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INTRODUCTION 

1. This paper presents a very brief review of technological advances 

relating to solar photovoltaic systems and proceeds to consider the 

implications of those advances for developing countries. 

2. It should be borne in mind at the outset that at present energy 

through photovoltaic systems can only provide a very small portion 

of the energy requirements of any country, developed or developing. 

In the longer time horizon, however, solar en~rgy could be an 

important renewable source of energy, particularly to developing 

countries. The longer lead time should enable developing countries 

to formulate well-considered strategies for the application of solar 

energy. In the short term, solar energy lends itself to selective 

decentralized applications, particularly in areas which do not have 

other alternatives. The emphasis on photovoltaic systems is not 

intended to minimize conventional thermal and hydro-energy. 

I. STATUS OF SOLAR PHOTOVOLTAIC TECHNOLOGIES 

3. There are four basic areas of activity in the devel~pment uf the 

engineering and technology of solar photovoltaic systems: 

i) basic raw material, particularly silicon; 

ii) solar cells and mod~les; 

iii) balance of system (BOS) r.omponents; and 

iv) complete system engineering. 

Tt.cse areas need equal attention in ordet to effect the large-scale 

utilization of solar photovoltaic syst~ms. 

4. Technology development of photovoltaic conversion systems is 

primarily addressed througt.: (a) fundamental research on solar cells; 

(b) research and development on solar cells, particularly to reduce their 

cost and the number of steve involved in fabricating them; (c) mass 
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production technology of solar cells based on large-scale continuous 

process methods; and (d) reduction of component ~osts (though it is 

felt that sufficient attention is not being paid to this respect). 

5. Fundamental research js primarily directed to material research, 

high conversion efficiencies and studies of the physical phenomena of 

amorphous and crystalline silicon. 

6. As regards the cells, single crystal silicon solar cell te-:hnology 

is fairly well es;:ablished and understood and a number of cour:tries 

have fabrication facilities. The cells have been found to be reliable 

and technically feasible, but the main problem in their large scale 

use is their high cost. Several approaches a~e being followed to reduce 

the cost of solar cells. Technology development is in a highly dynamic 

state, resetcl>ling the situation in the semi-conductor industry some 
1/ 

years ago. Not less than n~ne technological routes - for solar 

photovoltaic cells have been reported based on silicon, gallium arsenide 

and cadmium sulphide. These routes relate to: single crystal silicon 

that is sliced; silicon ribbon that is pulled through a shaping guide 

directly out of the melt; ribbon technology based on the dendritic 

growth process; u.3e of ceramic substrate; heat exchanger method; 

semi-crystalline method; cadmium sulfide; amorphocs silicon; and 

concentrating. 

7. A technical panel on solar energy thought that ccncentration systems 

would have relatively little future since the cost of concentrators is 
2/ 

more or less constant. - In the not too distant future, concentration 

would not be cost-effective. Polycrystalline solar cells and the singl~--cry£tal 

ribbons have great promise, although the production techniques of 

single-crystal ribbons are far more complicated. Cadmium sulphide thin-film 

solar cells have a promising future, provided the rtegradation problems 

l_/ Paul Maycock in Alternative Sources of Fnergy Conference in Sept. 1980; 

'.!:_/ P. 9, Report of Tecnnical Panel on Solar Energy on its first sessic:t, 
A/CONF.100/PC/ll. 

l 

I 
I 

-----t-
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sulphide solar cells. Amorphous silicon cells have promise if 

efficiencies and reliability could be improved. 

8. Improvements in efficiencies of aioorphous silicon have been 
3/ 

reported,- with RCA reporting on its 10.l per cent cell and at least 

nine comp~nies reporting efficiencies above 7 per cent. It is anticipated 

that amorphous silicon photovoltaic panels will be introduced by the 

Japanese in the spring of 1984, probably first in consumer electronics such 

as watches, calculators and cassette players. Manufacturing costs of 

less than US$ 1 per peak Watt are projected for photovoltaic panels made 

with amorphous silicon or other thin films such as cadmium-teluride or 

copper-indium-diselenide. How soon these panels could be commercialized 

is, however, a matter of considerable debate. 

