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INTRODUCTION

Energy and Socio—Econoaic Developaent: -

Socic—economic development calls for adequate supplies of enerqy
in suitable forms and at reasonable cost. Tackling the energy
issue cannot be done in isolation as it interacts with many other
economic and social issues. Forecasts of total energy demand
need to be broken down into the main categories of consumpticon,
e.g. industry, transport, urban doméstic and rural. Economic
arowth and social development affect enerqy demand in the
diffé}ent catggaries and the effect itself depends on the stage
cf development and the standard of living. However, all enerqy
forecasts conclude that energy demand will continue to arow in
most countries and most sectors. Satisfying this demand could be
achieved in different ways. Although government policies clearly
have an impact on the pattern of energy supply and demand, the
availability of resources as well as socic—economic factors
probably have a greater impact. Generally speaking enerqgy
policies aim at ensuring the availability of adequate supplies of
the various forms of energy at socially-acceptable prices (both
to the individual and to the community), in the long run, while
making maximum use of nationally-available resources, and safely

guarding the environment and public health.

The Energy Scene:-

Unfortunately, the energy scene is characterized by unexpected
changes of far-reaching consequences, e.g. the two waves of oil
price increases in the seventies, tne drop in the oil prices thic

decade, the discovery and expléitation of new natﬁral sources of




fuels, or the fluctuations in hydrb-electric supplies due to
climatic changes. Although the issue of adverse environaental
impacts of- thermal power stations and fuel—-burning transport
vehicles was raised and discussed for more than a decade, it is
now vreccognised as a serious problem at the global level - a
problem that needs urgent and drastic action. Consequently,
long-term energy policies need to be unusually flexible to allow
for the apparently inevitable uncertainties in initial local  and
internaticnal assumptions and estimates of supply and demand.
However, it would be wrong to conclude that the world is  running
out of energy, even though sericus shocks and surprises will
undoubtedly occur. Sound R % D policies provide a major  element
in formulating the best response to higher energy costs.
Government policies in this area are the deciding factor in
determining which technologies are developed and how fast they
are developed —~ there is just no single or simple “technological
fix" in <such wvolatile and very diversified situations in
différent countries or regions, and different sectoral contexts.
The flexibility of most economies and their ability to change the
mi%x of energy demand is very limited in the short run. The
demand is determined 1largely by the mix and design of the
national stock of energy—consuming equipment. This highlights the
priority of boosting energy supplies within the above mentioned
constraints, particularly cost and environmental impacts. In such
a situation, it is only to be expected that renewable energy
resources are seriously considered for increasing energy supplies
- even though at an initially high price. Higher energy prices
are neither a crisis, nor the core of the energy problem. 1If
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energy prices to consumers are he1d> artificially 1low, the
problems associated with import dependence in poorly-endowed
countries, or even inordinate increases in local consumption in
the energy—-exporting countries, will become even more serious

than any "crisis" associated with proper pricing policies.

Renewable Sources of Energy:-—

New and renewable energy vresocurces occur in nature and in
different forms of indefinite duration. Solar and wind energy,
hydroéawer and biomass energy are the most promising renewable
rescurces forApresent and future uses. The basic scientific
principles of exploiting these resources have been known for some
time. However, recent scientific advances, such as in the field
of semiconductors, have opened np a variety of new approaches to
the ec'ution of several technological problems in harnessing of
renewable energy vresources for day to day use. Increasing oil
prices have stimulated interest in the seventies in these new
resources all over the world, including developing countries.
Significant advances in harnessing sclar energy were achieved.
Even fhough interest seems to have wavered somewhat in the early
eighties. Almost all countries now have active R & D programs of
one sort or the other in renewable energy rescurces. Yet the more
substantial demonstration and deployment examples have been in

developed countries or the more advanced developing countries.

Solar Energy Technologies:-
Solar energy car be harnessed for practical purposes in different
forms: as heat, in water heaters or water desalination stills,
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as wmechanical energy, through a thermodynamic cycle, or directly
as elect}icity, through photovoltaic cells. Seclar water heaters
are now common all over the world. Thermodynamic conversion
suffers from basic theoretical constraints, particularly the low
thermodynamic efficiency, as well as practical engineering
problems in equipment desiagn, manufacture and operation. By
contrast photovoltaic conversion is relatively simple, does 1ot
involve complicated moving parts, and is consequently more
reliaPle.

