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Market / Industrial Overview
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Renewables Comparison

WW Theoretical |WW Practical

Potential Potential Weaknesses

Technology

Very limited potential.

Wave 2.5TW 0.03TW Most reliable renewable source. e e T rRET R,
. Reliable. Limited siting.
Hydroelectric 4.6TW 1.5TW Long-lasting installations. Requires inundation.
Unreliable, output dependent on
Wind 1200TW 3TW Large potential. weather patterns.

No intrinsic storage capability.
Easy to build efficient plant, once
Geothermal 46.1TW 11.6TW proper locale is identified. Well production sometimes unreliable.
Continuous power production.
No intrinsic storage capability.
Solar 120000TW 800TW Plenty of capacity for needs. 10% efficiency under ideal illumination
conditions.
31% of total landmass.
0.3% efficiency.
Best case carbon neutral.

Solar has the largest potential to satisfy world needs.

1990 12TW Source: Nathan S. Lewis, California Institute of Technology

2050 28TW

Can leverage current power

Biomass 65TW 20TW generation infrastructure.
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Global Solar Energy Resources & Potential

Average insolation [kWh/mZ2/day] Eéfsiqeacysr@aBt8risw ea.

i & 2o

H
° Worldwide.Solar Energy:
e Theoretical » 120,000 TW - energy in one hour of sunlight ° 14 TW

e Practical » 600 TW
e US consumption » 3.6 TW

- 10% 20% 30% . 40%.
115 mi x 115 mi 100 mi x 100 mi

200 mi x 200 mi
165 mi x 165 mi
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Solar Energy

Nuclear, 2,593

Geothermal, 57 Enough SOIar

energy hits the
earth in one hour
to power all
| Renm—;guyeimm human energy
needs, both
motive and
stationary, for
one year

Hydroelectric, 2,999

Conventional
Thermal, 12,740

Source: US Energy Information Administration
R ———————
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Long-term View of the Solar PV Industry

A complex marketplace

U'm __ ) A I,
A Solar PV electricity Demand /
Solar PV 4 - cost will decline New technology Supply
025 | technologies ™\ - wildcard Potential for explosive /=,
) \. growth indemand /

upon convergence /

0.15
US - Average price of  Grid electricity
electricity in 2006: prices are rising

i ‘. =8 .
010 8.6 cents/kWh . = e
® - i : L
J— Potential for periodic

—o—c-Si(aw) =0—c-Si (hiflo) —a— c-Si (hi CE)
over-Supply g AS Eum o Gigd _wCdTe

Grid price, Solar PV cost ($/kWh)

0.05

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: “Solar Photovoltaic Industry”, Deutsche Bank, May 2008
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Global Cumulative Installed Capacity of PV

16000
§ 14000 —| MKOR
£ 12000 CAN
g m AUS
& 10000
3 W ESP
2 8000 W CHN
i)
£ 6000 ® FRA
()]
> m USA
£ 4000
S m JPN
€ 2000
3 mITA

’ b 0 A DO O b D > O A DO O = bEU

N
N S PP O LTS S &S
N R R R RDT AT ADT ADT AT ADT ADT DT ADT DT DT D

Source: “Trends in photovoltaic applications”. IEA PVPS. September 2011.
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NREL Best Research Cell Efficiencies

o Best Research-Cell Efficiencies ::NREL e Best CPV 43.5%.

