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La ressource



Photovoltaic Solar Electricity Potential in European Countries
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1tep=11,6 MWh
1 baril = 159 litres
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Les rendements
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La production
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Fig. 1: World PV Cell/Module Production
from 1990 to 2009

(data source: Navigant [Min 2010, a],
PV MNews [Pvn 2010] and own analysis)



Cumulative Photovoltaic Installations [MWp]

FIg. 3: Cumulative Photovoltaic
Installations from 2000 to 2009
(data source: EPIA [Epi 2010],
Eurobserver [Sys 2010]

and own analysis)
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Fig. 2: Annual Photovoltaic Installations PV StatUS report 2010
from 2000 to 2009

(data source: EPIA [Epi 2010], http://www.eurosfaire.prd.fr/7pc/documents/

Euroh Sys 2010 d

i = e 1283851543 _pv_report_2010.pdf
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Fig. 6: World-wide PV

Production 2009 with future
planned production capacity

increases
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http://www.epia.org/
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Figure 2 - Evolution of the World annual PV market 2000-2009
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http://www.photovoltaique.info/IMG/pdf/201
0144513 etatdeslieux300620102.pdf

Evolution de la répartition du parc raccordé au réseau
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Evolution de la répartition de la file d’attente en MW (France métropolitaine)
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Les colts
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Les champions actuels : First Solar, technologie CdTe

» Module Cost Per Watt Trend .

e
First Solar.
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0.65S/W in 2010 annouced



La compétitivité

CoUt total systeme : Modules + systemes électriques
2010 : 4-7 Euros /W installé

Fermes solaires : 2-3 Euros /W

Productible : 100-150 kWh/m2 par an sur 20 ans

- Colt du kWh photovoltaique

- Concept de parité réseau : colt PV = prix de détail classique



PV Platform

Figure 5: Generation costs of PV electricity®
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Grid parity in Europe - 2010

(lines to guide the eye)

Bhoto'/oltaic

THOIHINO L Oy 1I'LATHFORM

irradiation PV generation
(kWh/m2.yr) cost (€/kWh)

600 0.50
1000 0.30
1400 0.21
1800 0.17

EUPV TP GA 06 June 2008




Grid parity in Europe - 2015

(lines to guide the eye)

Bhoto'/oltaic

TEHOCHINOLOGY PLATFORM
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irradiation PV generation
(KkWh/m2.yr) cost(€kWh)

800 0.42

o 1000 0.25
1400 0.18

1800 0.14

EUPV TP GA 06 June 2008



Grid parity in Europe - 2020

dhoto'\/oltaic
(lines to guide the eye)

THOTINOLOGY I'LATHORN

Rl e e R R

irradiation PV generation
(kWh/m2.yr) cost(€kWh)

