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Beyond Grid-Parity

1. HZ X 7 X Status

. Market Market Market
gl >Demonstratlon Entry > Penetration / Saturation
Mono & multi
c-Si conventional cell
Ribbon
Advanced
Si
(I8 E8)
S a-Si/p-Si
o J
Low-X Concentrator
o =
High-X Concentrator
DSSC
OPV
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Multicrystalline photovoltaic Monocrystalline photovoltaic

solar cell solar cell
156 mm x 156 mm 156 mpsq series resistance Cument
Rs
‘I“:‘t_ Xy 7E:I 6=I. [E E >>> DUIk] I'—(T) ! ier:ig:anw Voltage
00 SH
| o
J_ ;.,;,.,.,._O+ O 1
1 o 8% S, & @ o® o
i ® B B e°% eod
! o B 6% e & QP
5 I’.EE >4 ISCT, Voc T, FF T ’gu 850l o °®:°:ng%
' goca“oou;uooe“go@ ;@
g38=—m—— | ' SR EoRNEe D o f
20.336W | ; N S =g
; : B o e
| 5 V,. [0Den circuit voltage)
(1.5AM=1,000W/m?) |

(6" x 6°=0.024336m2 | !

o g
: : QQQ“ @ & L:J &
= =) = : a & N
| |\ - < o d
| ] 'P =) a GD &5 0(" 6‘3
o S S " CRRUNES] o (G SSoR
a - 06 9% C'oga (2] e ) 8 o @
vmp VoOC b =} o @ @ o N
@ @
5o O 4 °oe %@ &
Qe 1, ]
Oe en T It
i = = m:m o @ o |

I;c [Short circuit current)

C_;’ Hanuwha Chemical



Maximization of
Light absorption(lsc)

Charge separation
(\Voc, Isc)

Beyond Grid-Parity

2. c-Si ST X|: R&D =X

Minimization of

Serial Resistance(FF)

e Surface texturing

e Antireflection coating

) reflected w. Itht refles led

V] D\//

Lk
o)

“
‘I
\ ‘

all light into no light

=
g

e Back Reflector

& Carrier’s lifetime depends
on the wafer’s crystal
matrix defects and purity
(Bulk & Surface)

e Use of pure wafers
mono C-Si > multi C-Si >
Ribbon Si > UMG-Si
(High purity =» high cost)

e Impurity removing tech.
-wafer gettring

e Passivation: removing
broken bond (-Si-=>-Si-H)
(bulk & surface) Hydrogen

(4t El: method, i)

<+ EHIAXI% s

S A= Isc, Voc, FF SO A

& PV Cell is a electric
device.

¢ Design of low serial

resistance
Rigu =Ryp + R +Rp + Ry + Ry + Ry

Front
Metal

Re] R
P R,
Rear Rep &
Metal Mt AW

Ryp

¢ Good ohomic contact
-low contact resistance
-high

conductivity

(Printing:SP,
plating, depo
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Beyond Grid-Parity
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E Premium Market: Sunpower, Sanyo
8 Average: Most
= Canadian Solar
High cost low cost ~ N .
gh cos JISIHE priority:  COST > Efficiency
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Technology: Cell Efficiencies

Beyond Grid-Parity
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R&D:
CcSi=11%/22Yr
(0.5%/Yr)

Industrial :
(0.25%/Yr >)

HCPV ~ 1%/Yr

SQ-limit: ~30%

Vg —_—— [volh]
Q E.‘O 2;0 30 o]
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30r .
B Detailed Balance
Limit

20r E
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] A
- i hY
Semi-Empirical b
o Limit
0 2 a8
Xq

W Shockley and HJ Queisser, J Appl Phys 32, pp. 510-519, (1961)
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3. C-SI HHZWIX| 28 &

Module Efficiency by Technology, 2009-2015E
I

a-si(1) Timing of efficiency
a-SifucSi im[]r(_]\lements difficult to
predict
CIGS (sputter) B 201 5
y .

