alone contributes about 20% of the
total.

Estimates of renewable energy consumption in 0IC states
are above 30% of total energy consumption, mostly in the form of
biomass., This percentage f{s much lower for ofl-exporting
countries such as Saudi Arabla, rises to about 50% for Pakistan
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and Bangladesh, and {s above 80X in most African countries.
Therefore, it is essential! that renewable energy resources be
exploited optimally. More interest s ncw shown in most OIC
states to development of biomass and solar energy.

As solar energy technologies pass through different
degrees of development some are already commercialized, others
are technically viable, but not yet economical, yet others are
still in a stage of research & development. At present, there is
increasing interest {in solar energy applications in O0OIC
countries. However, the field 1is supported with limited
resources which led to the establishment of the necessary
infrastructure for further development. Such support s also

characterized by dispersion of efforts, repetition and
inefficiency in the utilization of the Ilimited firancial and
human resources avaflable. Ian the following pages we shall

summarize the solar energy activity present in the OIC member

states, treating each group of countries (Arab, African and
Asian) separately :

A) The Arab Group:

Algeria: In RLD, Algeriz has, since the French era, one
heliodyne of 8,4 = dlameter at Bouzareah. This 1s a solar
furnace that ¢ uld reach a temperature of 300 € at the boller,
and produce steam for a3 30 LWe thermal! turbine. Furthermore,
experiments on pumps anl photovoltalc modules and heliothermal
collectors are carried out. Also, there are plans to tuild 1CO
kW solar thermal stations. Algerlma uses solar water heating and
photoveltaic unite to power Hertzian relays, as well as pumpling
stations and desalination units.

Egypt: most R&D in Egypt is carried out at the Solar
Energy Laboratory, National Resea.ch Center (Dokki). Most work
was carrled on solar thermal power, including power generation,
desalination and drying. Photovoltalc research is carried out by
several groups In Egyptian universities. Demonstratione and
applications =zre limited to three villages wusing photovoltaic
generation to produce electricity and three photovoltaiec pumps.
Solar water heaters were introduced {n the market but did not
succeed.

The Urfted Arab Emirates: there {8 no much research in
the UAE on Solar energy but photovoltalics are used for public
lighting.

Iraq: solar energy research in lraq Is carried out at
the Solar Energy Laboratory of the Scientific Research Council
(Baghdad). Work Is carried out on refrigeration and water
treatment as well as a2 demonstration of a 300 kW photovoltatc
generator. The main applications in Iraq are production of solar
water heatere and photovoltaic cells under licence from SOLAREX.
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Jordan: most solar R&D in Jordan is carried ocut by the
Royal Scientific Society (Amman). They developed experimental
water heaters, including 2 pilot wunit of 42 =x2. They also
developed one phatovoltaic pilot station of 1 kW capacity with
measuring equipment. The main solar applications in Jordan are a
desalting station by solar distillation having an area of 150 m2
and a flash evaporator with an area of 375 =2. Furthermore,
Jordan is probably the largest 0IC state producer and maker of
solar water heaters.

Kuwait: research on solar energy in Kuwait 1{s carried
out at the Kuwait Institute of Scientific Research and to a
lesser extent at the University of Kuwait. Most research was done
on thermal application. The main demonstration unit is a 100 kW
photovoltaic pilot station.

Mauritania: the main demonstrations are two
photovoltalc pumping stations, distillers and gypsum dehydrators.
The only application is the availability in the market cf solar
water heaters for homes.

Morocco: the werk eon solar energy Iin Morocco is carried
out at the Solar Energy Research Center in Marrakech. R&D
includes a systematic study of the solar potential, flat plate
solar collectors and an experimental solar furnace.
Demonstrations (include one pV pump, two pV refrigeratore and
photovolitaic powered television.

Sudan: most R&D Iin the Sudan is carrfied out at the
Solar Energy Laboratory of the National Council of Research in
Khar toum. It includes solar dryers (75 C); four desalting units;
and four experimental water heaters (75 C). Demonstrations
include one photovoltaic pump ani one photovoltalic refrigerator.

Syrfa: R&D in Syria is Jlimited at the university to
experiments on solar applications. But an effort has been put iIn
encouraging solar water heaters as Syria is now prcducing 2,000
water heaters per year for the local market.