Multijunction Concentrators Thin-Film Technologies Spectrolab Fraunhofer ISE o Solar ( 1 )
48| ¥ Threejuncton (Herminal, monolitic) @ Cu(in,Ga)Se, (metamorphic, 299%) | (metamorphic, 454x) sg?&'r'é?ab uam{::"rm'n 5 SO la r J un Ct] on
A Two-junction (2-terminal, monolithic) o CdTe (atico matched, .~ 418x)
" ” 364x) _ Spire . [0)
e | : © Amorphous Si:H (stabilized) Semiconductor -
= Slngle Suneiin Gaks & Nano-, micro-, poly-Si Boeing-Spectrolab  Boeing-Spectrolab (metamorphic, / L BeSt C S] 2 7 ° 6 A
44— ASingle orystal o 7 y & phic,179¢) ~_ phic, 240) 406%) .
sovomatr A i i TSN (Amonix)
40 in film crystal o0 H o, MeAOpHG \ NREL (inverted,
lline Si ye-sensitized cells metamorphic, o o
c-n;r':laglénceryss;;acl:e"s ® Organic cells (various types) Bosing- Kpeciiolh 3257%) Sharp o Best th ] n - f] l m
36  OMuliorystalline < XaaiS s el . e = 2 8 2‘7 Alt
L  Inorganic cells melamorphic, -sun) _ ==
# Thick Si film NREL/ - (0] ( a
0 @ Silicon Heterostructures (HIT) < Quantum dot cells Japan  Spectrolab D ° R
—_ = Energy )
X ~ Varian Spectrolab eV] CeS
~ Vansax;l (216x) (4.00m2, 1-sun) Amorni 1%
> 281 6%
32 St B L Lo SR oeooomoeee e LN e Best low-cost
@ 1BM Vot i s e e e o
‘S 24 . J. Watson mmmm—— UNsw NREL .
ﬁ 24 Rt Coner e st UNSW UNSW%GU(I?%%)S(E; h 1 g h -VO l ume:
o o o UNSW/ %) Sanyo
L ’ 0 .
Eurosolare N
20— Sand Georgia  Georgia G?géﬂ'a 750 1 7 . 3 A ( F] rst
Naaislma UNSW Toch i NREL
16+ = University S @O Sharp SO la r)
No. Carolina So. Florida SIOPOWer  NREL Stutigart 1% arge-area)
Mobil State Univ. ARCO Bosin 7\ NREL (smal-area) _#7 (@pmiin  NREL United Solar .
12 Solar sy Kodak Solarex L e 9 "7 NRELEUO-CIS United Solar 2" film transfer) (CdTe/CIS) (aSincSincSi) - ([ H ] g h VO l u m e
— oei N i e :1BM
f’\ Q (CTZSSe)
; : CTZSSe)
Matsushita United Sharp ¢ ot
L. O A mfg. tends to
Univ. Linz Konarka —_ /H Jiatek
ZNniversity G"’“‘“QBQ \ ,"ﬁelialeila NREL lag R & D ce l lS
41+ of Maine \ / o o/oFt(:anng
University Linz Tniversity Plexronics gy, NREL ) ~ 1 5 yea rS .
RCA Linz Siemens Dresden (ZnOPbSQD)
0 | S S (N TN N SN S AN SN N N (N NN GOSN (N [NV RIS GO SN [ AN AN i NG AN (N (N N G G |
1975 1980 1985 1990 1995 2000 2005 2010 Feesam
Source: Keith Emery National Renewable Energy Laboratories, (NREL, 2010)
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Module Manufacturers

uny- S@LAR o MmSole ALTADEVlCES

United Solar Ovenic

@ REC SUNTECH m @
%M SI"“I.,L&ERP | . STION S LEXEL
S(ZlHJTT Trinasolar B 3 Erimestar solar —y
Solar oL
0} KYOCERE NE*( oser (Asyant Solexant
Q CELLS KYOCERA Solar, Inc. mc CU Lyxg

JASOLAR KaNPK3 rorgrowin C2_

Jinko

N _ abound (Onanosolar -
ReneS@la canadianSolar e P
J ,@. Alion Wsousro
SOLARWORLD » . KONARKA'
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PV Technologies

2010 Technology mix

* Silicon wafer based, 84%.
e Thin film, 15%.

100% u |
0% | W Other
80% CIS
70% |
" a-Si

60% - = — —
50% - M Ribbon
0% - .
H CdTe

30% — = B — = 3
20% - - EMono
10 % — = B — = 3

v = Multi

0%

1999 2001 2003 2005 2007 2009

Source: CleanEnergy.
L ——————
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Module Cost vs Cumulative Supply, 2011

Efficiency/Bankability-adjusted Supply Stack, 2011

2.00
$ Solarfurl SunPower Mitsubishi, Schott, Trony,
Canadian Solar, Solarworld Abound JA Solar,
$1.80 "s‘;:r;n:sﬁy Renesola, Jin

Trina,
$1 .60 T Ylngli

Sharp c-Si
Surmch
$1.40 -

$1.20 First Solar
$1.00
$0.80

$0.60

Adjusted Module Cost ($/Wp)

$0.40
$0.20

$0.00
0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 22,000 24,000

Cumulative Supply (MW-dc)
= c-Si (Low-cost) ®c-Si (EU/US/JP) = c-Si(Other) ®mSuper mono c-Si mCdTe mCIGS = a-Si

Source: GTM Research, PV Competitive Dynamics in 2011 and Beyond (excerpt), (from http://www.greentechmedia.com/articles/print/pv-competitive-dynamics-in-2011-and-beyond-the-battle-resumes/)
R —————————_———
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Photovoltaic Fundamentals
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Sun-Light

e The sun is powered by H fusion:
Core temp- 2 x 107°K, surface temp- 6000°K.
Power 9.5 x 103 TW.

