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Abstract

As demand for energy grows and principal fossil energies are increasingly
exhausted, the importance and urgency of the development of renewable energies are
becoming abundantly clear while more and more attention is being focused on the
remaining life of the world’s fossil energy reserve. Against the backdrop of
deteriorating global warming and skyrocketing oil prices, application of renewable
energies has attracted more attention than ever before. Traditionally, oil, natural gas
and coal combined make up over 70% of energy in use; however, as a result of new
advancements in renewable energies, governments around the globe are now
committed to enhancing their shares insenérgy utilization. In particular, solar energy
offers the benefits of zero pollution, ready.availability of solar light resources, reliable
quality and decreasing cost of the generated clectricity; consequently, many counties
have been actively promoting the photoveltaic industry in recent years. As market
demand continues to outpace supply growthy ificumbent suppliers are scrambling to
significantly expand their production:capacity.in order to achieve economy of scale.
In the meantime, a large number of newcomers have also been enticed into entering
this market. Therefore, competition in the photovoltaic industry is expected to
further intensify going forward.

The majority of global players in the photovoltaic industry have been operating
on the strategy of vertical integration. However, as the industrial lifecycle moves
from the embryonic stage into the growth stage, market demand is increasing
exponentially and the benefits of economy of scale are being realized. As a result,
the approach of professional specialization has also yielded encouraging results.
Given the competitive advantages of Taiwan’s semiconductor industry and the fact
that the bulk of the country’s private sector is comprised of small and medium sized
companies with remarkable flexibility in manufacturing and business operation, this
particular model of vertical specialization is well suited to Taiwan. In terms of the
industrial value chain, Taiwan is disadvantaged by its small domestic market and
weakness in export of end-use system applications. As for the development of
upstream sectors, despite the strong IC industrial base, Taiwan is burdened by an
over-reliance on imports for the supply of the raw material Silicon. Consequently,

Taiwan’s photovoltaic industry is characterized by a developmental imbalance where
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the midstream part of the chain is much more established than the ineffectual
upstream and downstream segments. This leads to the question of how Taiwan
should position its photovoltaic industry in the face of aggressive vertical integration
and horizontal consolidation moves carried out by leading global players. This paper
employs Porter’s Diamond Model, engages in comprehensive SWOT analysis and
examines closely the development strategies adopted by a number of benchmark
companies. This paper will explore how Taiwan is different from other advanced
countries in terms of driving the photovoltaic industry through enabling polices and
incentive programs implemented by the government. The focus is on how to
leverage Taiwan’s unique competitive advantages — particularly the accumulated
capacity built up by the semiconductor, TFT-LCD and LED sectors over a long period
of time and the resulting industrial clusters — in order to compete effectively against
the leading companies in the world.

German and Japanese companies entered this industry at its early stage. Due to
lack of industrial maturity at that time, they had to, for the most part, adopt the
strategy of vertical integration as well as an operation model centered on
self-sufficiency in order to stay competitivei, In contrast, Taiwan came in with the
professional specialization approach which.aims to build competitive advantages on
the strengths of flexible adaptation: ‘and ' professional management of the
manufacturing processes. Comparatively speaking,-as far as the development of the
photovoltaic industry is concerned, Taiwan isTbetter positioned because of its superior
technical capacity and industrial clusters that have been established by the
semiconductor, IT and TFT-LCD sectors after an extended period of success. In the
short term, the key to competitiveness in the solar energy photovoltaic industry will
be cost reduction, and a good response strategy should contain the following 4
elements: enlarged economy of scale, enhanced photo-electronic conversion efficiency,
increased savings on raw materials used, and ensured supply of raw materials from
upstream sources. For the long run, competitive advantages must be maintained
through research and development of new materials and technologies in order to
protect against disruptive innovations. In addition, Taiwan is still behind in patent
protection for the photovoltaic industry. Failure to enhance capacity in this regard
will translate to steeper challenges posed by China as the latter has a clear cost
advantage. Furthermore, since there is no upstream manufacturers of raw materials
in Taiwan, the supply chain still has a missing link. This shortcoming in the
underlying industrial structure must be bridged before the level of competitiveness for
the entire industry can be further enhanced.

