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Institut National de 'Energie Solaire -’ 1nes

INS‘I‘H‘LIT MATHOM AL
LEMNERGIE SOLARE

| @ Associated Partners 2006 N @ Technologies studied

1 — Phtovoltaics including CPV

CED @ csTB ()i

2 - Solar thermal including CSP

3 — Storage and batteries

o T oL Rhonell pes 4 — Building applications

40 publlcatlons per year

50 patents per year

Buildi 10 000 m?
HIEngs - 170 industrial partners :

100 SMEs
30 big groups
40 international

Equipements : 50 V€

Staff : 350

Annual Budget : 40 M€

5 sta rt-up created




Very rapid cost decrease 2lnes

DE LEMNERDIE SOLARE

PV Module price experience Curve since 1379 (2009 5/W)
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But still a bit more expensive kWh nes
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LCOE by Resource $/MWh: 2009 - 2012

Renewables —
Solar PV | $87-196
Solar Thermal $129 -208
Wind $57-113
Conventional 7
Gas Peaking $216-334
Gas Combined i $69-96
Cycle S

0 50 75 100 150 200 250 300 350 400

—— _ , Levelized Cost ($/MWh)
Prices include 30% federal incentive

Source: Lazard Capital Markets 3/18/2009



Towards a kWh less than 7€cts stable “oInes

(no fossile cost fluctuations) R
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The primary role of renewables in the
BLUE scenarios
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Renewables provide from almost half to three quarters
of the global electricity generation in 2050




This renewable revolution anticipated in -B.INes

Certain Cou ntries .. DE LENERDIE SOLARE

Increase of Renewable Energy Sources

in Germany 1990 - 2010 June 2011:

> 900,000 plants
80% of the capacity
in low voltage grids
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I
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27 GW Wind

Installed RES Capacity [GW]
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Prof. Dr-lng. Martin Braun

~The Development of Smart Grids - High Penetration of P into the Grid-
&1 General Assembly of the European Photovoltaic Technology Platform
30 June 2011 - Burcpean Parliament, Brussals, Belgium
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Available technologies
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Technologies used or under investigations ~ ~2-1NES
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Very long maturing i* nes

Best Research-Cell Efficiencies
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Stable market shares between technologies C
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Thin films often presented as the final solution do no
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Crystalline Silicon : Continuous innovations



Technology drivers
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Feedstock and Wafer roadmap

2013 c-5i

Direct Materiails - $9.2B
Indirect materials - Conductive inks
Laminates

Polysilicon

Echeéance 2008-2013 2013-2020 2020-2030
Consommation 5 g/We <3g/We <2pg/Wc
Coiit feedstock 15-25 €/kg 13-20 €/kg 10-15 €/kg

Epaisseur wafers < 150 pum < 120pm < 100 gm

nes
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c-Si

Material quality




Purification technologies o INes
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Metallurgical

Silicon

Silicon

Silicon-

(slim)rod

Exhaust H
unreacted

Silicon seed B
silane

Traditional /

Siemens

Fluidized
Bed

** Heated Hy

Silicon
granules

Trichlorosilane Chemical Vapor

Metallurgical
Refining

HSiCl, Deposition Polysilicon
(TCS) (CVD)

Fluidized Bed
Deposition Polysilicon
(FBD)

Silane
SiH,

u Siemens process from TCS

E Siemens process from monosilane
Various Processes: Solar Grade = Fluidized-bed reactor

Slag Treatment, Leaching, = Upgraded metallurgical grade silicon

Oxidation, Casting Silicon




New purification process
developped at INES
@ INes
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Towards larger and larger ingots ) 1Nes
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DEUTSCHESOLAR

1995 1996 1897 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Year
Higher growth rate and higher ingot weight will increase
ductivity of ingot producti

productivity of ingot production 1nuukg<l

f
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Q 300 kg J.'