Power density radiating from the surface:
6.25 x 10’ W/m2,

Power density at earth’s
atmosphere(AM0):1.35 kW/m?.

4/3/2012 Photovoltaic Manufacturing Technology © 2012
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Terrestrial Light Losses

Input 100%

e As light transits the atmosphere it Absrhes
. . . Scattered
is absorbed or reflected in the air N o Space

COlumn. gsgtelrayer v 0.5%
e Air Mass (with horizon corrections): mm!u

8% 0 -30 km
1 R EQ
vapour ‘

= 6% 0-3 km
cos@ +0.50572(96.07995 — g) 0% x__\-/.‘ Lower %
] 1%

e Power density at earth’s surface
AM1.5G: 1.0 kW/m?.

AM

Scattered to
Earth 7%

Direct to Earth
70%
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Photovoltaic Effect

e Photovoltage in electrode/electrolyte system, : s| 5[],
(Becquerel 1839) s |29 83s 5| B

e Photoconductivity observed in solid selenium, (Smith
1873)

e Wave-particle dualism (Einstein- 1905)

400 450
light composed of particles called photons Wavelength (nm)
Solar Radiation Spectrum

N
o

photons have different energies

UV | Visible | Infrared —>=

|
I, Sunlight at Top of the Atmosphere

N
N

photons are reflected, absorbed or pass through matter

-
[}
1

5250°C Blackbody Spectrum

photons with proper energies generate electrical current
e 1954 first practical solar cell (c-Si; h = 6%)

-
1

Radiation at Sea Level

o
4]

Absorption Bands
H,0

Spectral Irradiance (W/m?2/nm)

0
250 500 750 1000 1250 1500 1750 2000 2250 2500

Wavelength (nm)
I - ]
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Cell Junction Theory

—a— -
scr
E ) i ‘ n - — Fleld
. /‘ ._..
) 3t -~
® /) ) =
Ec._ﬁ{; C:'?Q— (.....:. bese todcontact grid
=5 i (-]
- (-5 1 . - o S
_® | 3—// ‘ h samaie Dard E 4
. ' ‘ ‘ qVB Current
. i
E | S —— IR v -
§ ® n-type window
n-type p-type . p-type absorber
® I
%,
[ o

e solar cells are minority carrier devices
minority carriers are injected by the energy of incident photons
need to collect these injected minority carriers before they recombine
internal electric field accelerates minority carriers across scr where they become majority carriers
if external circuit is closed charge will flow doing work
carriers recombine at cell terminals rendering the circuit electrically neutral

Courtesy: Markus Beck
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Conversion Efficiency Potential

e GaAs, CdTe have optimal bang-gaps. Band Gap and Efficiencies
e Shockley-Queisser Limit Efficiency

Assumptions 35%
e Single p-n junction.
e Sunlight intensity is TkW/m2.
e Excess energy in the photons is lost.

Results 25%

e Maximum available power is 33.5% for a single
junction.

e Maximum available power for infinite junctions,
68%. 15%
e Best devices to date: o.. | ® asin
%8.121% GaAs cell, Alta Devices (Santa Clara),
43.5% triple junction GaAs cell, Solar &8 . i 5 s

Junction (San Jose), 2011. Semiconductor band gap - Electron Volts
Source: DOE, Lewis Group at Caltech, J. Theil

Shockley-Queisser Limit

/ Black Body Limit
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Strategies to Surpass the Shockley-Queisser Limit

Light Concentration

Multiple Carrier
Generation
Photon Upconversion

(Fluorescent and
Thermophotovoltaic)

Down conversion

Hot Electron Capture

Impurity
Photovoltaics

Rely on increasing the efficiency of the cell’s
operating point by increasing the current
generates.

Use quantum dots within the gap to convert
excess energy into an extra photon.

