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Market Tomorrow? AT
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100 2009 prediction that CIGS

o I | § market would grow
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... but in this market prediction the growth is predicted to decline

= CPV Installation Market = Thin Film Installation Market mmm ¢-Si Installation Market
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Market Today AT
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But actually the whole thin film market share has been
decreasing since 2009

" Production 2013 (GWp)
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Source: http://www.ise.fraunhofer.de/de/downloads/pdf-files/aktuelles/photovoltaics-report-in-englischer-sprache.pdf
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a-Si:H is the main loser in the thin film PV game:
23% market share in 2013, c.f. nearly 100% in 2000-2003
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Solar Cells Design AT
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» Recap: how do | build a solar cell? What material
properties do | need?

1. Conversion from solar energy into a chemical energy
— absorption and generation

c<’>LO\C:A

Cell thickness Absorption length

2. Conversion from chemical energy into electrical energy
= photogenerated current (lifetime)

kT
_ L, = / Uu—-7>d
Diffusion length q
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Hybrid Semiconductors AT
. Drift devices, like a-Si:H o
- p-type doped material:
- Copper indium gallium diselenide: Culn,Ga,_,,Se, or CIGS
- Variables: i) Ga conent and ii) sulphur (S), Se, or both
- Cadmium telluride (CdTe)
- Both need n-doped “buffer” layer

Group IV semiconductors Si, Ge

- Absorption and e—-h*
pair generation only /\

N p-type Iayer 111I-V semiconductors 1I-VI semiconductors
GaAs, InP CdTe, ZnSe
II-IV-V, semiconductors I-111-V1, semiconductors
ZnGeP,, CdSiAs, CulnSe,, AgGaS,
©
pn Heterojunctions AT

uuuuuuuuuuuuuuuuuuuuuuuuuuuu

dissimilar crystalline semiconductors, which have unequal bandgaps
(as opposed

to homojunction) Cu(ln,Ga)(S,Se), CdS Zn0O
Buffer layer: = |
e.g. n-type cadmium
sulphide (CdS) and
equivalents
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Structure of CIGS solar cell AT

I Al (6-8um)
Z”O:A‘ !0'1“”‘! Front contact: TCO — ZnO:Al

i::ZnO (0.05um)
= Buffer: CdS,
CdsS (0.05um) Cd-free (InS, ZnS§, ...)

Mo (1.5 pum) Metal back contact: Mo

Glass oder flexible substrate
Glass substrate (3 mm) (FOi|SZ pET, SteeL A|)

Source:

11

CIGS absorber material

Advantages:

Polycrystalline structure
(large tolerance for defects)

aw0H P =
o+
o+ Cu,Se (HT) J

Ky A -

/ v A, ; o+ Cu,Se (RT)

Q i : ‘ \ Il ' L ' L

_%\ © q’\\ 10 15 20 0}25 30
P 3 N/ \w | Cu content (at %)

’ \\ti" (ﬁ\ o-Phase: CulnSe,
. f_’,- _ B-Phase: Culn;Seg
\/\ @ V\ y-Phase: Culn;Se; Cu,,Se

Temperature (°C)
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CIGS absorber material

Advantages:

Bandgap (eV)
40 20 15 12 10
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CIGS absorber material AT
Advantages:
Wavelength (nm)
. 1500 1000 500 4
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- High absorption

0% Lichtintensitat
nnerhalb 1.5 ym
absorbiert
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CIGS absorber material AT
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Advantages:

- Grain boundary passivation

Efficiency is not dependent on the crystallite size, but trade-off

between: o (b)
Ga content | vo
ﬁ : Zn0 0 4
47| ! 151 00 8o © -
Grain size = g
x=0.23 | _ . z0 g 10 —
0 £y - B
= 0
Bandgap — -~ — Y5 -
0 -' : - I | |
D L 1 1 | i |
VOC 0.0 04 0.8 1.2
Grain size (um)
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CIGS solar cells AT
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3.3eV

VAN (6-8um)

ZnO:Al (0.1pm

i::Zné (0.0éum)

\
CdS (0.05pm)

Mo (1.5 pm)

Glass substrate (3 mm)

Source:

16




CIGS solar cells

Typical |-V curve of high-efficiency lab cell:
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CIGS solar cells
Bandgap grading:

Ideal band gap grading both at
« CdS interface (hole blocker):

Kartsruher Instiwt fr Technologie

- Cu-poor composition or
- increased Ga, S content

* Mo interface (electron blocker):

- increased Ga content

Increased Ga content

Ec

ClISe 1eV

CGSe 1.7eV

Increased S content

_/4‘
e
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CIGS solar cells AT
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Bandgap grading:
Ideal band gap grading both at

CdS interface (hole blocker):
- Cu-poor composition or

[ d Ga. S tent increasing Ga or S increasing Ga
- increased Ga, S conten
Mo interface (electron blocker): CulinGe)SesS), ¢
- increased Ga content CdS J— - |
()Zn0 T R ]
[ : ' v
------------- l-----i_--"'"‘:?—--——..__,____ E

Source: U. Rau in Practical Handbook of PV, Elsevier Oxford 2003
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CIGS solar cells AT
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Vocigeal IS Material dependent:

—~ 09} n E, kT
> i V,,=—%=—In(C)

3 o = q q
- 0.8F u " [ ]

% | Cu(In,Ga)Se, \ | C : Function of doping,
= " (3-stage) . Cu(In,Ga)Se, diffusion length and
2 S
— 07} * (in line) hotocurrent
< 0.7 &k 2 . p
S [ bi-layer ~ | Cuns, For CIS:

§_ 0.6 \ r Cu(In,Ga)Se, Voc,ideal — Eg /g — 0.5V
o > Cu(In,Ga)(Se,S),

05 " 1 " 1 " 1 " 1
1.0 1.2 1.4 1.6 1.8 e.g. for GaAs:
Band Gap Energy E_(eV) Vocideal = Eg/d — 0.334 V

Source: Powalla, ZSW
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CIGS solar cells
EQE of Culn, Ga,Se, with different bandgaps (from ZSW module line)

arkuruber bnstitut 10r Technolog e
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400 600 800 1000 1200
Wavelength [nm]
Sample X E.(QE) Voc/Zelle | Eg/q-Vo Jse FF n
[eV] [mV] [mV] [mA/cm?] | [%] | [%]
A 0.3 1.15 625 525 30,8 73,5 | 14,1
B ]0.68 1.39 764 626 20,9 742 | 11,8 Powalla,
C 1 1.67 844 826 13,3 57 | 6.4 ZswW
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CIGS solar cells AT
Analysis of EQE and IQE curves ,
Y oo A: Reflection
- origin of optical losses: . .
9 P B: Interband transitions in
g, Zn0 g Cds EQ.CIGS Zno
1.0 g L_I,_IIIIIIIJIIE{Ii{l.]{llllll-ll%{l‘l‘ly“\ I C: Free-carrier absorption in
y =251 Zn0
S 08 1 D: Parasitic absorption of
c N photogenerated carriers
1)) ’ .
5 06 \E Losses _ - in CdS
= \ i A: Optical reflection .
[ § B: ZnO — recombination E: Photons with A > )\Eg,CdS
E 04 C:ZnO —free carriers - but absorbed within
= D: CdS — recombination
% E: Interface recombination 1 100nm
3 02 F: CIGS - inactive areas - - i i
o G Clos A E F: inactive CIGS grains
\ H: CIGS - incomplete absorption k " G: recombination of Charge
00 1 A L 1 1 M H
200 200 200 000 ppvn carriers at back contact
H: back contact doesn’t

wavelength A [nm]

Quelle: Diss. Kai Orgassa,
2004
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CIGS solar cells AT
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Method Process(es)

_”"""_\—

Metal layers

DA S/ HaS
3-Step-Process

e P ET——
(Sulphurisation) \ _
23 Polycristalline CIGSe

Co-Evaporation

1-Step-Process

2-Step-Process

CIGS solar cells AT
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Co-Evaporation Line Sources
Se Cu Se InGa Se

Load Lock ; . Load Lock

R LLLELELLLRELEN!