Key words : photovoltaic industry, Porter’s Diamond Model, SWOT analysis, vertical

integration, vertical disintegration
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2000 12001 2002 2003 2004 2005 2006
Sharp MW 50 75 123 198 324 434 428
Market share 18% 19% 22% 26% 27% 17% 25%
Q-Cells MW - - 8 28 75 253 160
Market share - - - 4% 6% 10% 9%
Kyocera MW 42 54 60 72 105 180 142
Market share 15% 14% 11% 9% 9% 7% 8%
Sanyo Electric MW 17 19 35 35 65 155 125
Market share 6% 5% 6% 5% 5% 6% 7%
Mitsubishi MW 12 14 24 42 75 111 100
Electric Market share 4% 4% 4% 6% 6% 4% 6%
Schott Solar MW 14 23 30 42 63 96 95
Market share 5% 6% 5% 6% 5% 4% 6%
BP Solar MW 42 54 74 70 33 86 90
Market share 15% 14% 13% 9% 3% 3% 5%
Suntech MW - - - - 28 158 80
Market share - - - - 2% 6% 5%
Motech MW - 4 8 17 28 110 38




2000 | 2001 2002 2003 2004 2005 2006

Market share - - - - 3% 4% 3%
Shell Solar MW 28 39 58 73 62 86 59
Market share 10% 10% 10% 10% 5% 3% 3%
Isofoton MW 10 18 27 35 53 61 53

Market share 3% 5% 5% 5% 4% 2% 3%

Solarworld MW - - - 17 28 35 38
Market share - - - 2% 2% 1% 2%
Photowatt MW 14 14 17 20 22 24 24
Market share 5% 4% 3% 3% 2% 1% 1%
USSC MW 3 4 4 7 14 22
Market share 1% 1% 1% 1% 1% 1%
Others MW 56 81 93 103 213 251
Total MW 288 399 560 759 1,195 | 2,500 | 1,727

FAL KR ¢ PV news

£ 1-2 2 PAIRRGE PR

Sharp Increase from current SO0MW in 2006

Q-Cells Increase-from around 230MW- to 280MW in 2006
Kyocera No additional capacity plan

Sanyo Electric Increase from-current:160MW to 250MW in 2007
Mitsubishi Electric Increase from eurrent 135MW to 203MW in 2006
Suntech Increase from current 150MW to 240MW in 2006
Motech Increase from current 8SMW to 135MW in 2006
Solarworld Increase from current 140MW in 2006

Source: PV news
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T4 %k ¢ Michael Porter(1985) » Competitive Advantage, p.23

2-1-4 Michael Porter i4Ez 23

IR BT o f e LREMRE RS ?3%%1 Vi - B AT
ga ¥a 3 4% B4 31 99 > Michael Porter(1990) % ¥ "' The Competitive
Advantage of Nations | * NG EIL i 1A & 17 o Porter &}1‘3%

WA AT A R FER A R s B G 3 H A - HE kR

2B fohie s A 70 GldeDeli Yang(2005) 7 02 gt — TR RAIE P B A ikl A ¥

s 4 od i PR PR BER A - BRTSE RN T XL R - AF O
BaAy Fpr 3 AdphadEn2 LT A% >t ARAE- BEHE ¥R

L4 AN L 4 S RS P BT R P ARLE

Rl RPN L B AT R 0 oBI2-49TF 0 A WEE 4T

a.2 & & % (Factor condition) — iz fr — & & ¥ B F PFeni & 15 2> 7 o LR F2 4
£ fehs o ?;;{%;sm;écﬁmﬁfwﬁlww%’m LTE R - BRATRE
RErHEG R A RFEAAMALAIRL B2 AR FAET

A~

T T kg
()44 Fih A4 iR HNE A A
(C)XRFRARFTRADAFEEET > e BV PEhI B RREFHF R

E X FEEEIEFE



CIFAFR: ERAFDT EHEEZ F 40 12 FTAD FhGHE -
(2)AAER  AHEROEE -0 B FER LAY EPERLS o 4
RUEER & 450 Al h S TR Bl ks R kR o
( )fcv'ﬂy{\ 4’5 E#«H% B ;}z»mfi%‘f HprE };}-fr e S R oo

Porteri A 385 A< Wa A 7 > W& L Bkt FART 3 LKL LD
L BB AR ER NI AR R AR F > KRB HEFI A E

i
Eomprd- MR F L84 5% TR BBH 3 plu B TR

NN

b. % Fif i (Demand condition)— B p g F3 F-F K 73ed B - & %
FHEFHTAETREDERLIRBDT RAFT 2 2752 %RY 3 FR
Bz § RRRE .