600 0.33
1000 0.20
1400 0.14
1800 0.11

PV Electricity will be competitive within the next years

EUPV TP GA 06 June 2008



Les acteurs



35 premiers 2009 Pays 28 | NM9 |Croiss.| Part | Comul
First Solar Inc. (US) |US, De, ba| 504 1100) 118% | 9.6%| 189§
Smmtech Power (Chins) Chma| 447 T 4% 6,2%| 1824
Sharp (Japan) Tapam| 473 5395| 26% 52%) 2939
Q-Cells (D) Dl 570 551 -3 4.8%) 2040
Tmgh (China) China| 282 525] BT 4.5% ELet]
T'A Solsr (Ching) China| 304 5200 3% 4.5% DB
Eyocera (JTapan) Tapam| 2% 40| 8% 35%| 1458
Trina (China) Chima] 210 o0l 0% 3.5% 38
SAmPower (U5)| Philippmes| 237 397 G8%s 3.5% 418
Gmtech (Tarwan) Tawan| 18] 368 1% | 32% $14
Motech (Tarwan) Tarwam| 272 30| 3I% 3,1%) 1030
Samyo (Tapan) Japam| 215 50| 21% 23%) 1050
Wingho Solar (Chins) China] 175 150 49%: 2.3% 0
Solarfion {Ching) Chima] 170 50| 53% 2.3% 430
Schott Solar (De) US, Dl 148 120 54%: 1075 T80
Bosch -Ersol (De) Dl 143 00| 40%: 1,7%% 4a2
Saolar Wodd -DC (De) Dl 180 00| 25% 1,7%% 48
FEC Scamcell {To) Norway| 135 130] 4% 1,1% 385
Mfitsuiishi B (Japan) Japam| 148 120 -18%% 1074 741
Diel%aolar (T amwan) Taiwan B3 85| 0,8% 147
Isofioton (Sp) Spam| 130 70| 4% 0,6% 517
Ninghai Fisen {China) Chimea T 0 e 0,6% 155
China Tight Solar (Ching) Chimea i T0( 218% | Ou6% 105
Snzhon Shengong (Ching) Chimea 15 GO 300% | 05% &8
Shangha Topsol (Chins) Chimea 43 GO 25% 0,5% 108
Zhegisns fam Valley (Chins) Chimea 38 55 4% 0,5% o
Trooy Scence (China) Chimea 7 501 B3% 0.4% 108
BP Solar (UT5) b, 5p.Aus, In ] 40| -34% 0.4% 655
Photowatt (FI) Fr 58 40| -16% 0.4% 174
Tizmzmn SnmFeng (Ching) Chimea 50 45| -B% 0,4% 121
Wingho Shanshan Ulkica (Ching) Chimea 30 41| 40% 0,4% 102
Faneka (Tp) Tapam 57 40| -30%% 0.3% 129
Eymmnsdons (South Fores) |South Kores 15 35| 40%% 0,3% g5
Shangad ST Solar (China) Chimea il 301 50%% 0,3% 50
Polar Photovolizics (Chins) Chimea & 15] 150% | 1% i
Anmes fabricans 1813 3024 67% | 265%| 6743
Cell World ToTh| 11 432 40% | 100%| 30 302
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Les 13 premiers en 2005
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Les filieres

Voir I'article qui vient de sortir en kiosque :

« L’électricité , fille du soleil » numéro spécial sur | 'énergie

Dossier Pour la science Oct-Dec 2010, page 47-53

D. Lincot, J.F. Guillemoles, P. Roca i Cabarrocas, L. Escoubas, A. Slaoui
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Technoloey| 2005 2006 2007 2008 2009 | Cumml
sc-51| 614 o7 1646 2753 373 11051
330 179 19% 36% 3305
1 e -E SeE oE — j'_j% Part des technologes en films mmces
me-Si| 986 1165 1941 3647 35333 | 15294 T
53%  47% 45% 48%  47%[ 48% 300 {| —8—ssiE
Ribbon| 356 65 o4 115 159 651 _
9% 3% 2% 2% 1%l 2% 12.0% 91 ——dte
csSi[16356 2157 3682 6315 0222 26903 HO% T —w—cs
89% 86% 8§6% 83% 81%[  84% 10.0% 7w esi
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33% 4.7% 44% 4.3% _'7,35:.- 5% B.0% /
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Fig. 7: Annual PV Production
capacities of Thin-Film and
Crystalline Silicon based solar
modules.
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La filiere silicium en plaquettes : record 24,7 %
Modules 12-20%, 81% marché

double layer finger “inverted” pyramids
antireflection N
coating

thin oxide

p-silicon (~200A)

e P e L

rear contact oxide

I..=42,2mAlcm? ; V_=0.706 Volt ; Mp=24,7%

Cellule PEARL M. Green et al UNSW (Australie)



D. Lincot SLC —Autrans —Oct. 2009

Interdigitated Back Junction solar cells

_ _ ARC SiN,
Alkaline based texturing :i
n*-layer: Floating Junction

Mono Cz-Si p-type: 9-10Q.cm

d

ack Surface Fiel n*-layer: Emitter

Si0,/SiN, stack

Base contact Em'rl‘te} contact

IEEE PVSEC 2009

Robbelein
Imec 2009 3




D. Lincot SLC —Autrans —Oct. 2009

» 315 WATTS

> 19.3% PANEL EFFICIENCY
0 S CElL EFFICIENCY
Autres tendances :