CIGS (coevap)

Standard c-Si: ~16.5%
Super mono c-Si: ~21.5%
CdTe: 12.5-13%

CIGS: 13-14%

1-i a-Si: 8.5-9%

Tandem Si: 11-11.5%

CdTe

Mono/Multi Average

Multicrystalline silicon

Monocrystalline silicon

SuperMonocrystalline silicon

o
SANYO

5.0% 7.5% 100% 125% 150% 175% 200% 225%
m2009 m2010 m2012 m2015

Source: Greentech Media Research, in SPI 2010, Oct 11 2010
Q Hanwha Chemical
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Beyond Grid-Parity

Ot=I[H (passivation), Z=(FF) J§M

SPR-210-BLK 210 | 188.9 15.7 16.9 40.0 5.25

SPR-215-WHT 215 | 195.5 16.1 17.3 39.8 5.40

SPR-225-BLK 225 | 202.9 16.8 18.1 41.0 5.49

SunPower SPR-230-WHT Mono | 230 | 2095 | +/-5 17.2 185 41.0 5.61
NS UN DOWBICOT CORE SPR-305-WHT 305 | 280.6 17.4 18.7 54.7 5.58
SPR-310-WHT 310 | 285.0 17.7 19.0 54.7 5.67

SPR-315-WHT 315 | 290.0 17.9 19.3 54.7 5.76

Ref) home power 134/ december 2009 & january 2010

DOUBLE LAYER
ANTIREFLECTION
COATING

REAR CONTACT

STD Cell PERL Cell

0E

=J1(~2020)

HIT-190BA19 190 [ 171.2 15.2 16.4 54.8 3.47
HIT-186DA3' 186 | 172.6 14.2%418.2° | 15.3%19.6° | 54.8%55.1° | 3.40%4.32°
HIT-190DA3! 190 | 176.8 14.618.6° | 15.7%20.0° | 55.3%55.6° | 3.44%4.37°
HIT-195DA3! 195 | 181.1 14.9719.1% | 16.1%20.5° | 55.8%56.1° | 3.50%4.45°

SGI‘\YO HIT-195BA19 Mono, | 195 | 1798 | 0 o 15.6 16.8 55.3 3.53

www.safiyo.com/solar HIT-200BA19 a-Si | 200 | 184.5 16.0 17.2 55.8 3.59
HIT-205BA19 205 | 185.1 16.4 17.7 56.7 3.62
HIT-206NKHA1 205 | 190.2 15.1 16.3 40.7 5.05
HIT-210NKHA1 210 | 194.9 16.5 16.7 41.3 5.09
HIT-2156NKHA1 215 | 199.6 16.9 17.1 42.0 5.13

3) At up to 30% backside irradiance contribution

Back-Contact SC

Pyramidal surface with antireflection layer

Back layer (5i0,)

4 negative Cu-contact
\_positive Cu-contact

Point-(ontacts\\ /

TCO

Electrode
} =10mm
P
I
-2504m
Notype c-51
(lextured)
} ~20nm

—— 2030

Bifacial

Q Hanwha Chemical
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4. 2dE HSHX|2 JI=sd

4.1 J1T: N-type Cell, 188 HIEZL Isd =

hv

hv
N-type wafer by P-doping L \ \ P-type wafer by B-doping

N-type cell (Supermono]

—High Carrier lifetime (longer diff. length) >

Major issue: =
. o crystal defect & metal E==0l| € 9L

B-doping, Surface passivation: =3 p-typeoll HIOH lifetime 580
(SiN not work for N-type) —“*“'QHB 012 ME &+ AL

-Less recombination-active defects

(theoretical & experimental)
Slg]psc;\év%relliB,g]éSanvolHITl -Unused Dotential supply of n-type Si
e (HtHl HEE p-type)
_HQIIX-I EI
-X3& M =(ribbons, metallurigical)Ofi
YINGEI SDLAR n-type doping |2l