c. £ ek B E #4 (Firm strategy, Structure and Rivalry) —#5 3¢ & % &

R
W TRB A H R F A F IR I PR R *y%ﬁﬁWﬁ&%z
B L B ABHER R (T HNAIRT G B gL B T g0 0 8B

B e R b anigdr o
d.ipBf 2 2 % 324 & ¥ (Related supporting industry) — > 2% 4 £ 4 p M & L £ 4
PR ORE A R A RPN e REEPE A B o - irdg adp W
AXGHEL BRE T LR R P IR ATE N A B ERT N AR
g s W sl BRAGE S FHOBRERD R BN A E AL D
LEar s Menr LB H A B s 4 o
BE - WEFFEUNLEF SRz T AFOhNERPBFET R V7 0
MG P B L P DA F G B s A4 PP ea PP gL
B FALAFEFATEP  AFHPHORAE RE A apl s g B s R
W HF RIRIRE o
f. PR — sT R P 3 P AT
a.g

m
B P4 > THE R P RE B L 4 o blde BEERDEH BTN

3]

dd o vHERER Y AL - TR

5

AFOFRAGEF AL LG L BFAR LR G E R A

Boo B B OB fihd £ oo Porter 305 - BILE S d § RO R G

CEEEU RREE YL 2 S A X ARSI SR

B Fofiping d R4 vl - BIRE O WGR L F AR BE O GRWLL
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BRI AT IR BT L h (T o bldoiE % $(2003) T 8 0 B RAIET & AL
2 &I o BICA ¥ a2 A kP H ; Shih-Chang Hung(2006)~ 4%+
DI ARTEA LR F A S FIE M EITE R RAIRT E RBRCAIE S S A A
TFT-LCDst s v ; Joseph Z. Shyu(2002)R] 14 - e 37 vk 45 34 & 4 i
g £

B 2- 4.Porter cP4FEIL 4 7 11
F# kR : Porter(1990),Competitive Advantage of Nation, NY : The Free Express, p.127

2-1-5 SWOT 4 4% ;%

o RIS TR 0 TR A EREE p el AR PRI

A gy Kog e & g 515 -SWOT A4 L £ F B fa g § +o0i

A VIR Y S m%’-?L(Strength) ¢1 ¢ 4 (Weakness) » 11 % b &Ik 5 e
5

-

(Opportunity)& = 4 (Threat) - & ¥ Bipehd A X BB > n A F M Ak
A EERLD B AGES o
“+3) SWOT 4 45 —
Lg% (Strength) B 84745 e B > A le S R P R FUE RS chiEfey o
g flehp AR B FE
2.4 %(Weakness)4p aa{_z_af%\; o $Henak Bho A7 i aE 5 P fen
3. € (Opportunity)dp 7 1 §Tes e sid & p Rt LR B 77
& ¥ (Threat)?% 4 » & IR S g B b Ik 5 5% o
*%’d SWOT ~ {7k v v v L4 ¢ (O)~ @ P_%L«m%%i (S)>
tipegad § (T) 2 B 254 (W) g N RES BN G2 P4

\rn

ﬂ\q.
_'l
e
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AR Y RLHETE IR 2 SWOT & 47 0 fe & 5 o @ o B 500 247 » &4
CASIE AT AE By BRI R AFHE A7 o

22 &E FEREER
Coase(1937) T & #73) B & » AApgd P AN SH A IEH
B8 F R e F R BB RS > F 5 H R

DA ER L fEE T P EE o FEEd AT FER PG TeT

PSRN AR AR SN

FE o7 5 B F a8 B & ok (T4 473 > b4 John Stuckey (1993)

%§%E§€ﬁ§%§—§ﬁ§ﬁ§&%ﬁ§%ff NRwE 5 BE F(2005)
R S RICAEL EN 1 nEEE S UG FoudF 5 Guido(1995)R] 14
A A AT AR LD S i £ S R A ¥ Chris(1997) R £ R B