A-lthough the photovoltaic effect has been known for decades,
it was only in the 1950's that it was applied in the power supply
for satellites. The material used then, and which is still
commonly used now, is silicon in  its crystalline form. Since
then the technology has found many applications for several less
sophisticated vpurposes. Meanwhile, the cost of producing
crystals and their efficiency of conversioin have been improving.
Efficiencies now are within the range 10-127Z for thin—film and
around 207 for single crystal cells. Cost is expected to come
down from around $100 /pW in 1370 to about $2 -2 /pW. This
approéch suffers from certain drawbacks. The fabrication of
crystals is energy intensive and involves very high temperatures,
in excess of 1,000°C. Furthermore, the process of slicing the
resulting crystals into wafers involves considerable 1loss of
material produced at appreciable cost (up to 50% or more of the
original). Consequently, the energy payback period (operating
time needed to recover the energy used in fabrication) is almost
equal to the lifetime of the cell, although this is considerably

reduced to “ribbon" cells. g .

fpvren




R AN R B O RN AR R SR

Amorphous Silicon:-

Several approaches have been developed to overcome these
difficulties. One of these is thin film systems, whose
per formance depends on the support structure and the availability
and cost of material. The primary material currently in use |is
amorphous silicon (a-Si) based alloys. The most common technique
currently used to produce amorphous silicon film is the glow
discharge (5D) method, where Silane (S5iH,) gas passing between
two electrodes 1is decomposed by the plasma created by the
electric field and silicon is deposited on a substrate.

Amor phous materials - especially hydrogenated amorphous
silicon — are better absorbers of sun rays than «crystalline
materials. The fabrication techniques are fast, not energy
intensive, require much locwer temperatures (around 300<C) and
lend themselves to the production of large area panels on glass
or stainless steel substrates. The stainless <csteel substrate
results in 1light, flexible and rugged panels that are easier to
handle. In contrast to the absence of a size limitation on the
deposition area, crystalline silicon is usually prepared in
wafers of S in. diameter. Consequently, a-Si:H is most suitable
for large area applications where high speeds of operation are
not of paramount importance. The maximum efficiency of a-S5i
cells occurs at temperatures of about €0°C, while that of
crystalline cells occurs at a much lower temperature. This means
that their efficiency at usual operating temperatures in the
field is reduced to around 8.5%.

Stability is an issue in the commercialisation of solar
cells,. Degradation has been observed in a-Si:H cells and is a
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function of the operating conditions. This has been linked with
the so—called "Staebler-Wronski" effect which seems to be causéd
by recombination of excess carriers. Some of the degradation
phenomena ﬁave been linked to oxygen impurities in the device and
inherent stress of the film resulting in breaking socme cf the
weak Si-Si bonds. However, original per formance can be restored
by annealing for a few minutes at a temperature of about 150=C.
Since operating temperatures in the field are 1in the range
50-80°C, this effect is sel f-healing tc some extent. Degradation
can :also be engineered cut of the device, through reducing film
thickness and vertical stacking. This is <claimed to reduce
degradation over 20 years toc less than 10%.

Table I gives an overall summary of the current situation in
PV technologies. This highlights the advantages of amorphous
silicon compared to other technologies. The main problem with
the technology has been the high cost of production and the
sophjsfication of ghe manufacturing process relative to the lower

conversion efficiency.




THE_NEED FOR A GLOBAL APPROACH TO
SOLAR ENERGY APL ICATIONS

International Trends in Amorphous Silicon Research,

Developaent, Demonstration and Deployment (RDD&D):-

Intensive research effort for more than a decade has brought
PV technology “"down to earth" and confirmed it as the leading
solar technology in power applications. Terrestrial applications
now stand on a solid theoretical foundation, conciderable
experience with production technoclogies and useful feedback from
the field. The most striking achievements kave been in  the
development of cell materials resulting in steady improvements in
efficiency. At the same time, there have been several new and
better processes for producing cells and panels more conveniently
and cheaply.

Research effort continues unabated and now concentrates on
optimising cell materials, cell designs and systems. In almost
all industrialised countries, government experditure on FY
research has increased over the last few years. Industry is also
investing heavily in new processes and designs. Last year there
was aﬁ almost incessant stream of new records in efficiency, cost
and technical improvements.

As an example, the "Amorphous Silicon Fesearch Project”
(ASRP) was initiated by the US Department of Energy (DOE) in
1983, to improve the efficiency, throughput and stability of
a-Si-based PV's. A five year research plan (1984-1988) was
drafted and implemented by the “Soiar Energy Research Institute”
(SERI). This was followed by a new 3-year multi-disciplinary
programme of cost—-shared research for further developmant of the
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technology. The total funding for the period FY 1987-1983 was
about $ S0 million. Consequently, there have been rapid
improvements in cell and module efficiencies. While the
efficiency of a laboratory cell was nowre than 27 in 1976, it
reached 127 in 1987 for a single-junction cell, and should touch
1SZ in the 1long run. Two-terminal multi-junction devices, both
tandem and triple-junction, have already recorded efficiencies of
12.7%. SERI measured an efficiency of 13.3%Z for a triple—junction
device consisting of twoc top cells of a-8i:H:F on top of
a—Siéé:H:F alloy with a band gap of 1.45 eV. Work is proceeding
on four—terminal multi-junction devices with a-Si:H as the top
cell and low band-gap materials for the bottom material.
Meanwhile, modules are becoming larger in size and their
effective areas are as hich as 957. of the total area. The
efficiency of 1000cm® submodules has reached more than 9% in the
laboratory. Fig. (1) 1indicates the progress in improving
efficiency of conversion since 1575.