Take multiple photons whose individual enegy
is below the band-gap and upconvert them into
a single higher energy photon above thee
bandgap.

Take higher energy photons and down convert
them to minimize thermalization losses.

Use quantum confinement techniques to
collect excess photon energy that would
otherwise be thermalized.

Develop deep level states within the gap to
capture low-energy photons.

A. S> Brown, ournal of Applied Physics, Volume 92, Issue 1 August 2002,
pg. 1392

A.J. Nozik, "Quantum Dot Solar Cells", National Renewable Energy
Laboratory, October 2001

Bahram Jalali, Sasan Fathpour, and Kevin Tsia, "Green Silicon
Photonics", Optics and Photonics News, Vol. 20, Issue 6, pp. 18-23
(2009)

Bahram Jalali, Sasan Fathpour, and Kevin Tsia, "Green Silicon
Photonics", Optics and Photonics News, Vol. 20, Issue 6, pp. 18-23
(2009)

Nils-Peter Harder and Peter Wiirfel, "Theoretical limits of

thermophotovoltaic solar energy conversion", Semiconductor Science
and Technology, Volume 18 Issue 5 (May 2003)

Nils-Peter Harder and Peter Wiirfel, "Theoretical limits of

thermophotovoltaic solar energy conversion", Semiconductor Science
and Technology, Volume 18 Issue 5 (May 2003)

A. S> Brown, ournal of Applied Physics, Volume 92, Issue 1 August 2002,

pg. 1392

Percent of Incident

100 Other losses
P
©75
qt:J Below-bandgap
“j S0 photons
e
D225
-

Usable electric power

o

1 2
Bandgap (eV)
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PV Technologies
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Categories of Solar Cells

Silicon

Compound
Flat Plate

Silicon

PV Technology Thin-film

Silicon Compound

CPV

GaAs MJ

Photovoltaic Manufacturing Technology © 2012
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Single crystal

Polycrystal

GaAs, etc

Amorphous Si

Thin-Film Si

CdTe
CIS/CIGS

GaAs SJ

22



NREL Best Research Cell Efficiencies

Best Research-Cell Efficiencies iNRE

NATONAL AENEWABLE ENERGY LABGAATORY
50
Multijunction Concentrators Thin-Film Technologies Spectrolab Fraunhofer ISE  goging. JS;“?;"
48 ¥ Three-unction (24erminal, mondithic) @ Cu(In,Ga)Se: (metamorphic, 290x) | (metamorphic, 454 gpectrolab (ko8 maiched,
A Two-junction (2-terminal, monolithic) o CdTe (lattice wlgaldﬁed, Spire 418x)
Single-Junction GaAs © Amorphous Si:H (stabilized) ) ) N
4= A Single crystal # Nano-, micro-, poly-Si Boemg-Specgr%i? BG&WQ'SD?O%'?X? A
AConcanirator O Multiunction polycrystalline KL
a0k 7 Thin film crystal Em;rglng P:.’ o (inverted, metamorphic) \ NREL (inverted,
Crystalline Si Calls Sl e NREL-" = metamorphi,
= Single crystal ® Organic cells (various types) Boeing- Spect;g?z;b 325.7x) Sham
36~ O Multicrystalline A Organic tandem cells NREL (inverted, imjl\ﬁ;-sun)
@ Thick Si film # |norganic cells NREL metamorphic,i-sun) _ =~
® Silicon Heterostructures (HIT) ©Quantum dot cells Japan  Spectrolab & F?STISE
= 32 NREL Energy Radboud IES-UPM
>  Varian lab Uni e (1026x) Alta
~ Varian (216x) {4.0cm?, 1-sun) iy A Devices
> 28 (205x) AA ' = i \F?gzlgs
[5) SNl g oo e mmmmmmm = mm— == s Ty
5 B C N .0 AR R e ST T Radhowd e 16 Al
) adbou
T 4 (Ve mmmmmamm UNSW —m 8% NREL ; U 18E Devices
= esearch Center) o omm == UNSW  UNSW Cu(ln,Ga)Se; San
b} Am=m==" Stanford UNSW / (14")\Sanyo o _—
ia E I
20 Sandia Geoga Geore oo NREL  ZSW
Naonal Wesing: unsw  Tech  Teoh R NREL  NREL  NREL NREL Fist Soler
al " NREL,
s ; University * Univ. Shat
16 No. Carolina So. Fluridaf" froPower ey 4 Stutr{gart D‘{\argearrga) i
Mobil State Univ. ARED RO /R NREL ‘(smal-area) L7 @spmiin-  NREL United Solar
12 Solar - Kodak Solarex e 7 NRELEUO-CIS Uniteq Solar o7 fimiranster) (CTelCIS) il
e oeing i 1BM
0 (CTZ5S8)
Matsushita United Sharp (CTZSOS-EL"‘ﬁmm
. Solar  NREL/Konaka  Solarmer =
- Beeing & »Umv. iz Konarka — ‘,”HeJiai Heh
University EPFL roningen “eliatex . NREL
4+ of Maine ) i /‘I %55.“8{) °
University Linz Trivarsiy % Plextronics — jpjy, 'NREL )
RCA Linz | Siemens Dresden (zn0/Pbs-QD)
0 | T T IR NN TR NN NN (NN NN TR N TN SN Y (NN NN (NN N A T TN NN A TN AU SN N S S
1975 1980 1985 1990 1995 2000 2005 2010 Feetw