024”6 240 kg |
@ 180 kg Ingot size approx. 1 m x 1m x 400 mm
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« Mono-Like » crystallization Nes
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Recent results Schott Solar: 19,9%

INesS
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Use single
crystal seeds
atthe bottom of
the crucible
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c-Si SOLAR CELL
DEVELOPMENT
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Get read of sawing? " INEeS
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Ribbons: 60 to 120 ym
1 to 2 g of Silicon per Wc Il
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Cell'efficiencies: power residual losses nes
Cell ) .
Optical Metal Surface | Volume Resistive
20 89, oss/n = Surface loss optical loss | recomb recomb losses
Record n = 24.7% 3% 3% 10% 0% 2%
ft;'sf}; mono n = 5% 11% 20% 0% 5%
fgf'i;}lc's' n= 8% 11% 16% 6% 6%




New cell architectures

(less surface recombinations) INesS
=>very good efficiencies on thin wafers PR
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Silicon cells roadmap L

Efficiency Roadmap

Project “Jing Gang Shan" 2 15_0‘!-*.;.-2 1.0%
_ g 21.0%-23.0%
Multi-Si Efficiency g C 18.2%-18.6%
Mono-Si Efficency i = 20.5%-21.0%
> 17.5%-18.0%

1.:.;..:::;___ g - ; -
, 16.8%-17.0% 19.5%-20.0%
Full passivation

16.2%-16.5% 18.5%-19.0%
fronl E back cedl

Thinner cell rear

Higher foont
local contact, high-

contacl Axpect
rafio, higher sheet
resiatanca

17.3%-17.5% igher frot
coniact pepect

ratin, highershesal

resisiance emitter,

quality surface
passivation
efmitEr; betber

texturing scheme,
reduce shading

Aoes, betior BSE

better bexturing
achema, reduce
shading logs;
better BSF

Cument industry
efficiencies

. = Factors Driving Efficiency Increase
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High efficiencies architectures nes
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Heterojunction Rear Contact Cell
HET ou HIT RCC

- Grid electrode

p-type a-Si: £ s

~0.01 ym v ] 7| _-c-Si(CZ, n-type)
i—type 2.5 5 - N-Diffusion P-Diffusion

~0.01 ym 7

N-Metal P-Metal

n-type a-Si. (Transparent Conductive Oxide) + *

~0.01 pm | Diffusion pitch

Less sensibles to temperature in operation
Compatibles with thin wafers

Possibilities to get specific modules:ex bi-facials for HET




Resuts of INES on heterojunctions ﬁ INesS
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Record Cell 20,7%
Industriel Process 20 %

2 years of development




HET: Prototype line installed at INES “INes

\ INSTITUT MATIOMAL
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CARACTERISTICS:
» Nominale Capacity 30-35 MWply

» Productivity 1500 cells/hr

> Cells 125 mm or 156 mm

» Clean Room ISO8 1200 m2

> Conversion efficiencies more than 20%




The module encapsulation @ 1Nes
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Cadre
aluminium

2 p d’étanchéité de34a4
- Should be adapted to ' : 0 mm Feuille de EVA transparent

new cells / « Cellules photovoltaiques
.

- Decrease losses and
increase quality

- Integrate the ease of '

recycling Feuille de tedlar _
blanc ou Feuille Feuille de EVA
-Automatise de fibre de verre

. % Marre trempd de 3.4 & 4 mim

Ceflules photovoltaigues

Cadre alumindum /‘
Feullle de Tedlar blanc
Feullle de EVA tramsparent



Exemple of rupture: NICE " INEeS

IhIE TOLIT MATRON AL
LEMNERGIE SOLARE

Lowe Contact Resistance
compared to standard welding

R, [zAm.cm?)