-2yt 1 80l n-type |
= P-typeOil HIOH Z2 1% BES

C_;’ Hanwha Chemical
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Substrate

—(onlarls  eoatme

DOUBLE LAYER
ANTIREFLECTION

P /
L BSF. |
S S ]
REAR CONTACT DXI0E
sSC Al
MH=23 SSC (trun-key 7|=) PERL Cell
Moz Ag screen printing Ti/Pd T3 >Ag AN EF
Texturing Wet etchinglacid or alkali) Lithography (ST 2012
AR Coating SiN: AR Coatingd}
Fosiain |8 osiaion 33 N .
HE H3sE =
i Ll od [
Emitter n n KOS
Doping Wafer P p g“[ 5"\“
P ion | =04 Al screen printing Si0;
— | Q|5 ivati
SHHI A-BSFON Izt passivation AVT/Pd Z2>A1 52, anneal | O
=3 E&E H02la M7EE Z39 JmE IE=

C_;’ Hanuwha Chemical
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Beyond Grid-Parity

4. 2dE HSHX|2 JI=sd

4.2 Trends in STD ¢-Si PV Manufacturing Technologies

PERC:
-Selective Emitter
Leading company -Rear passivation
-Front Electrode: Plating or SP
-Back Electrode: metal deposition or SP

—

Turnkey provider PESC:
-Selective Emitter

-Front Electrode: Plating or SP
-Back Electrode: Al 5P

% SUNTECH <New Approach>
Mo cHinA . S CanadianSolar selective-emitter,

plating, back-contact,

Efficiency

e ien PERC/PERL  back-junction,
-Oron W . . .
Front Electrode: Ag SP Selective Eruftter improved passivation

-Back Electrode: A1SP .
............................................................................................................. Euu1nmentc0nceﬂt

""""" Throughput = high efficiency .
tried-and tested

Equipment concept: optimization
Throughput = high eff1c1ency°manz
2008 2010 2012
> oS EfFEX = SSH2E PERL cell2 T2 = 20139 i-PERL ArQIS} turnkey provider
> Mooz PERL cell 7|28 EHY Mo =2 NE SIS iR =2
(= SE > ZH passivation > ZH locally diff(point =
> =3 (MH:SP>EF, 2HLFC §5...

C_;’ Hanuwha Chemical


http://images.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/de/thumb/e/e3/Manz_Automation_logo.svg/800px-Manz_Automation_logo.svg.png&imgrefurl=http://de.wikipedia.org/wiki/Datei:Manz_Automation_logo.svg&usg=__HAeDaKRc84mEgwNvznUJV8i6uPo=&h=170&w=800&sz=18&hl=ko&start=4&sig2=zryDf3xDliYni1ckvqYnRQ&um=1&itbs=1&tbnid=0XOTYejkHKy3WM:&tbnh=30&tbnw=143&prev=/images?q=manz+automation&um=1&hl=ko&sa=N&rls=com.microsoft:en-US&rlz=1I7ADSA_ko&tbs=isch:1&ei=h8i5S7HAKqC0tgPv9JnpDA

4. 3%} 11gs d

4.3 Sanyo A2l HIT (Heterojunction with Intrinsic Thin layer)Cell

SANYO

Texture etching Texture etching

Cleaning (front)

H POCI, Diffusion [ L n o
H emitter, ~ 900°C) a-Si:H depqsmon Flectrode
H i Front emitter

L PECVD, ~200°C) ) -10mm

rx

2™ 3-Si passivation: Voc™T

H i ITO sputtering P
H PECVD SiN, AR H Front TCO & AR ~250/m
p—— 2H £33 Fa+ SU
P J a-Si:H deposition _  -200m (bifacial)
Ag Screen-printing ;E%‘Jg?fgggfg) " -

{  Belt Co-firing | ITO sputtering  HISEM
H  ~ 900°C gacx

y Ag Screen-printing
H Edge Isolation H

E o Al Screen-printing
Low temp_anneal

HIT cellel E32
> n-typell ZZ& ad3

> M2 W0 a-SiH 29E 0188t M2

1

S M (MZ ™ passivation) High Voc (0.7V4)

> 300°C Olote] M=234H: cell MIZDFEMIM cell0] &= & stressJt M0
cell & JHsA0| ©7] IH20 wafer 230l 11 |LiB 2H .

