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1. & &

HIAKE = 4 v ¥ — B T FEHs

SEORLFEE, BRLBRICHZETO, BAKB= XL F - HERH IOV TO
iR, UToERY THS,

1974 5 7 A

[ BIAREBIME | fiks. (BHEfes, EEERE LECELED
HHOEMH22RIT5.) BEBIW12R0Z £,

1977 %5 A

HIARAGEARKIIBNTH =3 ¥ -EMHEERE
ZDR, KERARERVKGHERGE Y A7 2 D0 H &2 hDIcERZi
é%jﬁo

1979 9 A

B DOBERS S5 (KB = 2 v F —FF (COMES )DEFEBEZ ) 1T, fRFEERN
TEE=3xL¥— . FBREESEE Barry Du Bois KICEHE,

1980 £ 3 A

L LY BREORMELHREZGD FiL 7 BB ORMEIIZ > TRE,
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® e 0 6
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@

BREBRMEL R

KR BE

KBEHRIZBIS 2 R
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FearF—1ZBT o ERMRHAA

HAME, EEOORMEBELZBEFO~OQDBEMIZHEIZONTEEZRY,

1982 4£10H

Bl DRSS & 12 . ) AFME (Agence Francaise pour La Maitrise, France
Agency for Energy Management )33, &k o COMES|z{fib ), AFMET
Fre=dF-FORMNMAROHKELRLZ LIz o7

19823 A

Ft b¥E— (NEDOXRESH MBS E ) APTEE (EPDCE bR i X Y &hA
KGEL ORI RER ORI HAELTTDON T,

198343 A

e« R — (NEDOXRESHEMibAZE ) , M RE (BT EMEEI D = *
=) I K D EA. KEBRDFIREMIC DWW THBERIHAERT HIAHED
RRZBBE IO,



2. AAERD

SEOFFILTICETHAZ $ o TS hiz,
(1) AFME®D -9 RXEEZHHL, HAROKE = * 1 ¥ - AR ORTEOE R #

119 T &

(2) AFMEq Sophia Antipolix & 35 L, HIAROKE = + v ¥ — TR O E#®

HHHEITH L & $12Sophia AntipoiY FiE ( =4 w1 =,

BYATADOREEZTHIT L,
(3) C.G.S. o REFZEH KU Photowatt THIE SN TWS U £ VB[ 115 # i
WKOWTHET T &,
(4) Rhone Poulenctt Tiris b TWD vV 2 vEHOMBRROBELITH Z L.

3. R HESE

SEOREDHBRUAEREZEZLTO®BEI TH 5,

1) #AEHE
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3H15H (K)
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38208 K
3F21 8 0K
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1. AFME (France Agency for Energy Management )

(1) BhMI%
@ Sophia Antipoli¥Z 5 L3 . Mr. DROUOT

Route des Lucioles - )
Sophia-Antipolis 06565 Valbonne Cedex

@ Paris A %% © Mr. PEYRACHE

27 rue Louis Vicat, 3 la périphérie du 15¢ arrondissement,

a proximité de Vanves.
2e5AVANVES
e —

MALAKOFF
PLATEAY
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27 1us Lows VICAT
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Ave DaNTG \

Aue BRANCION

(2) HEME
AFMEW, 75 vAD=RZAVF -BRERMT D720, BIFIZLD 1982 10

Bz SN BETHY, BloF=3Ar -l (KB, ~1+<x, BhH, #

__3__.



) B ko F Rl (L, B, WEEE) o= o ¥ - BE ST o
EZDE=FZNF-BOROFRMITEIT> 2L HE LT D,

AFMED L BMEIZ DWW TEHEIRIOREZ 2B L T/ e e L, $EX
KBIEFREE P0ic Parik#3 L UF Sophia Antipole 32 ff TERAZH L ZARICD
WTHRET Do

(@ [ 75 vA - KBEMT w275 4 0 1982~ 1986 |IZ2DWT

BRI AR T, 1981 FICEMWZERE T2, AFME & 202 —
M —BREFTTNE 5 7 ERTE (1982 — 1986 BLSR ) MER SN,

IR FDOENERET D, ( ZEMEM 2 The French Photovaltaic Program :
1982 — 1986 ) &R T L,