FFERMIFFE L L vk B o Derek(2006)11 & 4 1 & F & i ek

S R R L B

Porter(1980)% Hill and Jones(1988)#% 1 & EF B L8 Lok G 5 4T @

O'% ik A —d WP AL o FEEEFERIEE S A B fHEF Faco

ORIkt — R AR SRR R A B L £ E
LT MR R o

O F e rMm— T WAL GE AR O FRKR T AL AT

Erf g7 R AR

.ﬁlﬁ—é_‘%\%%‘r—? M REFE FRMROEREST  EEL AR SSE -

OB AR —FEVNURRFHAIAZHLLERRE R FAIEALR
L

Porter(1980) % Hill and Jones(1988)~ #% ! 7 &8 & & cdf 4o ™

A e 0 BT -

7
O - BT gy —F R EE A TR L FETPRFF
i Ead EEP (F g

OF ARFER—FLEFLFREFT A TR IT EIAnGY RS -
b2,

O g b T — R A TR RFIIA R F Sy R
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24

B 48 Bde A 2-3 HTon o

# 2-3 W"’Péi?ffﬁg*“ -E FE AR TR B F ORI
FrLEH # LE FEFAFIN PP
Stigler 1951 Stlgler ¥Ad A HE s ZE AR R
PR SNEIE ST IS F-F-3 A - sy o
s > Y AELE FEARARRE -
Arrow 1975 N FEHN v P EFEVELTRRED
* T
Carlton 1979 | BB vABLe FEmEEtt Rplar® » 1
WA 2 T HAL DR B M Ff—/i—?f\m’?
4 s o
Matheson & 1984 | L3 BLEV RS A FEEHE Y o THELT
Winter VLR AR s BB 1B F
Klein & 1985 LT BEEFTIUEMRIE A
Williamson
Spulber 1989 | f1* & = ‘g7 (Economics of sequence)z# /M @ Z-E
ggéméijﬁﬁwﬂﬁ$i
Perry 1989 | ¥ disk® L& T RAIE
[ BLERRE Y S
LN oy oS e e S e
WSRO ZR Y g B A G IR %
W L pTE 4 U
WS s A
Hart & Tirole 1990 LB LV B R R
FH KR © R R A(2003) ~ E 12 % (2005)
fAFEE FEE L E N Y iR p B RO ARES

2R AR AT AT PG AR R E A E LR LY
Ao BARBEATE TV R EFSEAIF 5 e Stigler(195D)~ #4410 £ F
P AL LEL I GY NS FLE S 7

e REL T EFFFFEABER LR FARSAT ARG S S A ARG
Plms 28 BAHS P 320 M 6 4 & TR HFE R E g S gt &

AL LB A TR BRI > M EER I K o

MoF?F>E 55 R

23 XBATEY ¥ A2 kR EpBFEPEAL
ﬁiﬁ%ﬁpfi%@ﬁﬁﬁé—Eu%%{ﬁ@%%ﬁi%ﬁﬂM{>ATK

B0 A gL AP R AMGFRY &2 ond B ML FHE R gk

s PHAFLEE O T RE RS %’*??ﬁ’a}%#ﬂﬁ%’% & %2 7 o Gregory
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F. Nemet(2006)13 45 18 4 thlicdy » & = Bk T chi e & & 3 3 e il R
P 81950 # Rig 4 H BT R R ST 100 B 0 FIA I AT E R 2
B AL Aotz g it P F P H A B R T P AR 22 B g Y
WA T [ E s TR A NS HE AT REHE S AR EOE
gl - e A AEROFF L BT DR BRI ORI ) e
KT TS 2 AR AR T R AR R B4 ) Maya Papineau(2006)
Pl AB AT doP XL IR AP 2 FESYH Y 4 senp g 4
FRAF AR T RZ I BT AERRPES ¥ 5 Kwok L. Shum(2007)
FHAFEEpa WA R R IB LT AL PP p 252003 & & %%
BEEATLERDIBANUABA RARA kAT - £ 5 - B2
B B4 A PRGY KRR % o BRI A P 2 Rl e iR
PAORE I NEAL B kdad 1R AL FELOPEY U EREE
ﬁﬁﬁi%ﬁ%’ﬂﬁ&ﬁﬁﬁﬁﬁ%ﬁuﬁ%ﬁ%ﬂ??@%ﬁigﬂ,gg
4 B e 2 3RS B ok il Johan Albrecht(2006) 3% & k A BBk T % ¥
W CAPM #3022 Hois 3 2 08 andF el R BBk 5 (7 b enB ¥ o sk
L) 0 A BB R R el H - 2015~2040 E W EE G A 2R AR
PREEBFR TR B A SR BT R pog s F)PL R kT i
* £ E¥x 3514 ; Chihiro Watanable(2000) [ 4 %t P A~ = k7 2 45 34p M A ¥
LR E B FEAURETER A £ B B R 3 4 47 0 Sunshine 3t & g F
— R BRI R L LR N e 2 BT g e 1
&w%%ﬁ&?ﬁéwtﬁé%ﬁﬁ@@ﬁ%évﬂ%&ﬁ%%%?@ﬁﬁﬂﬁ
THRIEA R ERT O A > W R AT R R B #
FoPFFEE GRTEG S - B ULFR R B R TR
PR A4 REIBETEZ R AT ARP DN RE Y §3F 5 i
o BlAe IR K Q0054 ¥ BT AL F B R AT B - BER > THFH S
BESBETAENFR L 0 ERNUFOER FFRE Ao ;ﬁd FTR (b
e AR 2R A FERB PRI AARTERN) AERENDHEF R R

