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I#2

THE FRENCH PHOTOVOLTAIC PROGRAM : 1982 - 1986

Louis P. DROUOT
Solar & geothermal energy division 
French Agency For Energy Management

SUMMARY

The french photovoltaic program and industrial strategy over the 5 
years 1982-1986 period are presented. A statement of the objectives of 
the program is given in economic terms. Then, the most significant 
technical choices, from photovoltaic material to modules and systerns, 
are outlined. Long-term R & D is also specified, and the 1982-1986 
government funding forecast is discussed.

INTRODUCTION

The world photovoltaic (PV) market has been steadily expanding for a number 
of years. The expansion rate, some 50 %, should bring it from some 8 MWp 
sold in 1982 to almost 60-70 MWp in 1986. It has been assessed recently that 
this market growth was largely independant from energy substitution trade
offs and economics. Actually, it becomes more and more evident, year after 
year, that the financial capabilities of those countries who are interested 
in PV are the limiting factor. PV technologies are opening a whole spectrum 
of new products and new applications. Besides well-known applications such 
as water pumping, communication networks and other terrestrial or commercial 
systems, new markets are expanding : leisure and toy industry, instrumenta- 
tion, urban furniture, remote sensing systems, and so on. Because France has 
recognized the vast potential of PV applications, she has enacted a major 
effort in PV development since 1978. After a first period of R & D investi
gation, major technical choices were made during 1981, leading to a 1982- 
1986 strategy which is being implemented by the French Agency for Energy 
Management (AFME) and its industrial partners.

OBJECTIVES OF THE PROGRAM 

Silicon Chain Integration

French PV industry is dependent upon imports for wafers. It is recognized 
that in order to enact a major industrial effort to promote PV industry, it 
is necessary to integrate a national silicon chain, starting from Metallur
gical Grade Silicon (MGS). The process for Solar Grade Silicon (SOG) prepa
ration was chosen according to its adaptation to different wafer and cell 
manufacturing processes.

Production Cost Reduction

Although it has been suggested before that there is no direct relation bet
ween market volume and energy substitution economic trade-offs, there is ne
vertheless a relation between PV systems costs and market volume. Thus, pro
duction costs reduction should be a major target, and was integrated as such 
in the French PV program. In 1982 money, and assuming a FF 7/$ conversion

-24-



rate, the objectives of the program are to achieve $ 4/Wp at the module 
level by 1986, and $ 9/Wp at the generator level. The SOG target has been 
set at $ 20/kg.

World Market Share

French market share has been around 10 % in 1982. The objective is to get a 
15 % share minimum in 1986 from the 60-70 MWp world market. French PV Indus
try would then be at that time a $ 100 million business corresponding to a 
10 MWp yearly production. These figures do not include the amorphous silicon 
cells development, for which AFME is devoting a major effort since the 
beginning of 1983.

INDUSTRIAL STRATEGY OF THE PROGRAM 

Solar Grade Silicon

RHONE POULENC was chosen as a major partner for SOG manufacturing. A molten 
salt process is developped, using lithium reduction, to prepare high-purity 
silane S1H4, then SOG powder by cracking. This process is very attractive 
for many reasons : the yield is almost 100 % in silicon ; there are no by
products which could pose handling problems ; it does not require heavy 
energy imputs to be operated ; it can produce at the same time high-purity 
silane, for use in the electronics industry or amorphous silicon cells 
industry, and high-purity SOG for other PV cells manufacturing processes.
The production objective is to start a manufacturing plant in 1986, with 
initial capacity at 100 tons per year of SOG. The capacity could eventually 
be increased up to 800 tons per year in the following years. The selling 
price of the SOG produced should be under $ 20/kg (1982 value).