[ 7r 75 aDBE)

o KEGBMBEREMN — BHEZ7 VAOPVEEL, V= ~—FHAKKAEL TVD
ZEhBE&EY Y 2 v (MGS) b —B L TEE T SR
DESLEE LD L,
F7z, SOGHEE 7' v AL FER LT,

ofE = A MEBEH 00— 1986 ETE U = — A T4$/Wo RBHEL <L T9$/Wp &
FELLTWS, (£7ZL1$=T77v, 1982F(ft& )

oM RHH Y 2T — 1986 FTHL LB 15%(9~10MWp ) O v =T, HEDZ
ko T2IEL, 1983 FNSBHEMEIT D TEAT 7 AKGE
Mz & E v,

[ TEEALESE )

o SOG v Y = vBLE — 1986 FIZILEE 100tonDSOCGHE T Z v b2 A& — b &

T, FFEIE S 5800 ton/ FIZHRIH D, fli#kid20
$/ke LIF —FMIEP 21 —
o FrAT 4 vI/IRE — 1983 FEIE20ke DM VI y FTEHEI0Y (100ak ) DE
GBSIY = - AMEDN, 1986 EHBIZE Y = — 4 I B
43 WpTEABEIZY (100t ) & LTVES,
o ) EVITRE — VARV ETEOBEXMN S B X 100 # 51 & RIFHE
LL 10/ e L, BUELABIEK 4% ( 4ab) & 198641212
% (50 at) £FTBHILIZLTND, —FFfizP18 —
o TENLZ7FASIiwN — 1984 4EIC M ry PELES A VANERREBIG L, A RhEK
4% (400at) BMBEE SN TV B, 1986 4 B ELIE L K 7
% (1800at) & LT3,
VAT AFHE - AR — ECL LPRKBEIMB LU > A7 A DFELE LU HR
FHEOBRREZT > T <,

I

=]



SUB- PROGRAM CONTRACTOR REFERENCE TIME-SPAN

PROCESS
51 PHOTOWATT POLYX INGOT > { 1984 - 1986
POLYCRISTALL INE
o 1 France-pHOTON SEMIX INGOT .| 1984 - 1986
CELLS & MODULES : ]
PHOTOWATT RAD RIBBON s | 1986 - 1990
e
SOLAR GRADE
1L 1CON S06 RHONE-POULENC | 5| SILANE SIH4 1984 - 1986
T
AMORPHOUS SILI- SOLEMS GLOW DISCHARGE 1984 - 1990
CON CELLS
SOLAR-FORCE MARKET 51 1982 - 1986
SYSTEMS
, [ OTHER .| awaLysIs 1984 - 1990
COMPETITORS

[ RIPFFEEZE )

1986 K DIENIT, % DRI TMGS 7 7 X < fEHITHE, (14 vEAV
Yo T o) v EOBEE L OB R, T EAL T 7 ASit LD
AsGa/ GaAlAs 7z ¥ OF KB EM O EEZR & &R L PR A A3, AFME
DESLEE L CNRSR KRR DI/EDN G L TS T2,

( FHEBR ]

1982 — 1986 V20T COME FTHIZ 64F 5 F 4TRSS & AFME 23 kv,
FOWREITEDELD ThH D,

1983 — 1984 SEDO FHEIL, TELHSOWMKHAFKL 3EHSOLEMCBK L T =
VANV—vavyTerel b EEDI2~13BF$EARD, BAEBIUH =
NFE—BGRFEDIO~50%ICETHLEDZETHD,

ALL RESOURCES $ 200 MILLIONS 1982-1986

& 1
PUBLIC BUDGET APPROPRIATIONS : § 64 MILLIONS(AFME) OTHER RESOURCES
¥ ¥
$ 19 MILLIONS $ 28 MILLIONS $ 17 MILLIONS MINISIRY OF
LONG TERM R & D INDUSTRIAL STRATEGY DEMONSTRATION INDUSTRY & RESEARCH
RHONE - I RINTSTRY OF
THIN FILMS 46% E = POULENC NATIONAL EL ECOMMUNICAT IOS
¥ ¥ ¥ ¥
ICON 24 % PHOTOWATT OVERSEAS TERRITORIES
¥ Y Y ¥
S ) MINISTRY OF
SYSTEMS 16% FRANCE-PHOTON INTERNATIONAL FOREIGN AFFAIRS
¥ 3 M
CONCENTR. . 7% SOLEMS
PRIVATE
v ¥ FUNDING
STORAGE 7% SOLAR-FORCE