While total shipments of a-Si:H at the beginning of the
decade were almost non-existent, they were estimated as S5.4MW in
1984, rising to 11MW in 1987, or more than one third of the total
PV market worldwide, although most of this was for small consumer
products. However, a-Si:H modules are now finding their way in
more substantial power systems used for lighting, pumping and
refrigeration.

There is little doubt now that there is a significant market

for PV systems. A recent publication of the US DOE <*> shows

* Photovoltaic Energy Technology Division, US DOE: Investing In
Success, January, 1989. . :
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that the PV market in the Us alone is approaching $200 aillion in
sales, and 10MW of power in'mcdule shipments per year. Worldwide
shipments last year are estin;téd at nearly 40MW. Japan has bheen
at the forefront, although total shipments seem to have remained
rather fflat last year. Eur opean sales are picking up,
particularly iﬁ Italy, Spain'and Greece. The same trend can also
be seen in countries like India, Australia and China. AS the
market expands, cost will be reduced and rarket penetration will
increase, resulting eventually in the installation of the first
large energy supply systems.

dpart from the applications in devices such as calculators
and digi%al time pieces, PV systems are test suited for
stand—alone and distrvibuted, grid-connected power units in remote
regiéns. In inaccessible locations, stand—alone PV systems are
the only viable alternative. Even when diesel alternatives
exist, PV systems have frequently proved to be more reliable and
cost-effective over the lifetime of the'gystem, when loads are
cmall and operation and maintenance (O%M) are important. A study
of more than 2700 remote, stand-alone systems in 45 countries
showed PV systems to be well accepted by the users, reliable,
requiring ' little maintenance , and independent of fuel
supplies<t?.

As the cost of PV modules drops tc $2/uW, they will begin to
invade the utility market. Some observers<®? expect the utility

market to dominate PV sales by the turn of the century. The most

<i> p. Eskenazi, D. Kremer, L. Slominski, in Proceedings of the
[ a t 4 , 1987.

c2> {,M. Huboardj. Photovoltaic Today & Tomorrow, in Science, Vol.
244, 21 April, 1989.




obvious candidate is the small power market where the
economic advantage ic clear in the tradeoff of FV system costs
versus those of transformers and 1line extensions, or vhere
customers have to pay for line extensions, or where they would
reduce demand charges, or where the supply of extra energy is
needed at the end of an existing line which could not carry it.
Inspite of their economic vigbility and obvious advantages,
FV power <cystems have been slow in penetrating the market. The
technology is still unfamiliar and there is an obvious need for
subst;ntial promcticonal effort to acquaint potential users of its
benefits, as well as to dicnel wmisconceptions, that are not in
tune with recent developments, concerning overall cost  and
reliability. In developing countries, market penetration has
depended heavily on government policies, as well as those of

foreign, regional and internaticnal funding agencies.

The Economics of Solar Energy:

Comparing the cost of sclar energy with other <ources is
complicated by many factors. Nonsol ar energy involves
substantial 4externalities", such as environmental damage, of the
vulnperability of importing fuele, that are not directly reflected
in prices., Furthermore, and as mentiocned earlier, (p.2), energy
prices are often distorted; future prices of nonsoclar energy are
difficult to predict, and changing over to soclar energy is
resisted because of the changes it could involve in established
ways of doing things.

In most cases, solar energy systems have higher initial cost
and lower operating'costs. The compariscn now focuses on whether
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the savings in fuel costs offset the higher initial capital cost.
This requires a “present value" estimate of the costs and
benefits, corrected for inflation and discounted at “real" value.
The discounting is needed to take account of other investment
opportunities yielding future benefits; greater than the present
costs. Unless the discounted cost savings cof a sclar system are
at least equal tc its capital cost, larger future benefits <could
be obtained from other approaches for investment.

However, present value calculations are made difficult by the
uncert:ainties involved in estimating future energy oosis, the
durability and mode of operation of the soclar syst=m  and
evaluating alternative investments.

Most short—cut methods are thus misleading, if nct down
right wrong. Comparison of capital cost per unit peak capacity,
needs to take into consideration the duration of availability of
energy. Calculating annual capital charges of the solar system,
including ?nterest and depreciation, per unit energy pgroduced
over a period of time (e.g. {/Kwh), takes intc consideration the
durability of the equipment. Yet this is strictly true oniy if
the quantity and value of energy does not vary with time. Valid
economic comparisons need to take account of the type, timing and
value of the energy substituted for by the sclar system in order
that a complete present value calculation can be carried out.
Fig. (2) highlights the distortions in cost comparisons of FV
systems due to pricing electricity supply at less than its true
cost.

Whatever method is used for comparing the economics of solar
systems with the systems they displace, capital investment looms
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large in the calculation, particularl§ as experience gained with
the operation of solar systems provides increasing evidence of
their reliability in the field and low maintenance costs. Table
(2), compiled by the US Department of Energy in October 1988,
compares the coperation, maintenance and fuel costs of dif ferent
power generating alternatives and highlights the superiority of

PV systems.