Substrate Carrier Heaters

2-Step-Process

Load Lock  Sputter Chamber  Se Evaporation RTP Furnace Load Lock

A\

Substrate Heaters
Alloy Heating at the end only
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CIGS PV modules AT
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Step 1: Glass substrate (window glass 1 —4 mm thick)

25

Source: Powalla, ZSW

CIGS PV modules AT
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s

Step 2: DC sputtering of molybdenum back contact

Source: Powalla, ZSW




CIGS PV modules AT
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Glass i ‘
Step 3: Laser structuring (P1)
2 Source: Powalla, ZSW
CIGS PV modules AT
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P1‘

Step 4: Evaporation of Cu(In,Ga)Se,

Source: Powalla, ZSW




CIGS PV modules AT

CdS

Glas P1 ‘

Step 5: Chemical bath deposition of CdS

29 Source: Powalla, ZSW

CIGS PV modules AT

i-ZnO

CdS

Glas

P1‘

Step 6: RF sputtering of i-ZnO

30

Source: Powalla, ZSW




CIGS PV modules

i-ZnO

CdS

Glas

Step 7: Mechanical structuring (P2)
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Source: Powalla, ZSW

CIGS PV modules

ZnO:Al
i-ZnO

CdS

Glas

Step 8: Sputtering of ZnO:Al (TCO)

32

Source: Powalla, ZSW




CIGS PV modules AT

ZnO:Al
i-ZnO

CdS

Glas

Step 9: Mechanical structuring (P3)

s Source: Powalla, ZSW

CIGS PV modules

Glass '

Polymer
ZnO:Al
i-ZnO

CdS

Glas

Step 10: Encapsulation with polymer foil and glass
Source: Powalla, ZSW
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CIGS PV modules AT

Karturuber Institut 10r Technologie

Glass

Polymer
ZnO:Al

i-ZnO
Cds sl gy

Glas

Verschaltungsbereich

P2 Zelle n+1

P1 ‘ ‘P3

Flow of current in PV module

® Source: Powalla, ZSW

CIGS PV modules AT
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i-ZnO

‘ P1 ‘01‘ P2 ‘ G2 ‘P3‘ active P1 ‘G1‘ P2 ‘ G2 ‘PB‘ Glass

region

[ jModule )
JYodule

______ | p— |
R i ZnO/Mo
S lj (v Contact

I
R 8Y 18Y g,

% Series Connection Source: Powalla, ZSW




Commercial implementations of CIGS PV technology

CIGS PV modules

SKIT

Kashruher Institut 10r Technologie

n-type
Window ZnO:Al ZnO:B Zn:B ZnO:Al ZnO:Al
~1 ym
n-type Buffer
50— 100 nm CdS CdS Zn(S,0H), Cds CdSs
Cu(In,Ga)
’ (Se.S)
p-type Cu(In,Ga) Cu(in,Ga) 2 Cu(in,Ga) Culn
Absorber
~2-3um Se, (S,Se), Se, s,
Cu(In,Ga)
Se,
Mo Mo Mo
Metal back contact M M
~0.5-1pm o o
Barriere Barriere Barriere
Substrate Window glass Window glass Window glass Stalgtlzzlsfoil Window glass
ZSW / Manz Avancis Solar Frontier Global Solar

Soltecture

37 Source: Powalla, ZSW

CIGS PV modules

Method Process(es)
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KIT
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L4

" Co-Evaporation %
= 1-step process .
E Vacuum .
- based .
- technologies -
- = expensive -
. T — -
% 2-step process -
*

8 Metal layers MAN GBS/ e
'.-IIIIIIIIIIIIllllIlIllIlIllIlIllyﬂmnl‘

Precursor ink film




CIGS PV modules AT

Karkruher Institut 10r Technologie

39

CIGS PV modules AT
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Keys to high efficiency:
1) Triple source evaporation = Cu/In rate control
2) CBD for CdS
3) Gallium

)

4) 3-stage co-evaporation

— composition grading
f T B T J T l}
} NR.EL 78w . i
1 .‘.-. e AJ
20 r' , : '*ZW
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| EuroCid . g’ 4) UniJohbo
o | oy E 4 -
S Arco ©% (3R e
= 15+ PR sisssset
o T i SSHE
© | i e _ At
S L~ = i
£ | R qan A }
w 10;— 20" =+ === {E’Wueﬂh -i
I 0 B SSt - i
et |
5 Univ.oi -4
| Maine {
L I b b i