() ECTF ez kDR
1975 fEIC ECE{Y D IER; - LA = % 4 ¥ —HRADBEBIE L, KEE

WOWT S ELBEF e H 3, 1979 FFITiEh L (30 ~ 300kW ) D KIGE
VAT ARRET ST R 77 A0MER SN, ECEENLHEELI6 Y AT A0
5Nz,
AFMEIZZ D57 7 VARBE#T S5 v A5 Al OWTESEN 1T T»
Do
I 4 % 0 2 VTSR oA & #HE | AFME 44
@ AGHIA ZUVRE . Seri ~ Renault Public power corp.| 50 kW 26 %
ROUMELI FY oy Ingenierie (FV o)
(R%ER)
@ KAW French Guiana W KAW Town Hall |35 kW 3B %
(N%ZR)
@ Paomia Hairvh Leroy —Somer Southeen Corsica |44 kW 12 %
(H%EH) Electrification
Board
@ Nice = — X Photowatt Chamber of Com- |50 kW 48 %
( Zegm s A ) International SA merce and
Industry
% Mont Bouquet Gard ” Telediffusion de 50 kW 46 %

(7 vehiltf
)

France.

(c) Zofl

o AFME Sopia Antipoli & NicedT&BITER I ED LN TWAHEATICH Y,
EEARDTEOIREBEFSDNIRLEY T, BEBLHBE= R L F—

BB EL WD LDZ L TH D,
HAREOHMAZREED DO AFMEH AT RERE LIWEDZ LT

o F 7z,
H Do

Sophia Antipoli£ X ( #42H5T )




AFME Sophia Antipoli¥ @48

KEGEBIGR OB FE it (AFME )
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2. KEXRBEAM > A7 £ OHFERE
EC7 ey b O—HELTRML TS = - AZEMRELRE > A7 4 (50
kW) LHEBICHERSh TOW BB AXEEL > A 7 A IO THERE T 5,
(1) =—AZBEKBHXRBE AT 4 (50kW)FECT w2 27 tD—DTEC 8 LU
AFME 0ZF G0 & L1 PHOTOWATT 3 UHE L7 D TH D, FAd: L-ERIL
ZeEOEBBOBETHRER I EFETOBEL L TN Sh TV,
KEGEMEE (50 kW ) ik, = AZBEOBBAE (#0528 ) R L, 4
& HRA 30° TRIEINLTEY, RITEORE - FHPERCR S ISR O RELH
T&X Do
O AT AREROME
VAT AR IRICRTERBY C075vF (1 77 vF =108 = — L)
PO LKREBEM (50kW) 2oL LZERIBIEZF o r~<ravier—3
RIC L D FE®EM (106 x 1500 Ah JITFHEL, 1 v~ — & (5kVA, PWM ) 12k D
AWICER L TAMIBEE T 25 DOT, JRE > AT A MOy & 7213t K
TS, Ay 7V a vt e - SAQFCEVBNERICOHEIOND Y AT 4 L
LTW2, — NEDODOESEEMN Y AT AIZEWY AT A EVALD —
NN

o BV oa — L 73 Wp (WHOTOWATT International S.A HfhE)

o 7 U A KR 1082 = — VESERTL 77 vFHERT0 77 vk WHEE
i

o H 50 kW ( 3% 8 AL 700 nf )

o % O fi SEERSITE -1 7T vF, FHIESERELTL 75 v
FOREL TH D,

(v 57U -]

o L 1500 Ah (10 K5h ) $h#E N OLDHAM#: 4l

o KE K 106 -& /v [ 514 fi

o Total K& 106 x 1500 Ah (212V)

LA vi—2%]

o 7% I 5kVA (PWM } 5 v o A& /N — &)

o K ¥ 220V

o AJJEIE 180 ~ 220V

o M 220V £ 1% ( BRBEER4 BT, MEBETH0Hz+ 1% )

LRy T VF5x—Vx ]

o & H 7kVA

o AJJBHE AC 220 ~380V( 344) 50 Hz

o R DC 180 ~ 260V

(A 1]

o FHKE 5kVA

- H H1H 220V (50Hz)