.:. S No more encapsulant
T Tightness through a peripheral
sealing

EEEEEEEEEEEEEEEEEE

Very easy module fabrication

APOLLON SOL AR Very easy recycling



The innovations will reduce the residual
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environment inpact
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Energy payback
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on-roof installation in Southern Europe

1700 kWh/mZ.yr irradiance
REC FBR Silicon in Multistar/R & Ribbonchamp
Elkem Solar UMG Silicon in Epi.c

“lnes
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AIEHHEF

M takeback & recycling
M inverter

[0 mounting + cabling
M frame

[ laminate

M cell

M ingot/crystal + wafer
O Si feedstock

o
o

S-Eur.
2004 multi

13.2%

S-Eur. S-Eur. S-Eur. S-Eur. S-Eur. S-Eur. S-Eur. S-Eur.
2007 multi | Basepower| Basepower| Multistar | MultistaR | Superslice | SuperslicE| Ribbon-
2005 2011 champ

13.2% 14.0% 15.0% 16.0% 16.0% 18.0% 17.5% 15.0%

Résultat Projet Crystal Clear

S-Eur.

Epi.c

15.0%

Ecoinvent 2.0 background

m.dewild@ecn.nl
8 May 2009
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The thin film alternative



Three technologies in competition lNes
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CIGS CdTe a-Si/yc-Si

Light Light

WL (T
n | Znos :D_::*Lm] ‘Glass (1-4mm) m

i - TCO el
CdS  (0.05pm) . 4pm

p [CdS (0.1 pm)
CIGS (2 pum)

Glass (3 mm) |

Best commercial products

13% 11,5% 10%




. . Ines
Aprocess simple and fully integrated R

Deposition of ph?tlﬂefectric
: TCO film conversion films
e— Cl — : - —
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TCO glass
substrate Laser ¥ PECVD (1) PECVD (2)
i
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The chalcogenide routes

2 pm Glass

8 CdTe

CIGS

Zn0Q,ITO - 2500A

CdS - 700A

CIGS 1-25um

Mo - 0.5-Tum

Glass, Metal Foil,

Plastics

CdTe

Glass

$n0,,Cd,Sn0, - 0.2-0.5um

CdS - 600-2000A

& )
o
9. NesS
-
FIER
P * INSTITUT MATEOMAL
DE UENERGIE SOLARE

Best products/ Best lab
cells (%)

13/
21

11/
17.5



Cu(InGa)Se2 or CIGS : Good promises -o’|Nes

INSTITUT MATROMN AL
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Advantages :

— Very good conversion efficiencies at lab
scale

— Not very sensitive to composition

Residual difficulties: Ways of Making CIGS

DEPOSITION

— Indiu and Gallium resources? METHOD COMPANY

— Replace CdS as buffer layer ( = Convnoaton=—. DA

remplacement by ZnS, ZnO...) Selenization Showa Shell

— Deposition process still not mature — [SRASER Miabole
MNanoparticle Nanosolar
sintering
Electroplating SoloPower
FASST HelicVolt

(reactive transfer)



Tendency: Try to remove rare elements -
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A new challenger: CZTS (kesterite) -’ Ines
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Ady Mpter 2000, 22, 1-4

Si
/ \ \ A Teodor K. Todorov g,mpiea
40 /Eﬂiﬁmv
Zn2+ S2- CdTe [ TTTTTTTTe=—ll * Jsc=36.4 mA cm?
/ \ \ N__Sl:r 1 “\ FF=62 %
Cu'™ | +3>32— CIS %EJED - Sample B /
u n — =9.66 %
AT hof  ersemy
2CU™ Zn2* Sn#+ 482 CZTS Fre65%
0

0 100 200 300
Voltage [mV]

Ce®d




Qrganic cells: constant progress " INes
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/”/-- Cellir~C H;:" "
N \
SRR TN Colloidale Sol of TiO2
y 2N\ olloidale Sol of Ti L Cellule
I = i
f PCDTET N -,! lnes | 7,01 %
| b INSTITUT NATIONAL |
| o~ _ | | b DE LENERGIE SOLAIRE ¥
’ PCDTET
g
&
-l
b
=
(=]
47 eV 2
I |5:0eV] 55V
Ceoe |
PCDTBT:PC, BM PCrBM PO