Tranches fines (100 microns)
Découpe Laser

SUNPOWER

Smarter Solar




La filiere silicium couches minces

Rendement : 6-8 %
Laboratoire : 13 %
5,6% production

Cellule & double jonction

Contact avant
Cellule au Silicium amorphe )
v 5
erre 5 _< )
o [~ Sn02 E
& N-aSi -
o
£ b
b
P-aSi A

Contact arriére

Dépobt des couches par CVD Plasma a partir de silane et hydrogene



D. Lincot SLC —Autrans —Oct. 2009

Thin Film Line

| @M EGEER
Manufactured by Applied

SunFab™

"l

—re | ﬁ....r.mao%frr&-%gu @

Source : J. Wanegue, Valencia 2008




Modules photovoltaiques flexibles et légers

United Solar Ovonic

module struchee

A

B :
Rt Maemy . poemw g1t e e 09

Source Photon Magazine March 2009



D. Lincot SLC —Autrans —Oct. 2009

Multiurcto”

single junctio
~9%( stab.)

p-layer->

j-layer=>

n-layer->

J Meier 9.5% on LPCVD ZnO
Sonobe 9.3% on Asahi-U

fec/mo/og}’

Doublej

~12% (stab-)

Micromorph
Pioneered
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by IMT

Triple
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Les cellules solaires CdTe

Laboratoire : 16,5 %
Modules : 11%
Production 10%

Verre (3mm)

Sn0, (0.5 pm) L

N CdS (0.5 pm)

P CdTe (2-5 um)

Back Contact (2 micron

Verre (3 mm)




10.8 % M

S ™
| htp://www.fir
R.pdf




La filiere CIS (Cuivre Indium Sélénium)

Laboratoire : 20,3 %
Modules : 8-13%
Production : 1,7 %

Verre
Contact
\ EVA
ZnO (1 um)
CdS, ZnS 50nm

Cu(In,Ga)Se, (2 um)

Mo (0,5 um)

Contact

Verre




D. Lincot SLC —Autrans —Oct. 2009
Source : Prof Nakada




La connectique « monolytique » des panneaux en couches minces

«<—  1dt Ratteming

«<—— 2nd Patteming

Mise en série des cellules _
“— 3rd Patteming

Par Courtoisie : Dr. Hans W. Schock (IPE)



D. Lincot SLC —Autrans —Oct. 2009
La maison Zen (Zero Energy Net) in Chambery of Alain Ricaud
Positive energy house in France http://www.cythelia.fr

PV System CIS (Sulfurcell) 13.5 kWp 12 000 kWh/year
for 9000 kWh/year consumption



Cellules CIGS sur des substrats flexibles

K. Otte et al. Thin Solid Films 511(2006)613

T>500°C T <400°C
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Flexible & lightweight CIGS solar cells on polymer films

World Record Efficiency of 13.2% (No AR coating, total area)

Vo =646 mV
FF =68.7%
Jge =29.8 mA/cm?
n =132%

cell area =0.595 cm?

—
N
£
o
L
<
S
=
>
=
7
c
[}
o
-
c
(]
bt
=
=
]

'I_I_|_I_I_|_I_I_|_I_I_|_I_

300
Bias Voltage (mV)

Recent development: 14.1% efficiency measured at ISE-FhG

Thin Film Physics Group, Laboratory for Solid State Physics



Meilleurs rendements : Coévaporation sous ultravide
Codts élevés

substrate heater
thermo element

mass C T & 3
spectrometer
‘ ; substrate

Ga Cu

metal sources

5 .

in Cu

chalcogeq
sources



Méthodes bas colts : Sérigraphie , électrolyse
Rendement plus faibles mais co(ts faibles

Substrate Efficiency Air Mass Index
Soda Lime Glass 13.6% AM15 2
Molybdenum Foll 13.0% AM1.5