FlaTalal Elalalal [alalalal Lslat ¥al
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Year
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CIGS PV modules AT
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CIGSfab O manz

COST STRUCTURE, where are the potentials ? posson or dficiocy

COST STRUCTURE CIGSfab (214 MW/a) TODAY

BASED ON MANUFACTURING SITE IN ASIA
and start of production in 2014

11 020€ Material In comparison:
— total _ European site
. production costs 21 0.13€ Depreciation smaller fab size:
ey 31 0.02€ Labor = 0.54 €W,
— \ 0.44 €pr 4l 0.00 € Others

(facility, maintenance, energy)

FUTURE

Further cost reduction is major target of Manz R&D efforts!
cost reduction —» < 0.4 €/W within the next years

Manz AG, Bernhard Dimmler -onfidential November 27th 2012 17
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CIGS world record AT
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N
Press Release 12/2014 = \

Stuttgart, September 22, 2014

Zentrum fir Sonnenenergie-
und Wasserstoff-Forschung

ZSW Brings World Record Back to Stuttgart Baden-Wirttemberg (Z5W)
- - . . Standort Stuttgart:
New best mark in thin-film solar performance with Industriestr. 6, 70565 Stuttgart

21.7 percent efficiency

The Centre for Solar Energy and Hydrogen Research Baden-
Wiirttemberg (ZSW) has set a new world record in thin-film pho-
tovoltaics. Scientists in Stuttgart achieved 21.7 percent efficiency
with a solar cell made of copper indium gallium diselenide (CIGS).
ZSW succeeded in bringing the record back to the institute with
this cell's performance. Swedish researchers achieved a new best
mark in June, which has now been surpassed by 0.7 percentage
points. The progress underway in the southwest of Germany is
helping to make solar power more affordable.
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CIGS technology — vacuum-free AT
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Combined result in:
= Ultra-Low
Product Cost

« High Capital
Efficiency

Thin-Film Solar Cell
* Top Electrode

* Semiconductor - -
= Bottom Electrode | = ‘ a)dﬁr,,
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CIGS technology — vacuum-free A

t Technologie

Source: https://www.youtube.com/watch?v=FTiSIZIA3YA
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CIGS technology — vacuum-free

Nanosolar

From Wikipedia, the free encyclopedia

Nanosolar was a developer of solar power technology. Based in San Jose, CA. Nanosolar developed and briefly commercialized a low-cost printable solar cell
manufacturing process. The company started selling thin-film CIGS panels mid-December 2007, and planned to sell them at 99 cents per watt, much below the
market at the time. However, prices for solar panels made of crystalline silicon declined significantly during the following years, reducing most of Nanosolar's cost

114l By February of 2013 Nanosalar had laid-off 75% of its work force.|”] Nanosolar began auctioning off its equipment in August of 201315/
blog that failed y.” and that he would not enter this industry
again because of slow-development cycle, complex production problems and the impact of cheap Chinese solar power production.[”] Nanosolar uttimately

advantage.|*
Co-Founder of Nanosolar Martin Roscheisen stated on his p

produced less than 50 MW of solar power capacity despite having raised more than $400 million in investment.[®!

Contents [huca]
1 Financial backers and manufacturing
2 Managemeant
3 Technology
4 Competitors
5 Relerences

6 External links

Financial backers and manufacturing (edt

SKIT
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Nanosolar, Inc.

¢S nanosolar

Type
Industry
Founded

Founders

Headguarters
HKey people

Products

Revenue

Private
Solar Energy
2002

Martin Roschemsen

Brian Sager

San Jose, California, U S

Eugenia Cormrales i
Dave Jackrel

John McAdoo
Becky Baybrook
John Bender

Selar panels
UIS$3,100,000 (2007)"

Manosolar was started in 2002 and is headquartered in San Jose, California. The company has received financing from a number of technology investers including Benchmark Capital, Mohr Davidow Ventures,
and Larry Page and Sergey Brin, the founders of Google. Nanosalar received the largest amount in a round of enture Capital technology funding amongst United States companies during @2 2006, with 100

million USD of new funding secured [ It also received the largest amount of financing of any private company in 2008 (USD 300 million in Q1).