@ EERRE
o 1983 44 A X 0 EEIE BLE L,
o Nice®D At = 4 ¥ — T KIEGE M 50kWp TH 48, 000 kWh/ £ TH 523, HE
DY AT AEMFEET HEIT 38, 000kWh/ ERBE L DOZ LT, FHARSKWD
HERIEETE ) 48, 000kWh/ FED 80 HIZHYE T 2L DZ L TH D,
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(2) BHARAY AT &
EEABAEEHBEY AT A (el 2) LIEEBERABRE (v re=—)
REERASN TS,
$7r, BT T v ARHLIZ 400 ~ 1600 WpBLE D BEFF & > 27 & (40T )
PRETEEVWHAFMED 7' v 75 53 1983 F0 LI L > TR Y, ZORRI IR
=hd,

T+

HERAEEBREFOBIRV AT &4 (vt f =) fill



L'utilisation de l'énergie solaire présente un intérét suxr
I'ensemble du territoire national, au nord comme au sud.

La valeur annuelle du rayonnement solaire regu sur un plan
d'inclinaison égale a la latitude et orienté vers le sud varie de
1200 a 1 800 kWh.

1220 kWh

1220 kWh

1 350 kWh

1490 kWh
1620 kWh

1350 kWh 1760 KWh

KWh
KWh 1490 1620
kWh kWh

1220 kWh

795 vARRBITBEMBHEE (ZE )



3. C.GE.RHZER
(1) #5f%E
Compagnie General Delectricite ( BHx C.G.E. YDp R BFRFTO—FFITH 3
Marcousisfiff 32 P7
71 . Route de Nozay, 91460 Marcousis
@) *isE
Dr. Jean —Pierre Dumas (Director, Marcousis #F52F7 )
Dr. Christian Belouet (Engineer, Material Div.)
(3) Marcousis #f%CRATDHEEE
CGERRENVIITAEETB7 5 vAB—DRESBKEA T, kD 4o0%
LN NI 5 ¥ R
(1) =51 % Bl
2) —HESKEM
(3) JmfEHE
(4) Zoft .
Inob, =xF-—BHIz oW, BEE, &, R b - JFE=%
N F = ANDPGFEIZ T T Do
C.G.E.® Marcousispf 42 frid, IR 450 AZ A THR D, RO 6 DDEREIZ D>
nNTW5,
(1) Optoelectronics
(2) Electrochemistry
(3) Energy
(4) Information
(5) Material |
(6) Optronics
Photovoltaics BAf& ( V & v #&05E ) O %IE 4 T, Marcousis #2277 D Material
Division Tfr /s bt TW 3,
(4) Material Division
I TIRbTCWBAHRIE 7 7 v A= 2 ¥ — 4 (French Agency for Energy
Management, B&Fr AFME )DCHEERMBAZE 5 7 &t (1982 ~ 1986 % ) D—ER &
LT ERIBCEREZBWHAPREEN TS, (R3-1, H3-1&MK)
CZTORRILCGE 74— 7ORBEMBIFE LI & L TI1980FICHIL SN
PhotowattfH iIZFI I S 6 T LT/ o T o,
WA Photowatt HiZ 5O BIZHE S0, Wacker # o Silso A, CEIEX 17z
TNF IV — VEREREREBALT, KBBEBR A F AL EEEL TV 5D,
(@ 1vav b -FxAT4 v Frer (POLYX)

Photowatt #: & t[FT, [POLYX | EHEN LMY = — ~ 2B+ 5 5l
ERRL TS, 1984 FFICAEEMRELETDLOIC, 1 vy b -Fr AT 4 V7
Da vt e—AHEORRERBL Tn5, HEW0keD M v = > b2 RAFLTE
b, Thz=<=rF - 74 7— -V —=TAFA AL, 350pmDF ¥+ A b7 xz—n%k



BETOIWRELERL TV 5,

COHFETRESNZF v A - V2=~ (100ch ) & 112 U TERDEIOS
EETVWDEDILTH D,

SBOWFRAEL LT, 1986 FICEBRELR25CECHLEIED I BT
TWb, ZhickV, KEEL - SxATWpHED 48 (#5900 /Wp) 2HIEL T
Wd,

b)) VA VERESI LT e X (RAD)

RAD I Ribbon Against Drop EEFR T, 200 ~ 400pum O Hh —H v - 74 VA%
AFENLY ROERHBOAY v P56 EFICHEERNICS]E 1, HEL Y RRICEE
LTWadv Y aveihi—Ry 74V a0BEICHESE, THEGHSETS
fEEo > ) a2 VB ()R ViR ) ORI 100 m BURFT, VAR ViR OMEIE Son
ThHD, VA VERIE EITHEEENI0m [ EFELEDETH D, 4 ah D/
N TCEBRBEINCHRIOG TR EZER LI2Z b b D0, KERZHBRT~NERHE
HiZ%<HY, RRLTED0ELOHK S 3 ~4FRICRLRVES DR VE
DETHol, BEDHML ~ A TiE50umdD ) R vER TERESZ LD
EThH D,