> TCO A2 2 =Z current resistance, A2A M paste AF22Z finger line @A

Bifacial: up to 30% backside irradiance contribution

04

C_;’ Hanuwha Chemical
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20105FE12H02H

E T A REE T o — L SR L R Sn R
#HNo. 1 ¥ I E#HHZTE21. 6% OHIT** 2 KB FEhFEREL

Mew M series

Product name HIT-M2405E10
Pz 2400
g, Imp 4377 BB A
Dimensions 1,580 > 798 * 35mm
Weight 150k

Cell efficiency 21 6% H I I

Photovoltaic Module

Module efficiency 19 0%

K1 2010F 12 ERFITFS. FEMA. T LB EmiE s BT,

Q Hanwha Chemical



4. 2% 1I8E 4

UNPQWER

Pyramidal surface with antireflection layer

. \ Back layer (5i0,)
\ N\_ | negative Cu-contact
Point-contacts \j// “\_ positive Cu-contact

> ZM X322 carrier?] 0|=F7{2]|7} A0] life time
0] 3X| 22WH 5=0| E7I6HX| 2=Ct.

> Life time0| & n-type A&

<M2EZ W HHXIOI shading lossIt 812> Isc T
E{ P HMS= n&1} pH b
X1 24.2% 88, 1Y 7™ 3 semi-process= & 7120| s?naﬂ 233«&1&*& égé’
1A= F2AS0.8/W) 2523

Q Hanwha Chemical
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SUNPOWER ANNOUNCES NEW WORLD RECORD SOLAR CELL EFFICIENCY

Full-Scale Prototype Produced at 24.2 Percent

SAN 1OSE, Calif., June 23, 2010 /PRNewswire via COMTEX News Metwork) -- SunPower Corp. (Nasdag: SPWRA, SPWRE), a Silicon Valley-
based manufacturer of high-efficiency =solar cells, solar panels and solar systems, announced today that it has produced a full-scale =solar cell
with a sunlight to electricity conwversion efficiency of 24.2 percent at its manufacturing plant in the Philippines. This is a new world record,
confirmed by the U.S. Department of Energy's Mational Renewable Energy Lab (MREL), for large area silicon wafers.

Where Will Destiny Take SunPower?

une 01, 2010 | about: SPWRA

Seeking Alpha

Customize Font Size:+ ™ T Print - Email (LRecommend RHERV o] 1EEE
by Michael Kanellos
Will SunPower (SPWRA) make it?

For the past six or seven months, that's been one of the primary questions in
the solar market. Will the pioneering manufacturer of high-end, high-efficiency
solar panels succumb to competitors, or somehow pull through.

First, the dismal take. SunPower appears stuck in an unenviable spot. It
competes against First Solar (FSLR), which can offer lower prices for utility-

Greentech Media scale contracts. In the residential market, it must contend with Suntech Power
834 1 Holdings (STP) and a raft of other Chinese manufacturers that [a] can
Followers | Following produce products for less and [b] are increasing the efficiency of their
products.