Titanium Foill 9.5% AM1.5

Polyimide Film 9.3% AMOQ P




Dépot électrolytique (IRDEP = Nexcis)

Réaction globale a la cathode

Cu?* + In3 + 2HSeO, + 10 H* + 13 & > CulnSe, + 6 H,0

Réaction a ’anode
H,0>%0,+2H*+2¢

Puis recuit

électrode deI
référence

Record : 11,5 %
Modules proto : 8-9 %
Industrialisation en cours

potentiostat
\/ e-
|
cathode
Cu2+
Hseo, N&"
L] In3+ 8042—
s

H,0, H*

11




Les autres filieres
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Les cellules nanocristallines a

colorants
SHDE ﬁﬂ m SHDE
’ﬁ”l-,_,!‘lxjaf’“ iy !
hv E+E|EGTFUT‘I
Electrnn I3

Electrolyte

’ﬂ x‘r (_QSQJU (acetonitrile)
ﬁ_ﬂ{? qu&\;\TﬂﬂnuEnD

Principe de fonctionnement
| , » [istance dune cellule a colorants.

0 10 microns
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Rendement IRDEP avec ZnO : 4,5%




Les recherches menéees a I'IRDEP



IRDEP is developing both targeted projects to address specific issues and exploratory
research projects on innovative and fundamental issues.

Research Programs of IRDEP

.

", CIGS technologies

- Low cost electrodeposited CIGS Solar cells
- High efficiency CIGS Solar cells

- Ultrathin CIGS Solar Cells

. Very High PV Efficiencies (©50%) and new concepts
- Photonics, photon conversion, hot carriers, intermediate band gap, multijunctions
- Theory and Modelling

Exploratory thin film research

- Nanostructured hybrid solar cells

- Transparent conducting oxides for high efficiency solar cells

- Deposition processes (Electrodeposition, Chemical Bath deposition, Sputtering, ALCVD...)

http://www.enscp.fr/IMG/pdf/plaquette_IRDEP_2009.pdf




Cellules CIGS par électrodépot: Objectif colt de production

20

Record 19.9%

187
18t Record 15.4 %

L - Solopower
14 cuin(se,S),

Record 12.3 %

IRDEP ({11.4%)
IRDEP

Irdep
121

Atotech Plilote
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Nouveaux concepts photovoltaiques tres hauts rendemenst
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Premiers résultats : collaboration IRDEP, LCMCP




Perspectives



Flg. 12: PV growth in the European Union
and estimate for 2010.
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Figure 3.2 : Capacité installée annuelle du PV
mondiale jusqu’en 2030
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This sets the scene
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TECHNOLOGY PLATFORM

PV technology development

Achievements, challenges and opportunities o Industrial sector objective (SET
. Plan):
The Implementation Plan for the )
Strategic Research Agenda Establish photovoltaics (PV) as a clean,
Wim Sinke competitive and sustainable energy
on behalf of Working Group 3: Science, Technology & Applications technology providing up tO 12% of
4'h General Assembly European electricity demand by 2020.
Vienna, 19 June 2009
The Implementatfion Plan 1 4th General Assembly, Vienna, 2009
1980 2009 2020 2030 Long term
Rounded, potential
indicative figures
Typical turn-key system =30 4 2 <1 0.5
price
(2009 €/Wp) (range 3 ~7) | (range <1.5~ 3)
Typical electricity >2 0.25 0.12 <0.06 0.03
generation costs
Southern Europe (<0.10 ~0.18)
(2009 €/kWh)
Typical commercial flat- | up to 8% up to 15% Up to 20% up to 25% up to 40%
plate module
efficiencies
Typical commercial (~10%) up to 25% Up to 30% up to 40% up to 60%
concentrator module
efficiencies
Typical system energy >10 2 1 0.5 0.25
pay-back time
Southern Europe (yrs)
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Accelerated, Extended “ PV2030 + ” Roadmap
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http://www.desertec.org/en/concept/