9. Assessments keep changing, given the dynamic state of technological 

development. A recent forecast for 1990 concluded that non-silicon 

cells will have only a five per cent share of the photovoltaic 1Jlarket, 

with single crystal silicon cells hoiding 40 per cent.!!..../ It appears 

that though shares will be obtained by different technological 

routes, the shares would be largely determined by the conversion efficien~ies. 

}_/ Solar Energy Intelligence Report, October 11, 1982, p. 330. 

!!_I Paul Maycock reported in Solar Energy Inttlligence Report, 
June 14, 1982, page 1~5, "Maycock concluded that: (1) Concentrators 
using single-crystal silicon cells will gain 20 per cent of the 
world market by 1990, comprising half the 40 per cent share mentioned; 
(2) Polysilicon slices will gain another 25 per Lent of the market in 
the world as low-cost silicon is used and 14 per cent cells are made 
for US$2.50 per Wp in 1990 module prices, but lower efficiency than 
single-crystal modules will limit market penetration; (1) Sheet silicon 
will gain 15 per cent of the market as the output level of edge-·defined 
film-fed growth and dendrites is hroken by a new high-speed process 
resulting in polycrystal cells, market penetration of slice opti~ns 
is equalled by 1988, and sheet modules have a 12 per cent efficiency 
and are priced at $2-2.50/Wp in 1990; (4) Amorphous and thin-film 
silicon can gain a market share of 15 per cent by 1990 when they will 
be available for $2/Wp at 10 per cent efficiency; and (5) Non-silicon 
option will obtain a 5 per cent, with the best bP.ts today being 
cadmium-telluride and coppe.:-indium-diselenide, but the electrochemical, 
luminescent and other "ne'tl" approaches are "not likely to gain product 
status by 1990 as fundamental fai:u~e mechanisms in very thin films 
adversely affect market acceptance." Maycock also thought that the 
cost reduction goals of the De?artment of Energy of the United States 
will not be met by 1986. 
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10. In this con~ection, it should be recognized that higher efficiencdes 

uot only produce economies in themselves but also more ~hen proportionate 

savings in the balance-of-system cost. It has been reported that balance

of-system costs will likely account for half of the system cost in f Jture 
5/ economical applications.- However, research on balance of systems is not 

as much reported as th3t on cells. 

11. The range of technological effort required is illustrated by the 

'Sunshine' project in Japan which includes besides fundamental research 

and R and D on solar cells, R and D Jn cell fabrication technology, testing 
6/ standards and procedures and photovoltaics power systems technology.-

f' 
12. A brief review of the international technology market on solar 

photovoltaic systems would be in order.I/ 'fllere is an estimateJ 300 

to 400 firms world-wide involved in various parts of the industry. Most 

of these are concentrated in OECD countries, particularly in the United 

States, France, Federal Republic of Germany, Japan and Italy. Less than 

10 per cent of these are reported to be actually producing cells on 

a commercial basis. However, up to twice that many firms, are either 

currently poised to mov"! into raw material production or cell fabrication 

or alse are primarily involved in R and D efforts which may lead them to 

~ODU"" ccialization at some time in the future. The largest groap of firms 

world-wide are multi-product firms, supplying the balance of system 

components. While at this end of the spectrum entry of small firms is 

possible, in regard to photovoltaic cells production, the trend appears 

to be towards much slower rates of entry and increasing concentraticn of 

market shares, particularly because of increasing investment intensity 

for both R and D and production. The small independent firms, specialized 

in production of photovoltaicJ are the losers. 'nley have either succumbed 

to substantial losses or more commonly to take over bids by large inter

national companies. Such lar&e companie& included oil majors, electronic 

firms working in similar areas in the semiconductor production line and 

other big companies. There is no perceptible trend towards off-shore 

production in the developing countries as was the case in the electronics 

industry in the 1970s. 