-Brand power E& (DM J|Y, o&0ld)
-Solar park JI2=%, racking & installation J|1s4¥ &
-PowerlLight, SunRay Ql==, AU Optoelectronics®t JV

-201049 2 Cell 28: 23% == (BHHIZ!H)> concentrator, different material 932 (ASHA O0|HS)
—Utility2 2 First Solar0jl Roof top2 Suntech S0l 2&-> HIIZE S Al

C_;’ Hanuwha Chemical



http://sharp-world.com/corporate/news/101201.html
SHARP

Press Release December 1, 2010

Sharp to Begin Mass Production of New Single Crystalline

Solar Cells with High Conversion Efficiency at GREEN FRONT E
SAKAI iR

Solar Cell Flant in GREEN FRONT SakAl Single Crystalline Silicon Solar Cell Module with High
Conversion Efficieney

The electrodes on

the surface of the

cells obstruct The entire surface

sunlight Can receive
sunlight

\

Froni-side

:> Alignment Sheet
M Elecirodes on the

Alignment Sheet

Overview of the Production of Single Crystalline Silicon Solar Cell Modules with
High Conversion Efficiency

Location - Solar cell plant, GREEN FRONT SAKAI

1 Takumi-cho, Sakai-ku, Sakai City, Osaka Prefecture, Japan
Production Capacity - 200 MW/year (initial phase)
Investment Amount - Approximately 15 billion yen

Start of Operations - Within fiscal year 2010 (plan)
() Hanwha Chemical
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Prog. Photovolt: Res. Appl. 2010; 18:346-352 Solar Cell Efficiency Tables (version 36)

Table . Confirmed terrestrial cell and submodule efficiencies measured under the global AM1.5 spectrum (1000 \W/m?) at 25°C
(IEC 60904-3: 2008, ASTM G-173-03 global).

Classification® Effic.® Area® Vie Jec FF? (%) Test centre® Description
(%) (cm?) (V) (mA/cm?) (and date)
Silicon
Si (crystalline) 25.0+05 4.00 (da) 0.706 42.7 82.8 Sandia {3/99}f UNSW PERL [10]
Si (multicrystalline) 20.4+0.5 1.002 (ap) 0.664 38.0 80.9 NREL {5/04}f FhG-ISE [11]
Si (thin film transfer) 16.7+0.4 4.017 (ap) 0.645 33.0 78.2 FhG-ISE (7/01)" U. Stuttgart (45 pm thick) [12]
Si (thin film submodule) 10.54+£0.3 94.0 (ap) 0.492° 29.7° 72.1 FhG-ISE (8/07)" CSG Solar (1-2 pm on glass;

20 cells) [13]

Table Il. Confirmed terrestrial module efficiencies measured under the global AM1.5 spectrum (1000 W/m?) at a cell temperature of
25°C (IEC 60904-3: 2008, ASTM G-173-03 global).

Classification® Effic.” Area® Vie lsc FFd Test centre  Description
(%) (em?) (V) (A (%) (and date)
Si (crystalline) 229406 778 (da) 5.60 3.97 80.3 Sandia (9/96)° UNSW/Gochermann [30]
IBC Si (large crystalline) 21.44+0.6 15780 (ap) 68.6 6.293 784 NREL (10/09) SunPower [31]
MWT  Si (multicrystalline) 17.3+0.5 12753 (ap) 33.6 8.63 76.1 AIST (x/10) Kyocera
Si (thin-film polycrystalline) 8.2+0.2 661 (ap) 25.0 0.320 68.0 Sandia (7/02)° Pacific Solar (1-2 wm on glass) [32]
CIGS 13.8+£0.5 9762 (ap) 26.34 7.167 71.2 NREL (4/10) Miasole [6]
CIGSS (Cd free) 13.5+0.7 3459 (ap) 31.2 2.18 68.9 NREL (8/02)° Showa Shell [33]
CdTe 10.9+£05 4874 (ap) 26.21 3.24 623 NREL (4/00)° BP Solarex [34]

a-Si/a-SiGe/a-SiGe (tandem)’ 10.4+0.5° 905 (ap) 4.353 3.285 66.0 NREL (10/98)° USSC [35]
= X289 ¢c-Si HEHE X &Y 0| 2 F 2HHM=

C_;’ Hanuwha Chemical



Beyond Grid-Parity

Back Contact Solar Cell (BCSC)