Manosolar planned to build a large production facility in San Jose, and in Germany at Luckenwalde (Berlin),|"" with an annual capacity of 430 megawatts. Several German energy and venture capital

in this company as a consequence of the favourable economics for solar energy in Germany due to government subsidies. ']

panies have heavily i
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CdTe solar cells

History:

1956 Suggested for PV by Loferski
1963
1967 Large area PV modules with 7= 3%
1969
1972 n = 5% (Bonnet and Rabenhorst)

ab 1980 several groups with 7> 10%

46

SKIT
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first p-Cd,_ Te/CdS solar cells from Cusano, General Electric

Large p-CdTe/n-CdS solar cells from Adirovitch with 7= 1%




CdTe Solar Cells KIT

Light Deposition of CdS
l l l l l l . Chemical bath deposition

- Vapour deposition
Glass (1-4mm) - Spray deposition
Deposition of CdTe
TCO - Spray deposition
Electrodeposition

Screen printing + sintering at 700°C

- Metallorganic chemical vapour deposition
CdTe (3-8 um) (MOCVD) on a substrate 400°C

CdS (0.1 um)

N.B. Relative thick absorber and no texturing

Metal (Mo) or light trapping

47

CdTe Solar Cells KIT
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Principal construction and fabrication methods:

,_back contact
‘ CdTe 5 ym = p-type
| }_CdS 100 nm = n-type, Eg = 2.4eV
' =-TCO 250 nm
| Glass

¥ Licht ARC

CdTe: E;=1.45€V, a. = 5x 10%/cm (at 0.2eV above E,)
Above 449°C CdTe grows stoichiometrically

» Closed spaced sublimation CSS = CdTe granules @ 770°C and glass
substrate @ 500°C

+ Electrodeposition: from water-based solutions of CdSO, und TeO, @ 90°C

+ Screen printing process (Matsushita) = CdS powder, CdCl,, propylene glycol
drying and sintering @ 690°C, (or sintering of Cd + Te powder @ 620°C)

48




CdTe Solar Cells AT
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Close space sublimation Vapor transport deposition Electrodeposition b N{elal orgdanic B
. _ chemical vapor deposition
(~10 Torr) Carrier gas (10100 Torr - +  (1am) Source gases
CdTe 700°C U (1 atm)
//\\ 80°C N
AN 600°C ~ 00—400°C
P, "\‘\".\ \'\ \- >
| I {T00DN
d=1-15 pm @ -5 pm/min d=1-10 ym @ 0.1-1 pn/min d=1-2pm @ 0.01-0.1 pm/min| |7 |_4 um @ 0.01-0.1 um/min
: - S depositi S int depositi
Physical vapor deposition Sputter deposition Cdpcrla)’ :PO“ on ] creen print deposiion
. t .
l0aa) (107 Torr) (10~ Tom) 2+ Te (1 atm) (1 atm)
U CdTe slurry
A Sc—-men}t’b
g Pranininninn
(T300) e -5
d=1-5pm @ 0.01-0.5 pm/min d=1-4 pm @ ~0.1 pm/min d=1-20 pm @ ~1 pm/min d=5-30 pm

Source: Luque, Handbook of PV
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CdTe Solar Cells AT
Advantages and disadvantages of CdTe:
» Advantage: very fast deposition @ 10 pm/min
Disadvantage: public acceptance of Cd, environmental concerns
 Efficiency of lab-devices up to 20.4%

* Problem: back contact

For an ohmic contact one needs a metal with work function
®,, >

semi

But there isn’t one: therefore doping of surface required

+ Activation with CdCl, (next slide)
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CdTe Solar Cells AT

not aCtlvated actlvated Kartsruber Institut fr Technologie

1,01
|EVE;——T->L'-.J-Z Eye I §

cds | cdTe cds CdTe

Interface defects interdiffusion
After CdTe/CdS deposition = material “activated” with CdCl,:
- change in morphology = coarsely crystalline material
- inter-diffusion of CdTe and CdS at the interface
- reduction of interface states
- change in dopant gradient (mainly n-type side)