5/ SolRr Energy Intelligence Report, October 11, 1982, p. 331; 
""§._! ~:iyoshi Takaha9bi, "Present Status of Photovoltaic Research and Developmeftt 

in Japan" in Solar Cells, Vol.6, No.4, September 1982; 
J_/ lnformatich1 provided by Kurt Hoffman. 'nle nature of the international 

solar energy technology market can also be seen illustratively from 
thz Directory of solar equip~nt illanufacturers, UNIDO/IS.340. 

l 
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II. IHPLTCATIONS FOR DEVELOPING COUNTRIES 

13. Solar photovoltaic e..~ergy sources produce direct current electricity, 

directly ~rom solar energy; their maintenance requirements are minimal 

and the de.nise ~f a single unit does not shut down tte whole system. 

Unlike all other sources of generated electricity, the cost per unit 

of electrical energy generated does not depecd drastically on the 

capacity of the photovoltaic energy unit installed. Therefore, small 

stand-alone units are just as viable economically as large and centraliz~J 

units, at least at the present level of technology. The possibility 

that the user himself is responsible for the supply of his own electrical 

energy requirements, with little dependence on external agencies for fu€l 

or maintenance, is very high. All these advantages make solar photo

voltaic energy sources eminently suitable for use i~ areas which are not 

connected to the electric grid ~nd which are not likely to be 

connected to it in the near future.~/ VieweQ from this pers?ective, 

solar photovoltaic energy sources would be highly relevant to 

developing count:ries. 

14. Solar photovoltaic energy sources can be developed either as 

cetltralized or as distributed systems. In table 1 the possible 

development schemes of solar photovoltaic energy sources are linted. 

At present, the centralized schemes have little i;nportanc·~. Of the 

three schemes of distributed sources, toe coD1D11nity-based and the 

user-owned stand-alone &ystems are of importance. The cClncept of 

user-owned stand-alone systems connected to a utility grid is of 

less relevance, primarily because distribution gr1da are unavailable 

in most places. 

§j T.K. Bhattacharya, "Solar Photovoltaics, an Indian Perspective" 
in Solar Cells, 'lc.il.6, No.3, August 1982, p. 253. 



- 6 -

1'ABLE I 

Poai'.>le deployment schemes for solar photoYoltaic energy sources 

Natun 

Centralized Solar Power satellites 

Land-based centr-al power 
atations 

Po-r lewl 
(MW) 

5000 

100 

Slahu 

Fantasy 

Future 

Diatributed Community integrated and (10 -100) x 10-3 Technically 
feasible; few 
attempts so 
far 

owned• (Usage: residential loads, 
Potable water, cottage industries, 
community services, perhaps 
alao irription) 

Utility (grid) connected 5 x 10-3 On the 
horizon atand-alone user owned 

(<Jsace: residential loads) 

UNr-owned stand-alone 
(Usace: irrigation. lightinc, 
industrial applications such u 
coalinunication.'i, reir ote 

1x10-1 Technically a 
reality; 
economically 
uncertain 

area elech'onics etc.) 

(Source~ T.K. Bhattacharya, "Solar photovoltaics: An Indian 
Perspective" in Solar Cells, Vol.6, No.3, August 1982, p. 254) 

Possible photovoltaic applications in rural areas of developing countries 

are shown in table 2. 

TABLE 2 
Photovolta:c applications in rural areas of developing countries. 