= BCSC &&
fi-type diffusion p-type diffusion ndype diffusion _xl—-I 'Iel' %
-o O/
EWT -EESE 5
-2E3Y B
BCSC ke
SiN,, n
MWT I:Wj I:_:I
p+ \/ L]
MWT
emitter contact
Mwa A
bus bar
base contact
- SEHI0| Jby 2 2N
-3 B3
-(+)/(-] grid % junction& HMJ|H2= ZAHA|J|= sequence JHE:
E A passivation

tH (lack of shading loss-up to 10%])
-XMM passivation X%} |2l

3l (coplanar interconnection)
linter connection from front
to back = XI5% HHE)

IBC: interdigitated back-contact
(back/rear junction)

MWT: metal wrap-through

MWA: metal wrap-around

EWT: emitter wrap-through

C_;’ Hanuwha Chemical



Key Facts and Figures of the Analysis

Wafer-based technology - Cell structure evolution
Passivated cell development roadmap " 4

h L
Cell optimization - lodule
* efficiency
Sanyo

Sunpower

E'.
MWT -
o*
*
+
o~

Structure complexity

b © 20104 50 }'\um B EVELor PN —

source: PV Technology Roadmap (Yole development), 2010. 8
SPI 2010, LUX Research, 2010.10

Junction Shading Loss  Wafer 34 cost
Back None U= n-type High (litho, sput, =
MWT  Front Busbarless Solar grade(H, T}, UMG)

= MIt 1@ &0 I ot cell type: EWT

@. Hanwha Chemical



% SUNTECH

STP1255 (17.8%)

STP158S (16.5%)

STP125 (15%) Piuto 1l (21%)
<9 149

ion Efficiency

STP156 (14%)
Pt (19.2%)

EM Increase Innovations
- Metal Wrap Through 2004~ 2005-2007 2008 201

~ Emitter Wrap Through

20t Workshop on crystalline Silicon Solar
Cells & Modules: Materials and Processes
July 2010, Breckenridge, CO.

Material Cost Reduction Innovations
Thin Film (Wating for Reaization
Reliathon

Labor Cost Reduction Innovations
Denafrsr

@ Hanwha Chemical
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Invented for life @ BOSCH

c-Si HZTXIHE
SE & MWT = Back Junction Cell

2010 SiSoC Summer Meeting Breckenridge, CO.

The microtech market research company describes all
the existing technologies: From those developed by the
University of New South Wales (UNS W), to the metal
wrap through (MWT) concept developed by the ECN and
industrialized with Solland, to the new emitter wrap
thr_ough (EWT) technology being developed by Bosh
Solar.

Aug. 2010: PV Technology Road Map by YOLE Report.

Q Hanwha Chemical



1st Generation Research

o - Mono / Multi, P-Type
Screen Printing . Buried contact

Semi conductor Finger - Mono / Multi, P-Type

Laser Doping - Mono / Multi, P-Type

Laser Doping Semi Conductor Finger RREUCIIWA IS

Ink Jet Printing Hdleg

s
A

Source: UNSW/NSi (July 5, 2010 A F)

() Hanwha Chemical
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Beyond Grid-Parity

MEZAHMIES 12 E cell M

Cell device Cowork
Suntech Pluto cell>MWT->EWT Pluto Cell-17.2%, 18.9% | UNSW
Sanyo HIT=>0D
sSharp Back Contact Solar Cell
Q-Cells Back Contact Solar Cell
Yingli N-type Cell (PANDA Project) | 18.5%< (cell) ECN
JA solar SECIUM (Si ink—SE) 18.9% (cell)

MWT ECN
Trina Back Contact Solar Cell NUS
Kyocera MWT 17.3 (module)
Mitsubishi STD cell X3} 19.3%
Bosch SE>MWT->EWT

C_;’ Hanuwha Chemical
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PV Cell &M Evolution vs Revolution

Beyond Grid-Parity

25%

20%

15%

Tandem SC

High efficiency cell(20% <)