Source: Keith Emery National Renewable Energy Laboratories, (NREL, 2010)
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PV Technology Comparison

Technology

CdTe

CIGS

c-Si

a-Si:H

GaAs SJ

GaAs CPV

4/3/2012

Advantages

Lowest-cost large-scale technology in
production. (14.4% module efficiency
demonstrated.)

Highest thin-film efficiency demonstrated
17.1%.
Built-in E-field for more efficient.

Most radiation hard semiconductor known.

Highest flat-plate efficiency on the market.

Simplest manufacturing technology.

Highest potential thin-film technology.

Highest absolute efficiency.
Steady daily power generation.

Drawbacks

Low doping concentration.
High work-function, difficult to make Ohmic
contacts.

Quaternary material system, difficult to
manufacture.

Highest material costs of any flat plate technology.

Limited efficiency upside.

Unproven in volume. Cost structure not well
defined.

Higher system costs, complex system. Higher
maintenance costs. Economic geographic area
limited to high DNI locales.

Photovoltaic Manufacturing Technology © 2012
Jeremy A. Theil

Record Cell

Efficiency
17.3%

20.3%

25.0%

12.5%

28.2%

43.5%
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Temperature Coefficients of PV Technologies

—8000 g

§ TT000E - Band Gap and Efficiencies

&2; —6000 E Efficiency

2 < -5000 : 35%

S E 3 '|' shockley-Queisser Limit

gg _40005 T £ 1 ~ Black Body Limit

A —3000 3 —I [ 25%

—2000 E : iE T
—-1000 1
OF w| o] t»n O 2l A= | Al | 2| = A% ®
< &l & _a§ g < < = 2 Ol <| < 0. a-Si:H
o © =| | 9| © Ol 3|3
< El B = 0| O
> a| =] 5 > > i
0 & S v| W 0.5 N . 1.5 2 2.5
~ il o Semiconductor band gap - Electron Volts
— g g Source: DOE, Lewis Group at Caltech, J. Theil
Courtesy: Keith Emery, NREL.
L EEEEEEEE—————
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Technology & Manufacturing (rhin-Fitm vs c-si)

Fully Integrated, Automated and Continuous Thin Film Process
Glass In -> < 2.5 Hours - Module Out e 98-99% reduction in h]gh'COSt

-

semiconductor material.

e Fully integrated, continuous
process vs. batch processing.

e Large 60 x 120cm (2' x 4')
substrate vs. 6" wafers.

Polysilicon Solar Cell Solar Module

Courtesy: Markus Beck Ph . f . h 2012
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Flat Plate PV Technologies- c-Si vs Thin Film

e ¢-Si most common technology
in use for over 50 years.
Si very abundant (2" only to O in earth’s crust).

e Sireadily available, requires extremely high purity
(99.9999%)
high refining costs.
limited availability used to increase cost for PV grade Si.

e Thin films tolerate less pure raw materials
CdTe demonstrated maturity and clear price leadership.

CIGS highest laboratory efficiency of any thin film technology.
a-Si:H simplest to develop, lowest mfg capital cost.