Tunigia: R&D in Tunisia is carrled out at the "Ecole
Nationale d’Ingenieurs de Tunis” (ENIT) and the "Institut de
Researches Scientifiques et Techniques®™ (IRST). It includes some
work on photovoltalices as well ac & demonstration of two pilot
photovoltafic stations, one of 2.9 kW and the other of 3.9 kW
capacity, and one thermodynamic power plant. Experimentation is
also carried out with medical refrigeration. On the other hand,
Tunisia produces 4,000 flat plate collectore per year.

Saud{ Arabla: solar energy R&D In Saud! Arabia is
coordinated by King Abdul-Aziz City for Science and Technology
(KACST), and carried out at the universities. Main wcrk on RLD
fincludes measurement of solar characterisgtics, solzr cooling, and
gsolar desalination. Demonstration includes a photovoltaic station
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in Al-Unaynah (near Riyadh) for rural electrification, and a
desalination station In Yanbu® on the Red Sea. Saudi Arabia also
produces pV cells and uses pV relays on highways.

Other Arab countries: the other Arab countries
(Bahrain, Qatar, Oman, North and South Yemen, Djibouti, Somalia,
Lectanon and Libya) all have some activities as wel! &s some
demonstrations in solar energy, but none is on a large scale.
Most experiments are done on water heating and most
demonstrations are on photovoltaics.

3) The African Group:

Burkina Fasa: there 1is a series of demonstrations
including 50 water heaters, 10 water pumps, 20 light stations,
and 20 pV cantrol relays.

Comoros: experiments are done on solar drying and there
is a demonstration of one pV 165 W generator.

Mali: experiments are carried out at the Sclar Energy
Laboratory in Bamako on thermal solar applications.

Niger: most R&D In Niger 1s carried cut at the Solar
Energy Laboratory In Ni{amev. It iIncludes: local study and
development of a solar dryer, a generator, a furnace, a
distiller, and the study of an experimental tlat rplate
collector. Solar water heaters are also produced in the country.

Senegal: R&D is carried cut mostly a* the Uniwvercsi® .,
It includes pumping experimentation with thermolynamic motors;,
one 10 kW th=rmodynamic stztion for rura! electrification; two 10
kW each pV power statlions. There are alcec centers for hetiometric
measurements, membere of the OMM Network. A= applicationcs, there
are hundreds of installed solar water heaters and
telecommunication pV relays. Senegal produces about £00 solar
water heaters per year, but the market s not sure.

Other African countries: there i no much activity on
gsolar energy In the other African 0!C countriec: Nigeria; Uganda;
Cameroon; Guinez; Chad; €ierra Leone; Benin: Gambiz;
Guinea-Bissau; and Gabon.

C) The Asian Group:

Malaysia: most RLD {s done at the universities or ¢
managed by the Ministry of Energy & Environment. It includes twn
pV pilot stations for rural elect-ififcation (100 to 200 W/horse);
dictillers; refrigerators; and sn.ll power dryers.

Pakistan: there are seven pV pilot pumping stations,
and efforts at encouraging solar rural electrification. Pakistan
also produces pV modulegs 2t the Natfonal Institute of Silicon
Technolngy in Islamabad.

Page 2l




Turkey: R&D in solar energy 1is carried out at the
universities or at TUBITAK, the Turkish National Council fcr
Research. !t iIncludes passive conling; 2an experimental station
for thermal collectors; a solar energy measuring station;
production of electricity and water heating. Solar distillation
is also used to produce fresh water as well as HMgSO and N §0 .

Other OIC Asian countries: there are also similar
applications in some of the other 0IC Asian countries, such as
Indonesia and Bangladesh. In others, such as lran; Afghanistan;
Brunei-Darul-Salam; and Maldives, there are no much activities in
solar energy. In general, no much research is carried out in
thocse countries in solar energy, and the different applications
are used as intermittent demonstrations from one forelign producer
or another.

9- 01C SOLAR METWORK

In 1981, OIlC established two instituticns under its
umbrella: a) the O0IC Standing Committee for Scientific and
Technological Cooperation (COMSTECH) where the 46 member states
are represented by their ministers dealing with science &
technology. The Chalirman of COMSTECH is the President of
Pakistan; and b) the Islamic Foundation for Science Technology &
Development (IFSTAD) as the executive arm for their cocperation.
The another of this article was fts firgt Director General, ard
the program described herea.ter was executed and managed by him.