(Non-standard cell & highew

s)

\\ Revolution WQ

2010

2020

Q Hanwha Chemical
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Beyond Grid-Parity

Your beginning will seem humble, So prosperous will your future be. <lob 8:7>

uv \ visible l infrared >
16|
— O solar spectrum (AM 1.5-G, 1000 W/m?)
E_ 12} O converted by crystalline silicon cell
E
=
E l 1100 nm - 1.1 eV = band gap of silicon
> 08
2
@
c
o
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a0 A‘
400 800 1200 1600 2400 2400
wavelength [nm]
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.
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. = e ]
o 17% Efficient: $1.60 per watt
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.
.
.
.
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.
.

QD Application to ¢-Si Solar Cell

Ohmic contacts
e

AR coating
P-type cap

Quantum
dots

N-type cap
4 Ohmic contact

Pure QD Solar Cell

MNOVaLIGHT

\\W’SOLTERRA

nnnnnnnnnnnnnnnnnnnnnnnnnn

natcoretechnology

advancing solar science

Q Hanwha Chemical



http://www.natcoresolar.com/portal/index.php

Beyond Grid-Parity

C-Si HYMX| 11z & Jl=He MY

V=
-Si : P-type > N-type(1l2& X AIIEL]
-9l 118 &, breakaged A, XISt (A & B &c}9l)

Cell device
-2J1(~2015]): Std Cell = PERL
-&71(~2020): 88 20% 0l&° FHEM=0] 50% Ol& M
-&J|: Tandem (QD =), >25%

- 2H= NS0 HIHHE SAI0 ZA0H0F SHTH= HOICL

C_;’ Hanwha Chemical



PV Technology Development

It was not until 2002, almost 20 years after its inception, that
| First Solar shipped commercial product. Founder Harold
McMaster had confidently predicted that "in five years SCI
[First Solar's previous incarnation] will be able to produce a
watt of solar energy for 60 ¢ "; this was in 1998.

Hofstadter's Law: “It always takes longer than
you expect, even when you take Hofstadter's Law
into account.”

{__‘} Hanwha Chemical



<CEHXtE> Beyond Grid-Parity

Cost vs. Efficiency

Module Manufacturing Costs vs. Module Efficiency, 2010 Module Manufacturing Costs vs. Module Efficiency, 2015
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Production and Cost Outlook: 2010-2015, the panel prices on the retail market will drop
to less than USD 1 (EUR 0.727) a watt by 2012, driven by solid competition.

Source: Greentech Media Research, in SPI 2010, oct 11 2010

() Hanwha Chemical
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Trinasolor

Leadership in Non-Silicon Cost/Watt

i 0.82
Non-Si Cost
0.78
0.76 0.74
0.73
0.62
Si Cost
0.46 0.39 0.36
v $ -& 0.35

Q309 Q409 Q110 Q210 Q310

Gross Profit per Watt
{UsS)
$0.66 $0.65
$0.59 $0.59
50.55
Q309 Q409 Q110 Q210 Q310

source: TSL earnings presentation

vm%m

than expected results. Yingli is one of the globe's largest vertically
integrated solar firms.

¢ Q3 Revenue: $491 million (vs. Street at $477 million)
¢ Q3 Gross Margins: 33.3 percent (vs. Street at 31.7 percent)
o EPS: $0.44 (vs. Street at $0.36).

% SUNTECH

In the reported quarter,
Suntech’s gross profit was
$122 million and gross
margin was 16.4% compared
to gross profit of $113.9
million and gross margin of
18.2% in the second quarter
of 2010. The sequential

03/2010 == top tier gross margin rate
-Trina: 37%

-Yingli: 33.3%

-Suntech: 16.4%

@ Hanwha Chemical


http://static.seekingalpha.com/uploads/2010/12/6/saupload_101130_tsl_costsgrossprofits.jpg
http://www.yinglisolar.com/index.php
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