T, RBHROMEBEAIZOWTE LD TRl T 5,

(i) HEBEH—-FEv - 740608
Marcousis B2 ff TPure CacbonZ#HEA L, ZH% 2000 CicHEL, 527

- A — AR v (Aromatic Carbon J\(CERT B, TDHF5£A5 - H—FR/igv ) =z

BRI L BIRE, EMRL CARELANWEDE, ZDI47 - h—AvEil

FHATHAL, BEIYE VRO —F v - 74 L a3 8ET 2, ZOFET

WESE10 8 ("83 4E108 ) 2B X 200D v A vk » — & VEOBEIZHT L Tn

B0, BETREMEAL LT KELTREDRY (SiFI & Non - Re-

active )7 — R v - 74 L 2BTER (8, B X const) THIET > RKEAELM

BRI L,

(i) =~V = vEED A =R H AHIE

FEv ) 2 v (#5mABDOHE) OBRBEEY ) 2 VEIIRD A = A7 AD

BETHEESNATRY, YVavis—FRy . 740 s0BEREOEN X

D, VA VEREERICTREOMELAIRE LTS LEDE,

() Bl& BiFEEDEICHES RoFE
(®) VA vEEEL Edge iz Crackd 34 ( Ao v REMOARZE S L Y FET

%)

¢y VR VERDODESOFRE -

® VR VEROERBICRERE



8cm/ min H “

10cm/ min

(i) VR kR Synmetry
N R T A s 0 FEA T O B R DR
Thick), £H0Y FviEdnFEs, RE—EIBELbN 5,

PRE S =N

v 2 YRR

4 BT R

I3

12~15c¢m

(v VARVEROR Y 2 vER
VA VEROEI I n THECIHLTWS, ZDH, h—Fv-. 741 2a%k
MEEESHE, MOV Y 3 v - ) RUEREREE SR, BRTIERNEL,
AN = AINBRISZLUEEZARLTHERLLEDETH D,
(5) RADSEERZERYER UM TORM
(a) RADBFFHDE—FHFFH Th D Dr. Belouetiz ThE, VA vERIIE RiFoR



FXIEEICEL <, FALORLL, BRETax v T2 Z KR VWED
H, FOFRL, BEAOMBEEPBRTELEL T 22 v HiR2DIE3 ~44
KWl B EDERE o7,

(b) RADSEERHERIT—E LA, BADHBEMAARNOERLTWILDT &
EBOIRELT, & ETBRBICHERE A 7= X 2% ] AN, 5% L7
DA VESROENIL, VA VESOFL BIFBHNEE LTS,

(c) BEBEM, £EHICOWTHET DT, BHAEEELE > T TSR
MTH B,

d) E72, FBREV A TORMBRBEETHZDOT, RRALDA 2 — 33T
VA

SUB- PROGRAM CONTRACTOR REFERENCE TIME-SPAN
PROCESS
o1 pHOTOWATT s POLYX INGOT 51 1984 - 1986
POLYCRISTALL IRE
FRANCE-PHOTON || semix IngoT 1984 - 1986
CELLS & MODULES ' '
PHOTOMATT s | rap RIBBON s | 1986 - 1990
s
SOLAR GRADE
SILICON S0 > | RHONE-POULENC |5 SILANE SIH4 1984 - 1986
3
AMORPHOUS SILI- SOLEMS GLOW DISCHARGE 1984 - 1990
CON CELLS >
.1 soLAR-FoRCE o1 MaRkeT | 1982 - 1986
SYSTEMS
OTRER o awnaLysts o1 1984 - 1990
COMPETITORS

M3—1 AFMEOWIERT — <

baffle /[\ u /Si layer

working freesi
coli _ freezing
front
: /susceptor
/
-~
/ T~
7
/ crucible

/ (slotted bottom )
Si melt /< substrate

X3 2 mmu£vw%Lﬁ§ﬁ

—20—



4.