PEDOT:P55

Glass

Record 8,4%: UCLA

Premiere certification IEC: Konarka




High concentration PV ﬁ inNes
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I;a T T T
1.6 — AMI1 .50, 1000 suns

—— 1t subeelk Eg=19sV Fresnel lens.
1.4+

2nd subcell: Eg=14eV H
- — 3rd subcell: Eg=0.66eY e
’ ! r, - - 'E- ' - o 7 il
1.0 e ; A
08
0.6

0.4

Energy flux density (kW/m*nm)

0.2

0.0
o
o

Wavelength (nm) Multiple junction cell

= 4

Cellules Record:
43.5%

" wntag---- n-AllnP window R e n d e m e nt
AllnGaP subcell n-AllnGaP emitter N
196V AllnGaP base Systeme record
n tunnel -
. rl-InGarl!-‘windo:rIe (Semp”US) 33’4%
GaAs subcell n-GaAs emitter
1.4eV E-(;:lal:]s base e
i Visé: 36%
Ge subcell | . B
0.66 eV p-Ge substrate/base

metal con




A summary about the PV roadmap

- INeS
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Turn-key price large systems (€/Wp) 5 2,5 2 1,5
PV electricity generation cost in Southern EU (€/kW  h) 0.30 0.13 0.10 0.07
1 ili - 0 - 0, - 0 - 0,
Typical PV module Crystalline silicon 13-18% 15-20% 16-21% 18-23%
efficiency range Thin films 5-11% 6-12% 8-14% 10-16%
0,
(%) Concentrators 20% 20-25% 25-30% 30-35%
Inverter lifetime (years) 10 15 20 >25
Cost of PV + small-scale_ storage (€/kWh) in Souther nEU B 0.35 0.22 <0.15
(grid-connected)
Energy pay-back time (years) 2-3 1-2 1 0.5




Applications: adapt the module .
technology to buildings e

=T . L B =
I . ._.-:_-::-n-_-.-u-l-l- i

T
=

R







BAMNCO DE DESARROLLO
Wﬂr AMERICA LATINA

Jean-Pierre JOLY

El sefor Jean-Pierre Joly es
diplomado del Instituto Nacional
Politécnico de Grenoble en Francia
(PHELMA) y doctorado en
ingenieria de la Universidad Joseph
Fourier de la misma ciudad. Es
presidente del Instituto Nacional de
Energia Solar de Francia (INES)
desde 2009 y director de
investigacion en la Comision para la
Energia Atomica y las Energias
Alternativas (CEA). Se dedico en
investigar en el campo de las
energias solares en varios
laboratorios e instituciones
francesas (CEA, INES, LITEN, CEA
LETI). Se destaco, en particular, por
sus trabajos sobre materiales
semiconductores y sus usos en las
tecnicas fotovoltaicas.

Contacto : jean-pierre.joly@cea.fr
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Libe Eg alité « Fraternité

REPUBLIQUE FRANCAISE

COOPERACfC}N REGIONAL
PARA LOS PAISES ANDINOS

El INES ha sido fundido en el 2006
con destino de hacerse el centro
francés y europeo de referencia en
el campo de la energia solar.
Abarca hoy mas de 350
investigadores, y seguira creciendo
durante los préximos afnos.

Se ubica en el polo Savoie
Technolac en Chambéry, Francia.

Mayor Informacion en
http://www.ines-solaire.org/

INES
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COOPERACION REGIONAL
AAAAAAAAAAAAAAAAAAAA

La Corporacion Andina de Fomento y la Cooperacion
Regional para los Paises Andinos dan las gracias a los
expositores por haber compartido su peritaje, al publico por
Su presencia y a todas las personas gue trabajaron para
gue este acontecimiento tuviera el éxito que conocio.

Coporacion Andina de Cooperacion Regional para
Fomento (CAF) los Paises Andinos

|IGARCIA@caf.com clement.larrauri@diplomatie.gouv.fr
www.caf.com/ http://www.franceamsud.org/site/




