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AT&T Boeing Boeing |,] NREL ., EURO-CIS
Bell Lab. CIGS Absorber Group
Evaporated-CdS/ CIS Absorber (Cd,Zn)S Formation
Crystalline-CIS Formation Buffer Three Stage | 0-20m2
Bilayer Process " Process
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1984,1987 1996
ARCO Solar Showa Shell
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Sulfurization
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Load Transfer Deposition Transfer Deposition Transfer Load
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Heaing Transport
B System
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M. Powalla, “The R&D potential of CIS thin—film solar modules”. Proc. 21 EUPVSEC (2006) 1789.
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Zn(0,S,0H)x buffer/Cu(InGa)(SSe)2 module
J 0) I'EJ J: Device ID: 8M-381 Device Temperature: 25.0 + 1 °C
SC Sep 13, 2001 12:03 PM Device Area: 856.8 cm?
o = -y Filter QE System
Zn(O,S,OH)x/ \“jj?% .O‘Q. Ne=L PV Performance Characterization Team
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R&D Transition Commercialization
| |
Stuttgart Univ. ==> ZSW ==> Wirth Solar
[
Uppsala Univ. ==> Solibro AG ==> Solibro (Q-Cells)
[ [
Johannesburg Univ. ==> Johanna Solar (Bosch Solar CISTech)
NREL ==> Global Solar Energy (Solon),

Miasole, Nanosolar, Stion, and more

Hahn Meitner Institute ==> Sulfurcell
(Helmholtz-Zentrum Berlin fiir Materialien und Energie)

[ARCO Solar] ==>[Siemens Solar Ind.]==>[Shell Solar GmbH] ==> AVANCIS

Showa Shell Sekiyu ==> Solar Frontier

Honda Engineering ==> Honda Soltec
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-Academia: demonstrate the potential of the materials
excellence on a small-area solar cell.
-Industry: improve the global competitiveness on a product.

20% @ . - &*__ =
efficiency Wik
demonstrated by—=  \ =
NREL (20.0%, - = —.o = =
2008) and ZSW

(20.3%, 2010).
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Device Structure

MOCVD-non-doped  £N(0,S,0H), buffer

ZnO layer as a part CIGSS surface layer
of buffer \ / MoSe, or Mo(SSe),
BZO CIGS
window absorber Substrate
n-type n-type  p-type Metal
TCO Buffer ~ Absorber Base
Window Electrode

about 3 um thick.
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Production Capacity [MW/a]
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- First Solar.
$1.29/W
$0.93/W

100%

A $0.175E (AR EHLRD A2 /37 :56%)

18-25%

o A $0.308!H

. o PV/2030+ T

By 3-4% o $0.52 - 0.63/W
- (3]
- 56-68%
Q107 Q109 @ lThroughput J Spending : Low Cost ! Plant Scale : 2014
Cost/Watt Cost/Watt Location Cost/Watt

NL—Y T COEE Target

o
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20304 M - KGR EO—FTYT
(PV2030+ 0

BAREFIRILET—BEZ1970EIS60EFBBEFLTLAFHLE

—Kk=2vY)

<—BFEAEHHEUA. 23H/KWh> <CEEREHESEA. TEKWA >
KalR il B R 100 /W 70 /W 50H /W
KISEMD N EBZRE
B 20104F 20174F 20254F

Cell Module Cell Module Cell Module

frimn R Si 20 16 29 19 29 22
a-Si/ it i 15 12 18 14 20 18
SiZLT L
CIs% 19 13 29 18 29 22
-ViE &) 40 20 45 35 50 40
(RHH)
BRER 10 6 15 10 18 15
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EE ] CIS% CdTe
INEIFEELZIL: | -20.0 % (0.419cm?2)_ 20074E108 | =16.7 % (1.032cm?)_ 2001
e iE +19.4 9%(0.994cm?)_200847H | F9A

(BAO&EFE) | :NREL, CdS/\vI7[E :NREL (NRELDFE

~TI o s
+20.3 % (0.5cm?)_ 201058 H fﬁ?ﬁfé@%ﬁf

ZSW. CdS/\vI7[E 2077 . GEANIR D)
Kt -14.2 % (6840cm?) _ 20104F6F | =10.9 % (4874cm?)_
(800cm2Ll L) | Solibro. CdS/\wI7[E 200054 A
ESa—)L: 13.8 9% (9762cm2)_ 20104E4 A :BP Solarex (1#:iR)
BaiE Miasole . CdS/\wJ7E

(BAOEPEmFE) | -16.3 %(839cm2)_ 201047 F

BB LA M. Zn(0,S,0H)
AV P4 -

Hi8#4: Solar Cell Efficiency Tables (Ver.36), Prog. Photovolt: Res. Appl. 2010 and more from Press
Releases.
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Shell’s long term scenario — a transition to renewables
2010
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Shell Long Term Energy Scenario 'Dynamics as Usual'
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