Ingot Casting Process (POLYX)

PH0T0WATT and LAB0RAT0IRES DE MARCOUSSIS have developped a proprietary ingot 
casting process called POLYX, to prepare polycristalline silicon wafers. A 
good control of the ingot casting process has been achieved, so that it will 
be implemented on the production line in 1984. A multiwire proprietary sli
cing will be used to prepare wafers of not less than 350 microns thickness. 
Ingots of 20 kg are prepared in 1983, and polycristalline silicon cells of 
100 cm^/10 % are manufactured. The aim is to reach 100 crn^/ll % cells by 
1986, leading to $ 4/WP modules.
FRANGE-PHOTON is also integrating polycristalline silicon cells manufactu
ring, but will not prepare wafers by itself. It has already achieved very 
good conversion efficiencies using SEMIX wafers.

Ribbon Pulling Process (RAD)

PHOTOWATT and LABORATOIRES DE MARCOUSSIS are devoting time and effort to 
develop a very promising ribbon pulling process, called RAD. Its unique cha
racteristic is the direct growth of a thin polycristalline silicon layer by 
direct film deposition on a carbon ribbon. Multi-ribbon pulling is the ob
jective, with thickness under 100 microns, width of 5 cm, and pulling speed 
over 5 meters a minute. Preparation of wafers should use laser cutting. Conversion efficiencies of 15 % have been achieved on 4 cm^ cells in 1983. The 
1986 objective is to reach 50 cm2/12 % cells.
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Amorphous Silicon Cells

SOLEMS has been expanding its activity rapidly for the past two years. A 
glow discharge decomposition of silane process is used to prepare p-i-n 
structures on glass substrates. A lot of effort must be now devoted to pro
duction technologies» although a pilot-production line is due to begin operations in 1984. In 1983, 1 cm^/7 % cells have been prepared at the labora
tory level. In 1984, 400 cm^/4 % cells are expected, and the aim is to reach 
1,800 cm%/7 % cells by 1986.

Systems Integration and Test

In order to insure that specific products are designed for specific uses, an 
effort should be devoted to systems integration. SOLAR-FORCE is a major 
partner of AFME on this. This company, together with others, is developping 
systems, suitable for different markets : generators are designed and speci
fied for remote power ; PV water pumps are designed for specific applica
tions in developping countries ; refrigerators are engineered according to 
Word Health Organization (WHO) Specifications ; telecommunication systems 
are developped, for use in France or in developping countries.
For modules as well as for systems, the importance of test-procedures should 
be underlined. AFME is working in close relationship with LCIE and ONES to 
develop module standarts and testing procedures, together with the interna
tional Electro technic Commission (IEC). AFME is also setting up a systems- 
testing network with numerous partners, the variety of which is adapted to 
the variety of the systems. This network should be fully operational by the 
end of 1984.

SUB-PROGRAM CONTRACTOR REFERENCE
PROCESS

TIME-SPAN

FIG. 1. FRENCH PV PROGRAM TECHNICAL AND INDUSTRIAL STRATEGY
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LONG TERM RESEARCH AND DEVELOPMENT

Besides industry and the 1986 strategy, France is engaged in long-term R & D 
through a number of public or private laboratories, coordinated by AFME on 
specific subjects. It is not the purpose of this paper to go into detail 
over this long-term R & D program. The main features are the following : a 
MGS plasma refining process is under development, which could lead to a 
$ 15/kg manufacturing cost ; cristalline silicon cells R & D involve more 
than 12 laboratories, dealing with impurities and defects, HEM growth, ion- 
implantation, laser, e-beam or light annealing, passivation, and so on ; 
amorphous silicon cells are studied, new deposition techniques, a-Si optical 
and electrical properties, a-Si alloys and multilayer cells ; advanced mate
rials R & D is pursued, like AsGa/GaAlAs multibandgap cells, CuInSeZ, InP, 
CdS/CdTe, and organic semi-conductors.
All these long-term R & D actions are usually conducted by CNRS or Universi
ty laboratories, under the sponsorship of AFME. More than 30 laboratories 
are altogether involved in this program.