g

FAEFEGEE A F4aE 0 2 F RS B X AL (2006) 13 T 2
EELE o NRAEEAERT AR SR ALY B4 g
WEEYYREG v P AR R BRGS0 Taka s S e
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TAEFBEHGNE L Kk 7 AT o M $(2005) 1 48 FlFc
LR AFCR A FRR B R T B R ESCR G B R A 47
RSB XD FF B DR T S FAGE2 5o 83 SR M ek K #ov i3

B 0 3R H 2006~2010 & FF AL B S Bk 0 S il o
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IR ABRTAE

LEF R R RELBRFORTE PR TE LR R
ERAEFFERIFRLIEN RS ~F B RAFT A FR R E T AR
Foo@m 2000 ERBFEATE 2 i RE 0 R LR SRE D PR KL 4
RRIET S B BRI T AR R BT H T Rkt
ERAIGIE T ARANT LG LN REAPIBRTE FRTL
BARAHRE G RLR € LB A AN ETEES SBl 23 AR E R
REAEXRIHBLETH E - el LT A £ ¢ (EPIA)sL:: - f8.1998 &4 »

THATAENREEAME E35%BE AL 02004 £ A ERECE S LiRE A

BIP 1A B30 FI2010 £ » 23k % B8 T8 AT £ A B MAgEAT S -

TFRA T AFH BT A E L BR O FP A B2 R
W BARE 1T JEN TR FIP > TR S BET 2P E 2 R IT-
RAEMIE -

THRAREAEYE

1954 # 2 WL ERS%REH PP R EE BN I 2F 6% Bk i
FRADIFETAE 0 LB R R R AR o #75) chk BB T % (solar cell) k- f&
FI* cBERHEZAEL T ORTER LT ZER A~ £ - f8k Kok

(photovoltaic effect ; PV) o #73) ek ik o fig— 4k m 3 £dg 5 » 55| L g

M

BRAATF-THRE T F T HRFILEW pn &a L OpETHIEF AL

o R FfeR W AARE D e b BT - TR Aok 2 ST B2

TRERFCALITF-THRH R FEF P 2T HAPEd % n-AFEH

(drift) - @ AR s - T f FIE P2 RFDBER b p ARG oS PR
AT AT B RERRCAL T IR 0 FE PN THPRES A4 n-

A% e p-Al®OES T fr“u{b’“réﬁ ek ¢ 7% (photocurrent) © = [ 7. # 7 R

T2 4o 3-1 9797 o
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AASRANEFESS B4 EPRESH
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e T NEREHES
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PEEESYES
ARG RTFRNERTESET U AT

@31«%?ﬁ m@ﬁ

T %R 4 wﬂmﬁg ﬁ@gv:
HEDT > = %ﬁmi”p”*nﬂlﬁﬁﬁﬁﬁg%*?%ﬁ

DR HE e S RTE T RIL—F BRSBTS P~ b R i B
gREFEMPMP P T REAH(AL T F-TFH) T A-T ik (Hole) ~
f. % dm-7T + (Electron) § 4 %L (p-3))~ f (-3 v B F T 2 K o T
P f R MR P PER(REER B LR
4o 3-2 “o% o
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Electric