Application tote1ory 

Water pumping 

Rdriceration 

Lich tine 

Communiutions 
Pood prepuztion 

Cotta1e inccstl}" 

Typkal """ 

Potable •-ater 
lrription 
Fuod preservation 
Drut and vaccine presen·ation 
H.>mes 

Work areas 
Educational T\' 
Millin& 

Decortication 
Metal or •·ood formine 

aao m toul dynamic head. 
11For 5 m held; 603 field efficienC}·. 
• Anrap UM 2 b per nizht. 
•22 WT\' Ml, 4 h o~ration per day. 
•I h operation per dty. 

l'V tY•terre po11:errequirement1 

0 08 w 1-1 d-1 • . p . b 
85 \\'p (ha mmf1 d-l 
100 Wp per 5 lt2 refrigeral'.>r 

16 \fp per 20W' nuorescent 
lampc: 

.CO Wp per TV set• 
3.5 Wp per ltilo~z.m of flour 
per day 

2.0 ltWp per 1 hp motor• 

(!>ourcc: Louis Rosenblum, Williact J. Bifano, Gcralc! r. Hein ancf 
Anthony F. Ratajczak, "Photovoltaic power systems for rural 
areas of developing countries", ~lar Cells, Vol. l, Number 1, 
November 1979, pp. 65-79) 

l 
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15. A photovoltaic power system typically consists of a solar 

cell array, energy storage and regulation and control devices. 

The solar cell array structure ~erves as a means of integrating 

the relatively small, low-power, low-voltage modules into a 

useable assembly (the mocule is the basic building block and 

contains a number of solar cells, electrically connected and 

encapsuled in a supporting frame). It mechanically supports the 

modules and provides routing and attachment points for the wire 

harness which connects modules and collects power from the array. 

Ene~gy storage typically consists of a number of lead acid cells 

~onnected in series :rn.d/or parallel to provide the desired voltage. 

Sufficient storage capacity and voltage regulation are needed for 

effective functioulng. For 111.1ltiple applications, additional control 

features are required to manage the multiple loads. 

16. Table 3, wh~ch is presented on page 8, shows sorne applicatlon 

projects attempted in rural areas. 

17. The foregoing indicates that the potential for developing countries 

is great and that selective applications are feasible. However, a 

number of questions have to be addressed. Firstly, the question arises 

as to at w~at stage of the declining cost curve should the developing 

countries enter. The price at which the applications will b~ 

cost-effecti.ve will 'depend on the opportunity cost which will vary 

from country to country (in relation to the fuel and electricity prices) 

and according to the type of application. Developing countries.have 

to closely watch the development of the technology and particulariy 

the reducti.on in costs. In general, the question arises ~hether, considering 

the declining coats, the developing countries should refrain from 

makJ.ng major long-term coDDDitments for the acquisition of technology. 

As3es~ments from a cevelop~g country point of view of alternative 

technologies for manufacture of cells and of alternative systems are 

needed. 

l 



TABLE 3 

Photovoltaic application 

u.,. 

Sin;:lr application1 
Co:nmunica· Educational TV 
tiona 

• ltrrrl w••rnllon l•'oml pn•11rrvnLl11n 

• RrMi:rratlo11 Mrdical 

• Jn11trumcnt Wr.nth<'r tlnt.n 

• rn11hwny Ou11l 11Lorm wnr•1ln11 idi:n 

•Instrument ln11cct 11urvcy Lrapa 

• Rt!Crii:cralion Wntcr cooler 

Clri.trr r.pplicatfonw 

r;,,,.,. 

Govrmmcnt 
or lndin 

Nnt.11111111 l'nrk 
S!'rvicc 

JJntr 011r.ralin11al 

July 1976 

,Junr. 1 !170 

Vllln1:r rt'~l1h•nlA, .July 1070 
l'n1mi:o trlhr 

Nnl ionnl April··SrJ>lcmhrr 1977 
W1•nlhrr Srrvicc ' 

''••p11rl11wnL11r /\prll 11177 
T ·11nMJH>rl, 
'•ri1.onn 

DcpnrLmcnt or May 1!>77 
Al!riculturc 

Tnlrrai:ency October 1977 
Vi~itor·Crnlcr 

• )~irr. lookout 'rwo·wny rndiu, rrrrii:rrnlor, l~nrr11L Krrvirr 
lii:htln11, 11e1l11hlc• wntr•r 