Solar Energy and the Environment:—

‘Solar energy has been the instigator of many ongoing
processes in the biosphere frocm times immemorial. By «contrast,
energy from the combustion of fossil fuels or nuclear fission is
man—induced and very recent. Although it canncot be categorically
stated that sclar energy systems are absclutely benign to the
environment, it is undoubtedly far less harmful than conventiocnal
energy systems. This has been dramatically highlighted by the
accgmulatgd evidence of global warming and its far-reaching
environmental consequences. While curtailment of the use of
chloro-fluorc—carbons (CFC'’s) is already in hand, there is as yet
no Qlobal strategy, let alone a feasible plan, fo. -utting down
on the harmful emissions from conventional power plants and
transport vehicles. A scientific meeting held in Toronto last
year called for a 207 cut in emissions gf carbon dioxide by the
year 2005, and a S0%Z cut by 2025. In fact, carbon dioxide
emissions by OECD countries have increased by 4% a year over the
period 1960-1972, and by 1.5% after the oil price hikes and the
proliferation of nuclear plants. Estimates are that emissions
will continue to increase by just under 1% a year from now on.
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Account needs to be taken also of the fact that the growth in
energy consumption in the future will come mainly from the
developing countries.

An alternative approach is to improve the efficiency of
energy use. 0One estimate of the manner in which commitment to
stabilising future warming by the year 2060¢*>, stipulates an
annual improvement in the efficiency «f energy use of 1.7 — 2.4%,
in industrial countries, and 1 4 — 2.3% in developing <countries.
This «could be achieved with the best technologies existing today
if the prices, in real terms, of fossil fuels quadruple and those
of cocal triple!

It is perhaps in developing countries that solar energy will
have the greatest impact on the environment. This impact would be
greater in rural isolated communities if rugged photovoltaic
systems could be made available fcr the day-to-day power needs of
such communities, e.g. lighting, water pumping, refrigeration,...
etcr This would contribute significantly to halting the massive
desertification that hae occurred in arid and cemi-arid areas,
restore some of the plant cover and cortribute to food

proddction.

The Need for an Integrated Global Approach:-
If a-Si solar energy systems are:
= more benign environmentally

- increasing in efficiency of conversion

(1) by Irving Mintzer of the World Rescurces Institute (WRI) to
be published shortly.
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- becoming more rugged and troublé free

- easy to install and commission in short time intervals

— decreasing in cost of production

- easily applicable to a variety of energy needs

— unaffected by fluctuations in fuel prices,
then there is every reason to conclude that we are poised for the
long—awaited breakthrough in its widespread utilisation. The
need now is for a concerted approach on a global scale to address
the constraints, real or imaginary, that have curtailed its wuse
in éeveral cituaticns warldwide, to keep track of the rapid pace
of development, to assess fheir potential, and to promote the
widespread use of the promising ones.

Thie has prompted UNIDG — which has maintained an active
interest in sclar energy ever since it was established - to go a
step further and promote a worldwide "Committee for Solar Energy
Research & Applications" (COSERA), as a global umbreila under

whi;h the glaobal approach could take shape.

Breaking Out of Two Vicious Circles: A Global Production
Facility:

On the assumption that sclar energy is presently at a
crossroads, the question arises as to how best to break out of
the first vicious circle in which © .e absence of & large <scalz
market is not conducive to more intensive R &% D effort, while low
levels of ﬁ & D, in their turn, postpone the expansion of the
mar ket.

The second viciocus circle has been the controversy as to the
relative priorities of increasing conversion efficiencies, or
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dgcreasing overall costs (mainly capifal) Experience over the
past few years has confirmed the wisdom of pursuing both routes
and striving to improve efficiencies and decrease cost at the
same time.

As discussed earlier (p.10), any method of costing will
conclude that-capital cost is the major item in the overall cost
of a solar system of any worthwhile capacity. The main thecis of
this report is that substantial cost reductions could be achieved
if a global market for the amorphous route is created. The prima
facie'-reason for this view is the recent developments in the
fabrication of large panels in continucous processes. Thie will

leaZ to substantial <cost reductions if sush processes  are

developed for really large scale production to meet the needs of

a global market that is held together by a framework of mutual
financial and social benefits, and on the understanding that the
production facility will be so designed as to benefit from future

developments in materials and process technologies.




A GLOBAL PRUDUCTION FACILITY FOR A GLOBAL MARKET

The Case for a Large—-Scale PV Material Production Facility:-

The case for a large-scale production facility is based on

the fact that capital cost is the deciding factor in the overall

cost of a solar system. The bulk of this capital cost is in the

production of the solar energy converting material, whether this

is crystalline or amorphous. The encapsulation intos modules coste

a good deal less than the producticon of the photovaoltaic elewmeiits

to be encapsulated.

Hﬁatever type of photovoltaic awuslerial is used, large—scale
producticn offers an obvious advantage. The problem now hinges on
two other considerations. First, the cost, reliability and
convenience of the process itself. This depends on the type of
photovoltaic material chosen. Second, the cost and practicability
of supply to worldwide markets.