COMSTECH developed a Plan of Action for inter-JIslamic
cooperation, including the establishment of a series of networks
in specific scientific applications. One of these networks deals
with renewahle energy sources.

Indeed, as seen above, few 0IC states possess the human
and materfial resources to establish the full range of activities
for R&D, training, information, and producti{on In solar energy.
but collectively they could attain an acceptable level of
capability. Similarly, expertise and information need to
fdentify problems for correct choice of R&D priorities, and
necaegsitate a collaborative, collective, and committed program
for the scientists and technologists o? the region to pool thelr
regsources to achieve real development in this area. Thus, a need
wag felt for OIC states to combine thelr activity to contribute
to and benefit from cooperation in renewable energy sources and
other fields.

COMSTECH proposed the establishment of cooperative
institution networks between different member scstates working In
specified dfisciplines, with the ultimate aim of establishing
centers of excellence. [IFSTAD then developed the mechanisms for
starting such networks.
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Th:: ratfonale of establishing retworks Is based on the
fact that correct choice of R&D rprriorities by OIC states
necessitates collective and committed actions within 2 netwcrk
encompassing as many 0IC stal'-s as possible, allowing them to
pool their various resources te reach their aims. The networks
would alsoc help save l1imited human and financial resaurces,
stimulate growth of expertice, enhance cself-reliance, and
contribute to the economic-industrial develcpment of the
participating countries.

In order to prepare the establishment of the Renewable
Energy Resources Network (RERNET) an expert group from OIC statecs
wag invited to a meeting held at the National Instiitute of
Silicon Technology (lslamabad, Pakistan) on July 29. 1986. The
working paper presented at the meeting was prepared vy Senegesl.

The Isiamabad meeting felt that renewable energy
sources are of great Iimportance tc 0IC states. Indeed, a great
percentage of energy consumed in these states is non-commercial,
mainly biomass. The inefficlent way by which this energy is used
leads to environmental degradation and desertification. It was
alsno felt that interest In solar energy nhas not been translated,
after two decades, in much tangible results. The Meeting felt
that individual efforts of each 0!I state alone wcoculd not bring
the desired results and that there I8 a need for coocrdinating
efforts in this area.

The Meeting alsoc felt the need for RERNET, and propoced
the following provisions for fte establishment:

a) RERNET shall be impleaented on a priority basis
under the overall umbrella of 1FSTAD, the sclence & technology
arm of OIC.

b) All 0IC states shall be invited to 30in RERNET and
those states opting to do so, <chall be the founding members of
this network. They <shall alsoc nominate their representative
fnstitution in RERNET, implying the establishment of an internal
national network on renewable energy sources, their
representative Iinstitution being the focal point for RERNET and
for the national network.

c) RERNET shall be managed by a board of directors
comprising representatives of member states in RERNET, whe shall
be the heads of the Institutions declared as focal polints in
RERNET by the member states. IFSTAD Director General shall he ar
ex~-officio member of the Board of Directaors.

d) RERNET ct2tes chall chare the capital cost as well

as the recurring expenditure of RERNET. In turn, ‘hey chall have
exclusive rights to the benefits of RERNET.
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e) Other OIC states may jocin RERNET after contributing
towards the capital cost incurred, =znd share in the recurring
expendi ture.

f) The centrai data bank of RERNET would alsc gain
access to suitabl!e international data banks specializing in
renewable energy, so as to provide enhanced level of data and
information to the RERNET users. Efforts shall be made to earn
extra revenue by making available the services of RERNET to 0IC
states not participating in it, az well as to non-0IC states at
the discretion of the Board of Directors.

g) RERNET shall dec {ts utmost to provide maximum
information on its capabilities to the data bank so ac to make
the service more useful. This information shall cover all aspects
of renewable energy sources such as scientiftic, technical,
economical, legal, socio-political, ccoperative, educational,
training, industrial development, etc...

h) RERNET shall develop within its own member states
the fnfrastructure for Information, collection, and
dissemination, necessary for the functicning of the national
centers declared as focal points in the RERNET Networlk.

i) The information fed to the data banlk shall be
controlled for wvalidity and authenticity both at the focal
points® level and at the central data bank level.