Hemlock Poly Plant

Photovoltaic Manufacturing Technology © 2012
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PV Technologies - CIGS (copper indium gallium diselenide)

oCIGS Heterojunction device (CIGS p-type, CdS n-type). //
eWide range of absorber formation processes. -

esingle or multi-stage co-evaporation

esequential processing

eselenization & sulfurization of elemental layers
eRigid (glass) or flexible substrates (metal or polymer foil)

eComplicated multi-element material system.
ok, tuning via Ga and/or S content (= 1 - 2.4eV)

eHighest efficiency of any TF technology (20.3% @ 0.5cm?,
17.2% mOdUle*) N — —

substrate\ P1 ‘ ‘ P2 ‘ \Pa‘

substrate Mo deposition P1 scribe CIGS deposition

<« <« <« <
m
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Photovoltaic Systems
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Definitions

e The primary building block of a PV system is the PV cell.
typically (multi)crystalline or thin-film (TF).
(poly)c-Si about 4” * 4”, 150 - 220 mm thick; TF 2-10 mm.
only small voltage (material dependent) and current (cell size dependent).

e Increase total power by series and parallel connection of cells into a module.
e Modules can be connected in parallel and/or series to even larger units, arrays.
e DC to AC via an inverter.

ik
I

il
-
-

Courtesy: Markus Beck
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Definitions

Wp (Watt peak): DC power output of e BOS
a PV module at standard test

conditions (STC) ) :z:t:
Installed PV System = Module + BOS o wiring
Module ‘ e installation labor
o cell e site preparation

e connections e trenching and conduit

e filler sheet
e encapsulant
e (frame)

Photovoltaic Manufacturing Technology © 2012

4/3/2012 Jeremy A. Theil

31




PV System Basics

A
: X
e APV system converts sunlight to <:1©r.:>
AC electricity, with no fuel or £
emissions

e PV electricity reduces the amount Grid
of fossil fuels needed to produce PV Module

electricity and can reduce or =
eliminate utility electric bills /
o The output of a PV electricity [ -

system overlaps with peak DC nn‘ Meter
electricity demand, so PV mostly

competes with peak conventional
electricity Power
) Conditioner

Courtesy: Markus Beck ( I n VE rte r)
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Electric Grid Basics

Fossil Base Power Fossil Peak Power
Coal, oif, nat. gas, huclear Nat. gas turbine, diesel, nuclear

Transmigsion Lines
Peaker

Central Generating
Station

Distribution 4 Receiving Distribution
Substation ﬂ@b Peaker || Station Substation
!)VQ
Distribution
P Substation
iy A Commercial
B B
<3 «i(% )= Peakel
Q} Feaker QA
Industrial Commercial

Residential

PV Power Producer
Source: EPRI
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PV Benefits by Location

e Grid-Tied Photovoltaics

e Bay Area about 1,900 kWh
solar electric energy per
kW AC of installed PV

e Calculate cost savings:

® rate( ) = KW (P, AC

SVINGE =

e Wyaar

e PGE 0.155/kWh
e For 3kW DC (=2kW AC)
e Savings = $570/year —

Note: The uncertainty of the
contoured values is generally +10%.
In mountainous and other areas of
complex terrain, the uncertainty may
be higher.
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Achieving Grid Parity: Utility Scale
Solar

—
First Solar.

4/3/2012 Photovoltaic Manufacturing Technology © 2012




First Solar’s Offerings

e Module Manufacturing

e Systems Solutions

4/3/2012

%
First Solar.

productivity and technology improvements

Breakthrough thin-film process technology
Fully.mtegrated, continuous process R Col Final Assembly
Continuous cost reduction driven by Deposition Definition &Test

Utility-scale PV systems Glassin > <25Hours > Module Out
Project and site development capabilities

Rooftop and commercial and industrial
solutions

Engineering, procurement, and construction
capabilities (turnkey solution)

Monitoring and maintenance program—
predictable lifetime expenses
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Crossing Over to Sustainable Markets

eConventional generation based on Lazard LCOE Analysis v 5.0; June 2011. Assumes coal price of $2.50/MMBtu and natural gas price of $5.50/MMBtu.

eHigh end of coal and IGCC costs incorporates 90% carbon capture. Fuel sensitivity assumes +/- 25% fuel cost. Nuclear does not reflect decommissioning
costs.