7—% . 7 -3 v
1 FhRI%k
Rhone Poulenc Specialites Chimiques
(5= 7= 5 VHEHRLERE A )
77 . Les Mitoirs - defense, 3 —92400 Courbevole
(2) &
Dr. Alain Lambert (Director, adojoint direction general)
Dr. Jacques Calzia (Senior Engineer, Planning Div.)
(3) m—%-7—35 g E
7 7 v ARKOERBEE S TREANIOLAZ 2, RS9 ot
HThHo., FEAMNL, BN, SR, BEES, 8, REREM, 2ofi%
ichic 2BMO B L HFORALFRELTH D,
P—3X - 7=5 YHASZHTEETORENFLTEIIBEL TEST, KBE
WeLEER YY) 2 vEEDBEREL TOhMWELE THEAUTH o7,
=3 T=F VHDAXT TN I ANV GHER L e — % - S5
VAR ¥ YT 4= i — 7N AFME BB 4 18 T Solar Grade Silicon ¢ i}
TR EHEL T 5,
(4) Solar Grade Silicon® I} ¢ B 3
r—3R - 7= 5 vHTIR1976 FHE v T VEEEORMBRE T L T o,
CONEEY 7 v aBLEE AWCERME 7 e ATEMED /v F v BT
BHDTH B, KBLBEMM > ¥ 2 » (Solar Grade Silicon )|z €/ > J v D27 5 v F
VLD RBIRCRESN D, HAER TON/ED A r vy b 75 v P THEEH
FrEREL TWD, FRMBICHEEL T LHRBBIIOIARE T, Mok
FZrANDEM0EBEILRDEDHE THol, =2 - 7=F vHELT, 5%
ARBANZKBEEDLR > ) 2 VEBICEET 20 L5 DOREE 2~ 3 7 Hik (59
5~6)ICTTLDHE, 75 v A= ¥ -4 (AFME)DFHHE Ti& 1984~1986
FiZE /v 7 vOBMBEMEZHREL, TORK 1986 4512 Solar Grade Silicon (SOG )
FEI0TONREDO 7 7 v P HRZ AL, REEICIE SOGHERE 800 TON 07 7
VIMCHERT DI Lo T D,
Erz, TICHEHE SN D SOGORGEM#FIX AFMEDZE 7 Tk $ 20/ks (1982 value )
BTFILIEWERTH D,
=% 7= vitides v v AL TIRARMLL, BHCEME LTRFEL T
W53, AFMEDSOG 100 TON/ 7 5 v b QERICBE T 250 E 50, RIZHEE
LTwWigv, £oHiE LT, AFMED#E) &3 2K ¢ D Max50% T, Ling 7
mYx 7 BRI LIEGETRE L RTIERB RV ERE L T,
FFEE L THEEIER D Merit L SOGEIERMMFBORE Y A 7 2 FH L THE
HHREEZEL TOAHEFTH o,



B - (LEFE TR NRE
HAEBIT L7 7 » 2 FEBAT & O OB e

BBRA9FE 7TH2HICERET, KO BAREBML 75 v 2L FEBRF L OB OB R
WA EDELI TN,

HAEBRE 7 7 v ARNMEBA & OO MG I1HE

AAREBFRE 7 5 v ALFME BRI,

195345 B 12 HIZBRAESN-AEARL 75 v 2 L OMOALB EL B EHM 5 BIZE
TZMEDINELTHEOTHHILEERTIL LB, MATRNT, GEMOR
FHEMBIOBRERELPERL TWDZEIZEEL, »2, ZOBIRALBHIEEDOFT
SEDLLWKHEBREDIZLEFLEL, TOTREBEETHROEBO FIZEBESE AL
ERBELT, KOELEBYHEL

LR ES s

WBAE, BHEEMOFICRT 2WEROBRNEZ RS 5. TOBIE, WDk
BOFETH 5 L0 LN BRFEHMOEIFNRBNT, HAERT 7 7 v ADBUFEE
B BUR OBE T DREDOR TIrbih 5o BIMMOERIT, BERMoEFICBT 5
FEROBEEZZRBIZANL DL T D,

B2
BHE M 0, Fic, ROFEKIZX > TEli&Eh 3,
(@) BEHERUEREOLH
b FEONFERUVEMERENT 2HHS, €317 028V Fhpr—FoEII
BT 56
(c) FLEBFFEFTE K UL R H R O £
@ BHEERICET BIEROLH