To take the first criterion, we ncte:

l. VCrystaLline cilicon ceils, as indicated in Table 1, use a lot
of expensive material, involve considerable waste in
producing wafers, and are costly to manufacture.
Fﬁrthermore, the round wafers are awkward to fit efficiently
in power modules.

2. While ribbon silicon overcomes some of the abovementioned
problems, its production involves a complex process that is

'still at the pilst and small-scale plant, without wortawhile
expérience in large volume preoduction.

3. Against these disadvantages, amorphous silicon is very low in
material use. Modern techniques of production are mainly
based on contingous, highly automated processés, cébable' of
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scaling up and upgrading. The Qubstrate passes through a
series of hermetically-sealed chambers where the different
layers are deposited. The finished panels emerge from the
plant ready for encapsulation in modules, either manually, or
by semi-automated processes. Recent develcopments have proved
that upgrading through multi-junctioning can easily be
incorporated in the manufacturing process. The multi-layer,
multi—cell device is produced in a single pass.

As for supplying a worldwide market, the main concsiderations
ire:

Whether to <hip finished modules of different sizes and

capacities, or the photovoltaic elements for encapsulation
into modul es o site, and according to local market
conditions.

It is obvious that shipping the photovoltaic elements would

be more practical and economical. However, for amorphnous

silicon cells, this depends on the properties of the

substrate used. Glass panels are fragile, awkward and
expensive to transport safely over long distances, involving
loading and unlocading at several locations on their routes to
destinations. With the advent of triple tandem multi-band
gap deposition on a roll-to-roll flexible and rugged ultra
thin stainless steel substrates, the problem of transporting
such high efficiency panels (see fig. 1) over any distance is
soclved.

It has been estimated that to produce ZMW of coated wab over
S years would require an investment of arocund $10 million ($5
million per MW)., The production cost of the.coated web alone
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would be around $2.5 per watt. However, a central facility

for the production of say 300 MW of ccated web over the same
period would cost about $200 million. The cost per MW would

drop to $660,000 and that per watt to about $0.6.

The Case for Downstream Processing in Different Locations:—

The convenience of transporting thin stainless steel -based

coated cheaply-produced web, makes it desirable to further
process this intermediate product into panels and complete
systems in different locaticns in accordance to the nature of the

loecal demand for power. As mentioned earlier, this can vary
considerably from location to location, whether in power cutput,
final application, or extra equipment needed to package a solar
system suitable for a specific purpose. In rural! areas, these
may be low power systems for mocdest 1lighting and refrigeration
loads, electronic equipment such as radios, TV's and
telecommunication, or for water pumping. Besides producing the
panels, the exira equipment, be it energy-saving lighting
systems, efficient storing batteries, D.C. refrigerators and
elec&ronic equipment, or rugged pumps would be provided to the
end, user as an integrated and reliable system at reasonable
cost. For more ambiticus applications to shave off peak loads in
power statiocns, or to provide stand-alone systems of h;gher
capacity, the need will be to integrate the panels with the
necessary converters and/or storage batteries, as well as  the
control and standby equipment.

The process of further processing of the coated web into
panels can be essentially ‘labour~-intensive, :for small scale
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systems in less developed countries, or could be semi-—-automatic
for relatively large scale production. This flexibility in
down-stream processing contributes further to bringing down the

overall capital cost of the complete systems.

The Imperative of a Global Market:-

The above mentioned advantages of using a flexible efficient
coated web, mass—produced, to be further procesced in different
locations, would only work if there is a truly global market that
would: Justify the large scale production of the intermediate web
material in one expensive central facility.

For this to be achieved, the enterprise should be truly
international and in more than one sense. While it is obvious
the capital funding needs to come from as many countries as
possible — particularly ¢the industrialised and other rich
countries, it must alsc be noted thal the enterprise ha: a very
signjficant developmental <clant when we concider its impact on
the developing and less—developed countries. In thic latter
case, the provision of environment—friendly, rugged and reliable
sourcés of energy, unaffected by the fluctuations in the cost of
other conventional sources and very cheap to operate, would have
a dramatic impact on almost all socic-economic development
projects. Donor countries; funding agencies and institutions
would find this the optimum approach in tackling the energy
problems in many situations.

In order that such a global market be created, there is need
for a massive promotional effort on a global scale, combined with
very careful consideration- of the financial and business

- s arusn Sl




' -

strategies adopted. This latter issue could make or break the
project, dependina on every partner, whether in the
industrialised or developing countries, feeling that it is a fair

deal to which he would be committed over a long time horizon.
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AN ILLUSTRATIVE PROJECT PROPOSAL

On the basis of the above mentioned approach, Messrs.
Suryoveonics Ltd. of India — a company in which Energy Conversion
Devices (E.C.D.) 1Inc. of the USA has a 40% share holding — has
formulated a project propcsal which is summarised here as an
example for the practical realisation of the benefits of :arge
scale central production of amorphous silicon coated web on large
thin stainless steel gubstrates for downstream processing in a
number of loacations worldwide., Thic is summarised here in  order
to pr;vide the basis for discuscsion of the feasibility of the

idea and the conditione and actions for its realisation.