P R & B ﬂmﬂmwﬂ%ESWVwﬁﬂﬂﬁJ%WQ

W

5

#2% TFT-LCD #4245 i/ > 41\?5%71 3-4 z -1:5 “*r—rn"a

TFT' LCD ) 47 57 19 5
%1fﬁﬁ&mﬁwo
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23-12HB34 e XEMz TFT-LCD A& £ #40 i

Tk e W ge h E e 2
F A4
ABE & 200551 mE A~ 2005 : 600 % ~ 2005 : 2,270 % ~
£ ¥ 2001~2005 CAGR : 78% | 2001~2005 CAGR : 42% | 2001~2005 CAGR : 13%
B TR AL P REFF A HFF AR
-t B S -
SR~ AR -¢ R PR N
SRR E RS RS R | xR A R R RS | AT SUES ] §ﬁ¢ﬁ
PV s %= & 37 _igé_ﬁrﬁg Sk
SE AR AR A SE AR A S AR 1R AT
FER
LR A A AR R R | R T VX2
SRR B S i b Al
F 5 R TR B AR TPER- -
R | -F s rorpE ere il | cRakeben p d BB R
B AR LR R R ;fmm,ﬁk 2 M| -E R AE R
F" ﬂ)\ E‘*EE + K§

F# %k : Daiwa institute of researci LTD

32 BT iR L

THRTAAERE S ARVALR A e AdS <4 ol 3-6
ST o B AT RE A eng Wi 0~ v 4 5 H & # (Single Crystal) % BB T -
% & # (Poly-Silicon) = = T # ~ 258 # (Amorphous) ~ B T # = f&; p »n H {p &
P SBT s R EL G SR 90%I0 0 F R Sesa & K& E A (ribbon) ¢
{8 iE93.6% 57 Feniin o 2p RER| G wg%i%@%%ﬁiﬁﬁgu%
BRe o AP LTHEMABELTS LENEDLPM%E~AE2(GaIn E)2 V%A
%anAyaﬁﬁﬁiiﬁgwwmhm\Iﬂzﬂﬁ§MVﬁwg%£%@%
BEAREH AT AP HIRE > nd AR ARE 0 L R TR R A
LE et Ao HE G F ;¥ - R EI%EAEZnCd £)E V%A E (S
Se~Te %)= 2 X HH (54 CdS~CdTe #) L5 I-VI% - &4 L FHM LB 7
BRI BT BRI LG S ARMAES o e PR
ko Pl F v AR EDEF R - kB LA PRETHERIERIER U
EAFSirdl FIR A VI L BRI V- LRSI R

W=
= »
oo
E“JA

-
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e FFABIBTS Se fAHBRE SCwS A A B RS B - Bl - 4

Y

SEB AR AR ABTS B PO FIEEF RS B A RFE R

B
BR300 U] fod ke B0 A SR 4 0 £ 32 5 A A B

PPz B T e ey By e

bl

=H

E EIBB
sAgs | —
;l; E'HH
N I~ N
° Amorphous
B Ry E Thin-film tandem
5 ,
S : | Ribbon
54 E5 e
= 1 =E CIS/CIGS
L 5&'3_}:" BEB |

Dye-sensitized etc.

|
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F 0 3-2 X Ha T R R

Hi ¥ 5 ko (%) ¥ L=
I Eto AM 1.5G at 25°C (U$/Wp)
RHEEH FEMGH
(cm?) (cm?)
HI-1V % P ALE GaAs 25.1% 1000~2000
(3.91 cm?)
Multi-Junction 32.0%
GalnP/GaAs/Ge (3.989 cm?)
Wafer
Based
I4 L7 Single-Crystalline Si 24.7% 15~18% 25~35
(4.00 cm?) (Dia.= 47~6")
SRR Poly-Crystalline Si 20.3% 12~14% 2~3
(1.002 cm?) (Dia.= 47~6")
H/zL P HIT 21.0% 19.5% | N
Hybrid (101 cm?) (101 cm?) Sanyo
)24 V.4 Y4 Micro-Crystalline Si 10.1% <8.2%
(1.199 cm?) (661 cm?)
Y-y 38 Amorphous/Micro- 12.1% <10.4% 2~3
Thin # Crystalline Si (1.0 cm?) (905 cm?)
Film sudp Tandem
1-VI *% Cd-Te 16.5% <10.7%
(1.032 cm?) (4874 cm?)
I-11-V1 *% CulnSe; 19.5% <13.4% 2~3
(0.41 cm?) (3459 cm?)
T TR Dye Sensitized TiO, 8.2%
# (2.36 cm?)
a. “‘3]" g F =T i