J) The relevance of the information obtained through
RERNET for the natfonal development proceces shall be established,
and efforts shall be made to measure the cost berefits of the
services obtained from RERNET.

k) RERNET may alsc have fax facilities for quick
exchange cf messages within RERNET.

1) RERNET members shall exchange among themcelves
technical and scienti{ffic reports on their experience, work and

facilities, on regular bases, and provide copiec of such exchange
to IFSTAD’S secretariat.

m) RERNET <=hall also cooperate 1in practical manpower
training and encourage the movement o? products resulting from
their common efforts across their porders.

The Islamabad Meeting felt that the ectezblishment of
RERNET would go 31 leng way In increasing the effectiveness of
member states 1in the field of renewable energy. It would help
them greatly save their financlal and human capabilities to
produce more effective and tangible results. RERNET would also
help 1ts member states benefit better from Internationa!
cooperation, ecspeclally between RENNET ac a whole and other
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couniries. It was alsoc believed thet a cooperative effort through
RERNET would lead to better usage of RAD in repewable energy for
socio-ecoromic development.

The worhk of the Islamabad M=eting on the feasibility,
working mechanisms and charter of RERNET was put for
consideration t:- the ministers of all OIC states at Third
COMSTECH Meeting held in !slamabad (Pakistan) on November 1886.
COMSTECH approved the Report and presented it for approval,
alongwith their decisions on other networks, to the Fifth Islamic
Summit (January 1987, Kuwait). Consaquently, IFSTAD invited al!
0IC states to Jjoin RERNET and nominate their representative
Institutions.

The faollowing countries responded in affirmative, and
expressed their desire to jJoin RERNET as founding meabers:
Morocco; Algeria; Tunisia; Egypt; Syria; Iraq; Jordan; Qatar;
Saudi Arabia; Niger; Senegal; Indonesia; Pakistan; and Turkey;
i.e. a total of 14 states, or most of the countriec that have a
program in the field of =<solar energy and renewable energy
sources.

The founding meeting of RERNET was then held in
Islamabad, Pakistan, on Sept. 27_29, 1987, where representativer
of the above 14 states were present. The Meeting approved the
RERNET institutional framework, charter, program, and budget.
Pakistan was elected as chairman of RERNET and the site aof
RERNET's secretariat wac located at the National Institute of
Silicon Technology (NIST) in I!slamabad, Pakistan.

RERNET is now two yeare old. It is still functioning
and its members meet regularly. Thus, the purpose of exchanging
information and pooling efforts in training, for which it has
been established, has been fulfilled to a certain extent.
However, the aim of forming national netweorks on solar energy for
each RERNET state as well as reaching some kind of cverall
program in which each country would specialize in z given area,

has not been reached. However, the most serious shortcoming cof
RERNET ic the fact that It ic not yet financfally autonomous. Itc
different member institutions are not sharing In 1{ts cost, and

are unable to include such cost in their yearly budgets. It seems
that most such institutions expect te rerefve from BERMNET aore
than they contribute to it, Therefore, up to now the financing of

RERNET comes from outside the Network. !t dnes appear sbvicus
that RERNET would not survive now if such funds are cut. Would ¢
survive {f they are cut after scne vyears? Tri- e +the e

~challenge fa~ing RERNET,

10- CONCLUSION

It weuwld ke o f Ditogest ta folicw Lhe prefrets of
REPMET and zimilar netwrrlie arcund the wor!d, Houecver, the szne
probleme that lead tn Inecfficlency of solzce energy programs %

applicationz in a developing country lead to the inefficiceney or
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faiflure of a network between several developing countries. Thus,
the problem of cooperation is linked to the prcblem of
underdevelopment: the more a covuntry is underdeveloped, the more
it Is unwilling to cooperate with others, =as it does not see the
benefits of such ccoperation, or is unable tc benefit from it,
as it does not have the national human infrastructure to
interface usefully with others.

One of the most fImportant contributions that could be
made by COCERA to the solar energy community 1is to pinpeoint
areas of success and failure in sclar energy cocperation around
the world. It is only when more light is shed on such efforts
that they may be more appreciat=ad and have better chances of
success.

The smaller, poorer, and less-developed countries of
the world can contribute to the advancement of knowledge and
know-how in solar energy only through meaningful South-Scuth and
North-Sovth cooperation. They should be he.ped in doing so and be
given a chance.
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