The Main Features of the Proposal:-—

The main features of the proposal are as follows:-—

l. The product specification is cocated web, 1.16€' wide, 4' long,
0.008" thick. This yields a standard module of 17'x47,
or fractions of this size. The output of the standard module
will be stabilised 20 watts, and the weight of one coated web
slab will be €50 gms.

2. The assembly materials required in downstream processing of
the 1'x4' webs into PV modules consist mainly of encapsulant
materials, bus bar tapes, diodes, silver ink, polyester
tapes, copper foil, copper tabs, etc. The cost for one
module is estimated gt 15, or $0.5/watt.

3. The present efficiency of 7.5w/ft® is experted to increase, as
a result of ongoing RYD to reach 11 w/ftZ in five years. The
net effect of sdch improveqents is expected to reduce the

cost of the coated web to arocund $0.30/w.
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4. The impact of large scale production is illustrated in Table

3. This shows that the cost of a slab drops from $56.50 for
a 2MW coated web plant, to $30.64 for a 25MW plant, to $16.93
for a 15S0MW plant. The tab’e also highlights the fact that
raw material cost is relatively low and decreases for the
largest uﬁit.

The proposal recommends the installation of a 2Z00MW plant in
India, for which the cost /w of modules would be $1.48/w
(310/f%2) and sugoests India as the location of the central
coatea web production facility. Thics is based on the fact that
the current sale price of photovoltaics in India is 1.8/Wp,
while the domestic market is thought to absorb SOME with minimal
introduction and sales effort.

Furthermore, India is considered as possessing the
infrastructure and qualified perconrel needed at low cost, as
well as providing considerable incentives for e port-oriented
indu;triesl particularly in duty—“‘ree importation of equipment

and raw material, and a S-year corperate tax holiday.

The Business Plan:-

The main issue here ic raising the capital =of €150 million,
for the central coated web production facility. The prqposal
bases its business plan on "co-wuperation and understanding on
a global basis”". This is articulated as follows:—

1. Each country would encourage a small group of entrepreneurs
to study the proposal and acquaint themselves with its
details, by arranging visits and discussions with E.C.D. in
the USA and Suryovonics in India, to answer all their queries
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and doubts to their complete satisfaction and ensure their

commitment to participation in the project.

A detailed market _survey has to be undertaken in each
country. This would define the most appropriate applicgtions
for PV modqles and products, based on the assumption that
modules wili be manufactured in the country and marketed at a
price of $1.5-2.0/Wp for the coming years. ECD/3uryovonics,;
as well as internaticnal specialized agencies, such as UNIDG,
and development funds, would support the effort needed in

such mar ket =surveys.

This should yield a conservative yearly demand of coated webs
for five vyears to come. The partners in the diffsrent
countries would thus ke in a position to make a firs

commitment covered by a ca<h deposit guaranteeing importation
of at‘ least S0/ of the concervative yearly demand estimate
for five years to come<t?.

The proposal ewelimates that the guaranteed demand for  coated
web would start with a little over €0 MW in the first year,
exceeding 110 MW in the third year and reaching 165 MW in the
fifth year.

On this basis, it plans to install two production lines, eachn
of 100 MW capacity., The first line, as well acs all the common
plant facilities for the final capacity would cost $90
million to be invested in year :. Th» second 100 MW line,
costing %60 millions would be installed in year 3. Further

100 MW lires would be added as the need arises.

<1

The proposal estimates forJSOZ aof the consérvative mar ket
demand for different countries, are given in Table 4.
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6. ‘1t is expected that each of 19 partners (Table 4)‘uould_be
“encouraged to invest $1000/KW of coated web they will buy

_over .the f1ve year per1od. Thxs means that the total equxty_

made avaxlable would add up to 556 02 m11110n, i.e. 407 :ofi

the equxty of abut $140 million. Should some partners

decline to participate, their sﬁafe of equity would be taken
by ECD Inc. and Suryovonics Ltd.

7. An additional deposit of 257 of the equity will be raised as
security-deposit from all countries buying coated web. This
Jill be returned at the rate of $10 for every 4 ft= slab of
coated web. Furthermore, up to $75 million in loans, will be
solicited from financing institutions such as Exim Bank and
OPIC.

8. ECD/Suryovonics Qould also consider equity participation in
3down5tream processing plants shogld this prove possible and
necessary. They also undertake to make available to the
_international Joint venture of the central plant all
the benefits of any future improvements in technology. The

407 equity participation guaraAtees thét such improvements

will b= incorporatea in the plant, since they can only

increase its profitability and accelerate amortisation of the

investment.

Implementation Phases:-
' The proposal envisages that original shipments will be from a
module fabrication facility fn India, for which the machinery is
“f;fffalreédy in place. The coated web used in making modules will
}égmé“,from E.C.D. in,the‘Statég. This will offer an opportunity
L ~24-
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for the developing countries to train fheir personnel in the
Indian plant on module making, using imported coated web supplied
eventually (in 2-3 years time) from an Indian 3MW plant producing
triple tandem coated web. The main skills needed in module
production are cuttiqg, silver screen printing, soldering,
encapsulatién and final mounting. All these are labour ;ntensive
skills that are relatively easy to acquire. Thus the
availability of coated web from India would be synchronized with
the setting up of module making plants in the diffarent countries
imporeing coated web., In five years, the large scale coated web
producticon facility would be on stream, with one line in
producticon.