B Heend G 2IRE S B ke ATHON R F 0 1 R E S
éﬁ&@%?ﬁﬂﬁﬁﬁ%ﬁ‘ﬁ#%ﬁﬁ4ﬁ¢%%ﬁi Bagahp R4
2010 A »a 3 v /2 3 20% 0 fu BERET 160 um> HiE+ AF D P A a-
Loafred * Z %I 30F 0t {FEE A 2030 EFEHE TR T 30%
P

A HEEP SHBai»

PACI9T3 E B p 8 > PR ERBRE T HIERE 22

FRF MR R d 2 H L AR ETREESA A B RFAE

BEP 0 kBT AE R § 107cm 0 FP F & gk hE R 100pm H 4o ke

PRSI Gt 2 IR S AR LS 5 i p) U CR £ S Sk SRR 2 I AP
DI S I E 3P S - é.ﬁf_;{ 32 i A 4obdig (3 4 (Passivated Emitter
Solar Cell » PESC) ~ #i&c3t i &4 4& %3 4] (Micro Grooved Passivated Emitter Solar
Cell » ugPESC) ~ # & #§ 47 %4 #& % 3£ 7| (Passivated Emitter Rear Rocallly
Diffused » PERL) ~ £ &2 » ;A £ H f * B R4 » d 3 g4kt dreea » 7

)

prl BAH B AR A B FENAETET AL S
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BE s R 47

FTiE2030EF 2 AEAERBEE - LHEHP BT
LR B AGHEEE TR LG R RREF T

AN

SR AR ‘»’f"‘é‘-’f#jﬁ g & B B SR ff”“—é.‘-f#ﬁ’ ﬁlﬁi;}i
MET IR P R AT R RS SR

o4
BriE B T AR A H B K TR B ok R KA A o

poand 33 &
KRR ARF e SRR AP BT FIL S AP BT A LR
mA A B AFAIHER TR P kG FAZE 50%11 0 -

C. #wal s BT
P 2IRfERE R e S AR Ge a0 T I AT B
ENR T SEORR UEE RS R TN SRR C AR T4
i %-(Low Temperature Ploy-Silicon » LTPS)# 5 & » — 47 & & & Bt f
PR 5 8 b A < 128 R A 50 % T A A TS
(DF B8 FApmst o QRS & S At o B0 E B & AR T A
FUT ZfEE L (D)ERL BTV RRET 34
FE S HPAN b UE R R R Y R B AR § e il
BREP DI R EEARL ot 3 R R o A m A LTPS & e
PR S o BAR] LATT PRI 2 B RTA) ™ 3058 SiHly R AL At
RGNS R AN PA@mP A ERABAF AL AR ESRY
Bod o B IEH WA IR 0 UL 3 LT R LR Y o Fp
LS B E EL R EAEE i LRI AT T AR LA

F(R Rl 2 8 R ) B () Bt REARS S A

3

A2 o

B f2 5 7 &3 U s (Laser Annealing > LA ) £ 3 % & ik (Laser
Crystallization Method) ° o 80 3 F 842 R E A HINTRE > T RREH
TR ENILSORZRF AT HE BB I OPERR] 0T 2
AR EAR SR OEARRT FIL A AN RERY B RT §ER M
TEWALAF2Z A, ¥ - BE¥ e LTPS WAL £ B 5 £ & %2 (Metal
Induced Crystallization > MIC) o 4p >t & 50 SPC > H & &t 25 = %
WA e Foom B A TERIF ERE N PRSI o B R &
WHE S RP AN 2P o AEFF S N ERLGE S B2 ARK
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2T (5 500-6000C) Hig % ®p o F4EEF 2L KE 12.6%F 0 22
DR RN GAasSTICrt o b pFF L S %P A2 fp Wy 5 3