- $300 Price parity with conventional
= generation drives inflection in
S $2 price elastic demand
o
Q Conventional,
w = $200 - - base cost
ES) ; Conventional,
2 S 5150 fuel sensitized
8 m cost
- PV cost roadma
g s =i p
N
Ko
3 $50
—
$0 T T T T 1
Gas Peaking Coal IGCC Gas Combined Nuclear
Cycle
Courtesy: First Solar Inc., (2011)
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Competitive Cost Environment

%‘ﬂ"«
First Solar.

Module cost/ watt

$1.50
$1.40
$1.30
$1.20
$1.10
$1.00

$0.90

$0.80 -

$0.70

$0.60

1

Vertically-integrated c-Si! T R——

. B’ S

e ‘,_ —

Non-vertically
integrated c-Si!

First Solar Q2 2011 Actual
1 | First Solar 2012 Roadmap > =
$75 | $70 | $65 $60 | $55 | $50 | $45 $40 $35 %30 $25

(1) Assumes best of breed ¢-Si competilors al $0.75 per watl non-polysilicon processing costs and 6.0 g/wall of
polysilcon. Non-vertically integrated c-Si assumed +$.30/W vs. vertically integrated c-Si.

4/3/2012
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Module Manufacturing Cost Reduction Roadmap

$2.94/W Q2 2011 cost per watt = $0.75

$0.93/W
100% 18-25%
I 4-6%
l 4-6%
—
ad od

. 2004 Q109 Efficiency Throughput Spending
_— Cost/Watt Cost/Watt
First Solar.

Photovoltaic Manufacturing Technology

4/3/2012 © 2012 Jeremy A. Theil

3-4%
-

Low Cost
Location

2%
S

$0.52-0.63/W
56-68%

Plant Scale 2014

Cost/Watt Goal
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Subsidized vs. Transition Market Economics

e Long term economics are superior in transition markets

Subsidized Markets Sustainable Markets

——

Subsidized market economics -

decline with feed-in tariff
reductions

Transition
Markets

Transition market economics
improve as:

1. Costs decline

2. Energy costs rise overtime

Courtesy: First Solar Inc., (2011)
D |
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Production Capacity Growth (vear-end capacity)

= 62.6 62.1 2,732 MW
First Solar.

Annual Line Run Rate

53

- 2,236 MW

25 1,502MW Malaysia
1,228 MW
716 MW
382
308 MW 497 Germany
176 191 214 _

Capacity 22MW 1w 143 ) 248 PB Ohio

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.
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Record CdTe 17.3% Cell Efficiency

e Cells constructed using only full-scale manufacturing processes with commercial | .
that we believe can be reproduced economically. "N

e Also demonstrated 14.4% module efficiency (January 2012). ST SO

% Module Conversion Efficiency
15

13.5-14.5
14 - |
13 -
o | 11.7
11 -
10 -
9 o
7 N Record 17.3% CdTe thin-film cell confirmed by NREL
200520062007 2008 200920102011 2014
YTD Goal
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First Solar Manufacturing: Kulim, Malaysia-
Plants 1-4

e
First Solar.

Source: Google maps, 2011.
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Utility-Scale Projects in Southwestern U.S. - 2.0 GW AC (2011)

-

-
e e ——
———

AV Solar Ranch

One \ .. a(10)°
\N"T e ¥ T ) Dhnenix
230 MW \ - -
W - ¢ A_gua
Sunlight — WA ol = Caliente
- --“. i :
First Solar.
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Sarnia, Ontario, Canada

N —
First Solar.

System Size:  80MW (AC)

Commisione

d: October, 2010
Developer: First Solar, Inc.
Owner: Enbridge Inc.
Module

Type: FS-272, 275, 277

The Sarnia Solar Farm is the largest PV solar
energy facility in North America. The project
provides enough power to serve the needs of
about 10,000 local homes per year while
displacing approximately 22,000 metric tons of
carbon dioxide emissions annually—the equivalent
of taking about 5,500 cars off the road.



FROM BLYTHE (21 mw) TO TOPAZ (550 MW)




Conclusions

e PV is a cost-effective, scalable, and sustainable solution
to global climate problems.

e Grid parity leading to inflection in price elastic demand

e Conventional electricity rising in price; PV reducing
cost

e Exponential demand leading to continued growth of
PV

e Thin film technologies (e.g. CdTe) clear leader in LCOE
for PV

e ¢-Si will continue to play a major role
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