At the early stages, and to help in the market surveys, the
Indian module making facility would provide complete PV systems
to different <countries at competitive prices, in order to feel

the market and asssss future potential.

A Preliminary Assessment:—

On the credit side, this proposal has obviocus merits:-—

1. It is cne of the very few — if not the only — proposal  that
holds the promise of a sclution for the thorny problem of
capital cost of PV systems. The solutiocon is based on the
following:—

- centralized production of the photovoltaic material on a
global scale

- encapsulaticn and system integration in a diversified
manner to suit the conditions in each locality.

- the low material cost of‘amarphous silicon ﬁaterial
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- the development of continuous manufacturing processes at
much greater speeds
— the ease and econcmy of transporting rugged, flexible and
light web with thin stainless steel as the substrate.
It invoclves many countries, national and internaticonal
organizations, business enterprises, and funding agencies in
a truly internaticonal effort.

It could assimilate future developments in this technology, as

well as expand as demand increases.

Dn the debit side, one could cite:

So far, it is more of a vision than a business plan on the
basis of which investment decisicons and commitments could be
made. In order that this worthwhile vision is turned into a
feasible plan, at 1least the following issues have to be
thoroughly investigated and favourable conclusions reached.

Two crucial issues come immediately to mind. The first,
which is clearly emphasized in the proposal, is to conduct a
careful market survey on a truly global scale. This is far
from being an easy task and is bound to be very costly. It is

not encugh  for  investment decisions to  state that some

(p]

cuntries will be provided with the necessary support in
conducting market surveys in those countries.

Furthermore, it is doubtful if many developing countries are
in a position to participate in the equity for the central
coated web plant, nor is investment of the holding company in
downstream processing facilities on the spot always a
straight forward business. Perhaps regionalisation could
offer a solution to this problem.
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4. Consequently, a substantial and costly promotional effort

worldwide is needed if the results of the market survey are
encouraging. It is not clear who would foot the bill before
a corporate structure takes shape.

S. The scaling up of production from 2-3MW/year to 75 MW could
run into problems, take more time than expected, or prove so
expensive as to upset all the cost estimates given in the

proposal.

&. Testing the mavket using panels and/or systems produced in
india, may turn cut to be counterproductive. BSuch items are
bound to be expensive, as they do not benefit from the

economy =f scale which is the core of the proposal.

7. According to the proposal, it would be 7-8 ysarz bafore the
central facility is on stream. Judging by the current rate
of technological development and the constant stream  of
announcements o f new and goromisirg develonments, the
technolggy might not be the best at the time the mailn
facility qoes on  stream. This «calle for a thorough
investigation and assessment of the potential of aongoing  and

planned FEDDD.

However, no doubt some at least of these uncertainties and
ambiguities could be overcome and clarified. The forthcoming
COSERA meeting would be a good opportunity for conducting a
preliminary evaluation of the proposal and recommending
appropriate venues for pursuing these ideas until their
feasibility, or otherwise, is established with reasonable
certainty.
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What is needed at present is the development of markets on a
global scales, diversification of economical .applications, as
well as sensitization to the benefits of the technology now to be
made available at much lower capital cost and greater

reliability, and in a truly international cooperative effort.
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- FUTURE ACTION

The first thing that needs to be done is to check reactions
to the idea of centralized production for a qlobal market -
both politically and financially. The idea needs to be
discussed initially with a carefully chosen group of funding
agencies, development and aid organizations, govearnment
cfficials and private financiers and entrepren=urs.

It is reasonable to expect UNIDO, perhaps in cocperation with
one or more international or national development agencies to
;ndertake this tack.

Should the ocutcome prove encouraaging, the next step would be
a reasocnably thorough and convincing market survey and market

testing of total FV systems in & variety of sitvations. This

N

need not achieve complete <coverage; but like most market
surveys, its success would hinge on choosing the minimum
number of appropriate localities that would be a good
representative sample of the larger market.
Thic is more difficult to fund. However, the promcisrs of
the nropoasal in cooperation with UNIDO, @may <onsider
benefiting from certain aid programees that <ould use FV
systems to get a feel for the market.

In short, there is a rveal need for market development in as

many countries and many ways as possible. This will be even

more difficult and costly.

Here again the aid and technical assistance projecits could play

an important role in sensitizing potential beneficiaries, and
potential investors, to the advantages of FV systems tailored
to local specific needs and made available at a reasonable
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cost.

Since the project depends on decentra;ized downstream
processing of the ccated web intoc systems, there is a need
to build and/or strengthen 1local capabilities in  this
activity and to encourage investigating novel applications

and development at the lacal lzvsel of the other bits ard

(]

nieces of equipment that go into an integrated system.