51

CdTe Solar Cells AT
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Cross-sectional image - scanning electron microscope

HREM Querschnitt Schematisches Diagramm

metallischer Ruckkontakt - 250 nm
Te - 20 nm

E

CdTe - 8 ym

CdS - 150 nm

Sn0O, - 30 nm
ITO - 240 nm

“AccV  Spot Magn  Defl WD ——— Em Glassubstrat
250KV 30 12164x SC 164 Cale 0466

Abbildung 1.6: Querschnitt einer polykristallinen CdTe-Diinnschichtsolarzelle in
der Superstrat-Konfiguration: (rechts) Schematische Darstellung der Teilschichten:;
(links) Rasterelektronenmikroskopische Aufnahme einer CdTe-Diinnschichtsolarzel-

le der Firma ANTEC (ohne Riickkontakt) . Source: Diss. Fritsche. TU Darmstadt 2003
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CdTe Solar Cells AT
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Energy band diagram
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Abbildung 2.3: Vorliufiges schematisches Bandenergiediagramm der CdTe/CdS-

Diinnschichtsolarzelle.
Source:
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CdTe Solar Cells
1))

Features

magazine

PHOTOVOLTAIC MARKETS & TECHNOLOGY

Archive

News Events  Opinion & analysis Services  Directory  About

Home » News » First Solar sets new world record for thin film solar PV at 21%

First Solar sets new world record for thin film
solar PV at 21%

05. AUGUST 2014 | INDUSTRY & SUPPLIERS, GLOBAL PV MARKETS, MARKETS & TRENDS | BY:
CHRISTIAN ROSELUND

The U.S. PV maker's new cadmium telluride (CdTe) solar cell
narrowly beats Solar Frontier's 20.9% record for copper indium
gallium diselenide (CIGS) solar PV.
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First Solar has produced a 21% efficient solar PV
cell at its research and development (R&D) center
in the U.S. state of Ohio. This efficiency has been
certified by Newport Corporation's Technology and
Applications Center PV Lab.

First Solar produced the record cell at
its Ohio R&D facility.
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S. Olting (ANTEC)
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Thin Film Solar Cells
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Thin Film PV Modules

Photo: Wirth Solar/Manz

Photo: First Solar
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CdTe PV Modules

Antec Solar (Germany)
« 130.000 modules/year (60x120 cm?)
« 7 days, 24 hours
» module efficiency 9-10%

Industrially-implemented “Close spaced sublimation”

heating lamps
radiation shield

CdTe-granulate

0,0 0,0.0,0.0..D 0.0,0,00, 0.0,0
06%%2%%¢%0%'020"¢. 0000 %000 H¢®
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substrate (500 °C), moving

S. Olting (ANTEC)

CdTe PV Modules

Monolithically interconnected modules

Light

Glass superstrate

Laser scribes

Schematic of a series-connected integrated CdTe module having three laser scribes
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First Solar — VTD process

Raw Material Input

Vapor Generation

Vapor Distribution

Deposition
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Semiconductor Deposition System

CdTe PV Modules

NREL OTF Results

First Solar 1kW Array at NREL OTF
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“After seven years of operation, the loss in performance is comparable to that expected
(1% per year) for commercially available crystalline silicon PV Modules.”
-NREL Performance Report, Jan 10, 2003
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Example company: First Solar
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U5 | Languages

About Us

Investors D

First Solar AC Power Block
[ PV Power

Unit with F

Leam More —» Share
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& Capabilities

Fuel Displacement Solutions

First Solar's PV Hybrid Systems combina PV solar panaration with a fossil fusl angine
Reneralor o reduce fuel consumption and save Costs.

Leam More —» Share [

www.firstsolar.com

Example company: First Solar

Worldwide Presence

Washington, D.C.