PROGRAM FUNDING

Program Budget over 1982-1986

The estimated public budget appropriations needed over the 1982-1986 period 
amount to $ 64 millions in 1982 money value. This budget should be covered 
mostly by AFME, and the Ministry for Research and Industry.
About 45 % of the total should be devoted to the industrial strategy imple
mentation, through funding of private companies ($ 28 millions). The other 
55 % shall be devoted to the bulk of the program, mainly long-term R & D 
($ 19 millions) and demonstration/dissemination ($ 17 millions).

ALL RESOURCES $ 200 MILLIONS 1982-1986

PUBLIC BUDGET APPROPRIATIONS : $ 64 MILLIONS(AFME) OTHER RESOURCES
3

$ 19 MILLIONS LONG TERM R & D
I

THIN FILMS 46%

POLYSILICON 24%
' '

SYSTEMS 16%
1

CONCENTR. 7%

STORAGE 7%

i £8 MILLIONS 
INDUSTRIAL STRATEGY

I

SOLEMS

SOLAR-FORCE

RHONE - POULENC
3 '

PHOTOWATT

FRANCE-PHOTON

$ 17 MILLIONS DEMONSTRATION
MINISTRY OF

INDUSTRY & RESEARCH
■U1L, >

NATIONAL MINISTRY OF
FELECOMMUNICATIONS

OVERSEAS OVERSEAS
TERRITORIES

4"

INTERNATIONAL MINISTRY OF 
FOREIGN AFFAIRS

PRIVATE
FUNDING

FIG. 2. FUNDING OF THE FRENCH PV PROGRAM : A 1982 - 1986 FORECAST
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Taking into account all expenses , the 1982-1986 program will represent some 
$ 200 millions, including all public budget appropriations and private
financing. This can be said to be the price-tag for the french industry 
market share in 1986, as well as for the maintenance and development of 
french R & D expertise and capability over the long-term.

Program Budget for 1983 and 1984

of which $ 7 millions in R & D, and $ 3 millions for industrial policy and 
demonstration projects. The total AFME funding of the program should amount 
to $ 12 - 13 millions in 1984.
Thus, if we look at the total expenses of AFME devoted to New and Renewable 
Energies, the french PV program amounts to between 40-50 % of the total.
Other R & D programs include solar architecture, geothermal energy, biomass 
and bio-fuels, wind energy and microhydraulics.

CONCLUSION

It has been assessed by AFME and its partners that a specific effort should 
be devoted to promote PV technologies through demonstration programs. AFME 
is participating actively in the current European Pilot Projects program ; 
other demonstration programs include the national rural electrification pro
gram. This program has been initiated in 1983, with a total budget of $ 1 
million. It includes the installation of 40 rural PV generators ranging from 
400 Wp to 1,600 Wp and over, scattered in the south of France, and the moni
toring of these generators. This national campaign is aimed in particular at 
promoting the PV technology through demonstration on the mainland. Other 
programs are devoted to overseas territories and developping countries : 
they include water-pumping for domestic consumption and irrigation in rural 
areas, rural electrification in remote places, telecommunications.
Besides R & D achievements which have been mentionned before, these efforts 
begin to create a whole new business in the country : new entrants are deve
lopping their activities, like SNES, S0LEC0, SOLELEC ; engineering companies 
are integrating PV design capabilities. Altogether, PV activities in France- 
have represented a $ 10 millions business in 1982. It is believed that PV 
business should contribute to create some 2,000 new jobs by 1986, according 
to the industrial strategy being implemented.
The first results observed encourage AFME in implementing this strategy, and 
they are in accordance with the overall economic objectives of the 5 years 
1982-1986 program.

o
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For further information, please contact October 25th,1983
Louis P. DROUOT
Solar & Geothermal energy department
AFME - French Agency for Energy Management
Route des Lucioles
Sophia-Antipolis
06565 VALB0NNE Cedex - FRANCE
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