#IL
1 ZOBEOBNEENT 5720, BARFEMEAERS (LT IEAL) L03,)
DRREIND. TRASZ, AL LOBRBEBL TEDDHIZ, BARERDT 77 VAIZ
BWTHEILEET 3o
2. HFIHAN, BEEL, ZELOBFBOTIRBSN 5. HFIHLE, BEDH
FlCHIT 2% ML, RUKET ZEBEET Bo

L. ZB&ER, ROEBEZET 5.
@ BAEMHBIICBET D2 HRELMBEIZEL, BROTBETI Z L,
O ZOBMEDCKREEZRNT DI Lo



© BHFBEEZIERL, BBEMKRET LI L,

@ BEEBHIORBREEET OO RMEHBELZ, HDEITLL, HEFICRE
T5Z L,

2. REEE, WEHEOBEICE IV TRESN TWAIEEZERIIHL TZDE
BrBmT 5.
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THE FRENCH PHOTOVOLTAIC PROGRAM : 1982 — 1986

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

SUMMARY

The french photovoltaic program and Iindustrial strategy over the 5
years 1982-1986 period are presented. A statement of the objectives of
the program 1is given in economic terms. Then, the most significant
technical choices, from photovoltalc material to modules and systems,
are outlined. Long~term R & D 1s 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 1t 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 wvast 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 1s recognized
that in order to enact a major industrial effort to promote PV industry, it
is necessary to integrate a natiomal silicom 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 7/3 conversion



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 SiH4, then SOG powder by cracking. This process is very attractive
for many reasons : the yield is almost 100 % in silicom ; 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 S0G. 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)

PHOTOWATT and LABORATOIRES 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 cm%/12 % cells by
1986, leading to $ 4/WP modules.

FRANCE—PHOTON is also integrating polycristalline silicon cells manufactu~-
ring, but will not prepare wafers by itself. It has already achieved very
good conversion efficlencies 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. Con-
version efficiencies of 15 7% have been achieved on 4 cm? cells in 1983 The
1986 objective is to reach 50 cm2/12 % cells.



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 1is due to begin ope~—
rations in 1984. In 1983, 1 em?/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 Iintegration. SOLAR-FORCE 1is 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 im 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 CNES to
develop module standarts and testing procedures, together with the interna-
tional Electrotechnic Commission (IEC). AFME is also setting up a systems-
testing network with numerous partners, the variety of which 1is adapted to
the variety of the systems. This network should be fully operational by the
end of 1984.

SUB~ PROGRAM CONTRACTOR REFERENCE TINE-SPAN
PROCESS
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POLYCRISTALLINE ' i
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LS
SOLAR GRADE
SILICON So6 RHONE-POULENC || SILANE SIH4 1984 - 1986
T
AMORPHOUS SILI- SOLEMS * GLOW DISCHARGE |5 I 1984 - 1990
CON CELLS
SOLAR-FORCE o1 MARKET L] 1982 - 1986
SYSTEMS
OTRER | awaysts o1 1984 - 1990
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FIG. 1. FRENCH PY PROGRAM TECHNICAL AND INDUSTRIAL STRATEGY



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-5i optical
and electrical properties, a—-Si alloys and multilayer cells ; advanced mate—
rials R & D is pursued, like AsGa/GaAlAs multibandgap cells, CulnSe2, 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
] 7 _ *
$ 19 MILLI1ONS $ 28 MILLIONS $ 17 MILLIONS MINISTRY OF
LONG TERM R & D INDUSTRIAL STRATEGY DEMONSTRAT ION INDUSTRY & RESEARCH
THIN FILMS 463% RHONE - POULENC NAT TRY “OF
TONAL ';ELECOMJNICATIONS
¥ ¥ _ ¥ ¥
POLYSILICON 24 % PHOTOWATT OVERSEAS
OVERSEAS TERRITORIES
4 ¥ ¥ ¥
j MINISTRY OF
SYSTEMS 161 FRANCE-PHOTON INTERNATIONAL FOREIGN AFFAIRS
N ¥ &
CONCENTR., 7% SOLEMS
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\ ¥ FUNDING
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FIG. 2. FUNDING OF THE FRENCH PY PROGRAM : A 1982 - 1986 FORECAST



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, SOLECO, SOLELEC ; engineering companies
are integrating PV design capabilities. Altogether, PV activities im 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.

For further information, please contact October 25th,1983
Louis P. DROUOT

Solar & Geothermal energy department

AFME - French Agency for Energy Management
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