Berlin, Germany
Government Affairs

Government Affairs
Ontario, Canada
Project Development

Perrysburg, Ohio

Operations, R&D,

and Manufacturing

Sacramento, (aiiiﬂrn\

Paris, France ——=8

Government Affairs
[sales & Marketing

San Francisco/ >
Oakland, California
Project Development

Madrid, Spain
Irvine, California Sales & Marketing

Project Development

Tempe, Arizona
Corporate
Headquarters

Mesa, Arizona
Manufacturing

Mainz, Germany
Sales, Marketing &
Customer Service

Bridgewater, New Jersey
EPC/ Systems Engineering

New York, New York
Legal, Project Finance

Worldwide Associates 6000+

ght 2011, First Solar, Inc.

7 1

o3
N

Brussels, Belgium
Government Af'fairs\‘
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N———
First Solar.

Frankfurt (Oder),
Germany
Manufacturing

of

Beijing, China
Project Development

'\\‘ Dong Nam Industrial Park,

Vietnam
Manufacturing

i i Sydney, Australia
Kulim, Malaysia sales & Marketing

Manufacturing '/




Example company: First Solar AT
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M Production Ca pacity Growth (Year-end Capacity) .
I First Solar.
62.6 621 2,732 MW
Annual Line Run Rate Vietnam
== MW/Line 2,236 MW Mesa, AZ
= 44
1,502MW i
= 1490 Malaysia
1,228 MW
1002
716 MW
382 German
N 308 MW - Y
e
100 MW R e PB Ohi
E 10
capacity 2MW “ommm  BEZ 2 Sl 248
2005 2006 2007 2008 2009 2010 2011 2012
Representation of year-end capacity. 2005 & 2006 based on Q406 run rate; 2007 based on Q407 run rate; 2008 based on Q408 run rate;
2009 based on Q409 run rate; 2010 based on Q4 2010 run rate; 2011-2012 based on Q2 2011 run rate. Line run rate based on actual
production days in each quarter. 12
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B Module Manufacturing Cost Reduction Roadmap [
‘ N
. First Solar.
$2.94/W Q2 2011 cost per watt = $0.75
$0.93/W
100% 18-25%
4-6%
3-4% -
[ - yo, $052-0.63/W
= 56-68%
N o ad | l _ ol
2004 Q109 Efficiency Throughput Spending " Low Cost  Plant Scale 2014
Cost/Watt  Cost/Watt Location Cost/Watt Goal
. © Copyright 2011, First Solar, Inc. 17




Example company: First Solar (25Nov14)  QWT

Kashruher Institut 10r Technologie

FIRST SOLAR STATISTICS
gily  ~40,000 @ 4850 &  ~$9Billion
L GLOBAL SUPPLY CHAIN JOBS FIRST SOLAR ASSOCIATES FIRST SOLAR PROJECTS
FINANCED
100M+ 5,464,823.3 19,798,616.6 1999
MODULES MANUFACTURED HOMES POWERED* DISPLACED H,0 CONSUMPTION* COMPANY FOUNDED

8 GIGAWATIS 2.6 GIGAWATTS+

INSTALLED WORLDWIDE CONTRACTED AC PIPELINE
17.0% 2GW+ 1.6GW+ 2GW+
CDTE MODULE EFFICIENCY WORLD ENGINEERED CONSTRUCTED DC UNDER OPERATION
RECORD

7,249,568.0 = 1,455,737.00 A 185,886,371

DISPLACED CO; EMISSIONS* EQUIVALENT CARS REMOVED* EQUIVALENT TREES PLANTED
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Gescher-Estern

Entsorgungs-Gesellschaft Westminsterland (EGW),

put in operation August 2006.

One of the biggest roof-top installations

(1.4 MWp, CdTe, First Solar) 23 430 thin-film modules on an
area of ca. 17 000 m? and an investment of € 5.6 Mio.

Source: Reinecke + Pohl Sun Energy AG
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BELECTRIC connected the largest First Solar thin film
solar power plant in Europe (128 MWp capacity)
in Brandenburg to the grid (21 April 2013)
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e Over 1.5 million CdTe PV modules from First Solar
* 114 centralised inverters from SMA

* 120 million kWh electricity (~36000 households)
+ Displaces ~90000 tonnes of CO,

Source: http://blog.belectric.com/2013/04/belectric-schliest-das-groste-first-solar-dunnschicht-solarkraftwerk-europas-mit-128-mwp-leistung-in-brandenburg-ans-netz-an/
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