Thice is obvicusly the domain where technical! assistance and
technical cooperation can play a decisive role in turning
thie aronosal into a feasible project.

e initiate the process of downstream processing into

cuitablie seystems tailovred to lazal needszs, the governmento,

he

particularly n cdeveloping countries, have to provide
effective incentives - both to manufacturers and users — to
help create the market <cize that would ensure widespread

benefits f{rom solar PV systems. Tax holidays, parvticigation

‘in equity, price subs.dies, demonstration and extencion

servicee, popularization and promoticnal campaigns by the

state-owned mass media, are examples of goverament actions

that would promcste the uvse of PY systes: where they bect
cerve national development effort.

Firally, there vremains the need for investigating and
defining the most viable and appropriate businese
structure for implementation. Some innovative formula is

needed since there are not many, if any, precedents on whose

experience the new structure could be planner.
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Table I
Efficiency
Cell Type Lab. Prod. &dvantages Disadvantages
Record Record
Single Cell 19. 1% 10-13% - well established % - uses a lot of expensive
Crystal tested technology material
- stable - lots of waste in slicing
- relatively efficient wafers
~ costly to manufacture
- round cells cannot be
spaced in madules
efficiently
Polycrystal 18% 10-12% - well establiched % - ugses & lot of expeasive
Silicon tested technology material
- stable - lots of waste in slicing
- relatively efficient wafers
~ lesc exsensive -~ fairly costly to manu-
than single crys- facture
tal Si - glightly less efficient
- square cells for than single crystal
move efficient
spacing
Ribbon 1S% 10-12.57 - does nat requive - has not szaled up
Silicon slicing to large volume
- lesc material waste production
than single <rystail - complex manufac-
% polycrystal turing process
- potential for high
speed manufacturing
- relztively efficient
Amoy phous 11.9% 4-87% - very low material - Staebler-Wronski
Silicon use 2ffect

- potential for highly
automated % very
rapid production

- potential for very




Table 2

Power Generating Technology Oper ation/Maintenance/Fuel Costs
Cents/Kwh
PV 9.60
Wind 1.00
Combustion Turbines 6.45
Slow Diesels €.17
Combined Cycles 4.20
Pulverised Coal 3.20
Atroaspheric Fluidised Bed
Cogbustion (AFED) 3.00

Conventional Ceoal 2.90
Nuclear 2.13

Table 3

Coated Web Production Cost Estimates <*?

Capacity MW Z5MH 155My

No. of slabs/year
(1'x47. 30W) 70,000 875,000 S, 250,600

No. of slabs in

S years _ 350,000 4,375,000 28,250,000
Capital cost (3) 10 million 40 willion 20 willion

raw material
cost/slab ($) 14.00 15.00 11.5¢

Total manufacturing

cost/slab (%) 14.00 7.50 2.00
Depreciation/slab (%) 28.390 5.14 3.43
Total cost/siab ($) S5€.30 30.64 16.92
Cost of slab for pro-

ducing 1 watt (%) 1.88 1.02 0.56
Cost of module/w (%) 3.88 2.52 1.50

> According to Suryovonics Ltd. of -India.
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Table 4
Estimates of 30Z of Demand Over Five Years (KN)<:?
Years Total for
Country of Origin 1 2 3 4 ) S5 years
Sweden 230 300 330 200 500 1,800
Holland 230 300 350 400 300 1,800
Best Germany 400 SO0 &00 700 300G 3,000
France S00 600 700 800 300 3,500
Spain - 600 700 800 306 1,000 4,005
Italy €00 700 800 300 1,000 4,000
Hungary 250 300 359G <00 SO0 1,834
Yugoslavia S00 €00 700 800 F00 3, 30¢
Poland 250 300 350 400 S00 1,800
Middle East 1,000 2,000 3,000 4,000 5,000 15,000
Pakistan 2,900 4,000 €,000 8,006 10,000 39,000
India 25,000 20,000 35,000 40,006  S0,000 12890, GOO
Bang!adesh 1,000 2,000 3,000 4,000 5,000 15,000
Far East 2,000 4,000 €,000 8,000 10,000 20, 000
Australia % N.Z. 2,009 4,000 £,000 8, 000 16,000 30,000
Pacific Countries 5,000 7,000 9,000 11,000 13,000 45, 000
China 5,000 7,600 3,000 11,000 12,000 45,000
USSR 10,000 15,006 20,0060 25,000 30, 000 169,000
Others 5,000 7,000 3,000 11,000 12,000 45,000
Total €1,600 86,300 111,000 135,700 165,600 560,200

€3>  According to Messrs. Suryovonics of India.
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Corrections

17, paragraph 3, lines 1 and 2, should read:

"It has been estimated that to produce 2 MW of coated web per year would

require an investment of $10 million ($5 million per MW).

22, line 11, should read:
"the current sales price of photovoltaics in India is $8/Wp".
27, paragraph 7, lines 1 and 2, shouid read:

"According to the proposal, it would be 2-3 years from date of final decision

before the central facility is on stream".