Ort ohrr 1 fl71i 

• Vllin11r powrr rolnhlc· w11tc•r, lh:hti111t, 
rcrrli:ernlion, wn~hlnt.: 
machine, sewing m:ichine 

bViJlage power Potable water, i:rain milling 

Villnrw rr~i1lo•nl.ol, D1•r1•111llC'r 1 !)714 
rnpnl(o Lrille 

VillnR"e rc~itlent.. February 1979 

•h~ or the DOE Testa and Applicatio~ Project, manai:ed by LcRC. 

J,ocalion 

(1) Ahmednbnd, India 
(2/ Snml>nlJlur, lndin 

liilc Hoynl<', Mlchi1111n 

/-\ii Nnkyn, /\rl:w1111 

(1) Nrw M<'xico: 
(2) II.cw York:(:l) llnwnil: 
(·I) Aln11kn: (r.) Mninr: 
(Ii) Fl nrl 1111 

CnNn <:r11n1I,., /\rlzon11 

College Station, Tcxu 

Lon11 l'inc, Colirornin 

(1) l'ilol l'rnk, Cnllromin 
(2) Antelope rrnk, Cnliforni:i 

Sr.huchuli, /\rlzonn 

l'o w!'r lcr•rl 
(Wp) 
--

55 
lil'i 

220 

:l :rn 

7 5 • 1 l'iO 

I Iii 

23 and 
1G3 

'141i 

2!M 
2!l·I 

:moo 

Tangaye, Upper Volta, Afrlco 1800 

bSpon~orcd lly the AlD. 

00 
I 

SourC'e: Louis Rosenblum, William J. Bifa:1C", Gerald F. Hein and Anth1.my F. Ratajc:r.ak, "Photovoltaic power systcns 
for rural ar~as of developing countries", Solar Cells, Vol.l, Number 1, November 1979, pp. 65-79) 

_J 
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18. A related quescion is whether and wnen develuping countries 

shou~_d enter into :aanufacture or whether they should confine 

themselves to applications. Surely, developing co~ntries with the 

requisite capit~l ~_nd skills would be interested in their own 

manufacturing cat-ability. Pilot facilities already exist in a few 

developing countries. Besides, a distinction has to be made 

between manufacture of solar cells and that of the systems. It 

should be noted that apart from the facl that ~he systems should 

be suitable tu developing country conditions, considerable value is 

added in building up the systems. These capabilities should be 

developed in the developing countries. 

19. The development of applications is needed whether or not a country 

will take up manufacture of cells and systems. Here is a need to 

asses:> the experience gained so far through pilot applications. Besides 

the te~hnical_, economic and social problems in the introduction of 
10/ applications should not be minimized. ~ It may be necessary to 

stimulate the interest of both producers of solar energy equipment 

and their users. The encouragement of innova.tive firms may also be 

nece&sary in thh; process. 'The public sector in the public services 

area could be large users for sel::!ctive applications and these 

possibilities should be fully utilized. 

20. There is a so~ewhat paradoxical situation that though solar 

energy is abundant in the d~veloping countries and hence it is 

those countries which will be the main consumers of the technology, 

the produ~tion and R and D efforts are concentrated in th~ d~veloped 

countries which look to the developing countries as potential markets 

which would permit large-scale production and reduction in co8ts. 

This fact combinP.d with the competition that exists in this technology 

provides the developing countries with a certain cargaining strength 

which needs to be effectively used. In this connection, a proposal 

10/ According to Markus, a combination of technical, social and financial 
obstacles makes it likely that most developing countries w:f.11 chonse 
the co11ventional energy systems; among other reasons, 11 :!.t is very 
difficult for renewable energy applications focussed at village level 
to make s '.zeable reductions in oil imports". World Solar Markets, 
August 1932, p. 4. 

l 
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made recently needs to ~e mentioned, viz. that ~egional and international 

organizations could guarantee large-scale purchase of photovoltaics in 

a way that can reduce the cost and make it acceptable to developing 

Countries . .!.!/ c f 11 d 1 1 h -~ h id are u y use , arge-sca e pure ases oil.Lg t prov e 

a bargaining power. Ineffectively used they might accentuate techno

logical d~pendence. Som~ collective negotiating strategies on the part 

of developing countries may b~ useful in regard to this question. 

21. It is useful to refer here to the experience of developing countries 

in the importation of photovoltaic systems. For example, in most 

Arab cour..::ries "their solar energy plan becomes completely integrated 

in the overall development plan of the industri"il power rather than 

with neighbouring countries which might have similar conditions vis-a-vis 

solar energ; " 12/. In Mexico, the anarchy iu the intemaaonal price 

structure (owing to variations in quality~political aspects and dumping) 

is reflected in the local market, resulting in the overexploitation of 

a weak market. J:l/ Commer~ial activities, though introduced since 1972-73, 

have not contributed to the development of indigenou~ photovoltaic 

know-how even when they have given some knowledge of system design, 

installation and operation. 

22. The strengthening of technological capabilities of developing 

coun~ries is obviously essential. That capability should extend beyon1 

research and development to selection, negotiation and acquisition, on 

the one hand, and systems design, applications, marketing and servicing 

on the otl-er. At least 18 research institutions in 13 cou'!ltries have 
1· I 

been repor:ed to be wor~ing in photovoltaic conversion. ~ 

.!.!/ 

_1!:_/ 

E.g., R~codllllendation of li Pan-American Congress on Energy hosted by 
Pan-American Confederation of Engineering Associates (UPADI), reported 
in Solar Energy Intelligence Report, September 27,1982, page 313; 
M.A. Kettani, "Pbotovoltaics in the Arab World" in Solar Cells, 
Vol.6, No.3, August 1982, pp. 239-249; 

J:l/ E.J. Perez and J.L. Del Valle in "Prospects for phvtovoltaics in 
Latin America: The Mexican Case" in ibid, pp. 281-293; 

l!!_/ Sec Directory of Solar Research Institutes in Developing Countries, 
UNIDO/IS.341. The countries are Algeria, China, India, Ivory Coast, 
Jordan, Kuwait, Mali, Mexico, Nigeria, Pakistan, Saudi Arabia, 
Singapore and Yugoslavia. 
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The question is how their capabilities could be upgraded and an 
15/ exchange of experiP.nce promoted among them. ~ Such exchange of 

experience should extend to testing of prototypes, running of 

pilot pr~jecta, et~. In view of the long-term impor~ance of solar 

energy to developing countries, it is for consideration whether 

a consultative group on solar energy, research and application 

(CGS~~) may be established. That group could draw upon the experience 

of top-level s:;>ecialists in this field as also development specialists 

and stimulate co-operation among research institutions, particularly 

in developing countries, assess the experience of projects in 

developing countries and identify sources of fun~ing for research 

and development including the building up of appropriate systems. 

23. Since large-scale application of photovoltaic technologies 

would appear to be still a decade away, it is important that 

developing countries utilize this period effectively in buildi,g 

up their capabilities, carefully assessing alternative technologies and pilot 

projects and achieving t:eic:n~ological self-reliance in this area. Thus 

the 1980s and particularly the next five years will be a crucial 

one for developing countri~3 and for the nature and direction 

of the development of Lhe industry as a whole. 

};2_/ Pakistan is implementing a UNIDO executed project (funded by 
UNFSSTD) on silicon technology. On projects of photovoltaic 
arplicat:f.ons in developing countries see Solar Cells, Vol. 6, 
No.3, August 1982. 

l 
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