B B9 500C T MRV R AL LS Tt G
A F i DL B hH P EIE B 3 o H S R 2 WA
PoooipAi a2 B AR S AR > 2 Ed M hars B R (B R) A& B
PRADEIBE S FP T AR DR AR o AR EEEL T
fo B E 2 RART A S B R MR R zﬁuwﬁﬁﬁiﬂ(wﬁ%
ﬁﬁ“-ﬁ?é‘%""?}i*‘“§fﬁ7fﬂwﬁai) ’rgaz_ﬂ—\ﬁ'f ¥ 2R o A ER
BB Aok B R ¢ U4 E A+ (Substrate ) #4542 E > F]t G g & F
BEMHEREZ TS @@Hbséﬁ’”wzéﬁﬁﬁbf¢*°m'%mﬂﬂ»
R PR AR g > BV RSN R FRATRES
BOURRFRGA R N o T2 0 S fp R G AR 0 7 g
WA TR S SRR S o TR 3 XU AR E -
FRME Y HRB SRS S B T oS i

e A A RIS FRAE R ML E AL & R

B EP I CERAM B M PN R LT T R B R

@i
1 EF AV A > 7P L4 E 7Y (Ohmic contact) e BT [EE 3k
% % R AZ0 & 2 Finger 2 Busbar RA&HE AR50 2 6 fifi X L4 4 &)
PER LA DRI E -

() 24tz i

d3 Si B R ®EFG S4%E L AL HREPN G 34%2F WL O FTEF 2R
Frof a2 P AL TE S K B2 2k (Anti-Reflection Coating) » 14 g -5 & B3
Aod WiBaunrixks s TREGIET F P KEHEFLZ2FF

Sfo FIM AkG VYD A FHEEEE A - £FHER Lo TS F MLk T

h
w
31970 & % > f1F R

7**

W A TR ik i iv 5§ § 44 4% (Plasma Chemical Vapor
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Deposition » CVD)= j& » 127 7 %2 (SiHy)# BEAH 2 2L p 507 L X2 4 2
WS e lcr BRUNRBER P HULERRCA 2P HiFd 5 - w2t
G F AR BT 24-55%  AEEFAHES T S 5 - B
DT R - RALPABTA LRI B Glhe s B

W B RRER o d L F R RARPFE PR AT Bt AR

?ﬁe?

AARFT AR FAELY SBETHE CARNP Ha T 0 R BT SR
ﬁiﬁﬁéa@ij@$$£%&ﬁﬁ%%’ﬁﬂﬂﬁﬁ"Efgﬁﬁﬁﬁ
FERT - blvhe® Y ~ SR G EE > I OB

Baadand B B w2 — o
33 AT X R
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FL T 21.6% 0 2 F T B AR f P endd de s ok o

n-type (by thermal diffusion af)

Auti-reflection laver p-type amorphous Si
intrinsic amorphous 5i

Electrode

Tap electrode

/T - T
Metal elecirode ?_ EE‘I;IEII.F::IIE _'J: (rnmm+:'§ﬁi’t}-p,]

intrinsic amorphous 5i

Crystalline §1 (p-type) n-tyvpe amorphons Si

Conventional c-51 solar cell HIT solar cell

W3-10 Gop &< HBTH o HIT < BT B4
F 4L k& :Sanyo Electrical Corporation, Japan, 2005
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HEIBERT T RRBOEA . AR S LGP HESET o B2 el @
BEAISHB T AL 3 ATehgd BE o Fla @ 0 EWE AT S BT o B X Flp

B BAGE T AR A ARG 0 T SR BRI
18 gL
23 31BEWEIAP ABTS WS RTEAR/AN
FoTEE A R W m u | 2004 & &2 & | 2004 & & & e I #
MW) MW) (%)
Kaneka Solartech p A 17 20 85.00
United Solar iK 14 30 46.67
MHI(= #£1) p A 8 10 80.00
Sanyo p A 5 5 100.00
RWE Schott N2 2 3 66.67
ey a3 3 4 75.00
2t o 7 ICP Global Technologies | 1.5 3.5 42.86
P A ¢ R 0.5 5 10.00
Bangkok Solar % ® -- 5 --
iR+ p A -- 3 --
A LAY 2.5 3 83.33
Ph BT R e 0.8 2 40.00
CdTe Antec Solar )| 8 10 80.00
First Solar ENE| 4 10 40.00
CIS Shell Solar 16 & 3 5 60.00
Global Solar 0y 2 3 66.67
Wurth Solar P 0.4 0.4 100.00

EFG Ribbon RWE Schott 1 H 35 55 63.64

String Ribbon | Evergreen Solar iR 7 15 46.67
HIT Sanyo p A 60 83 72.29

TR Sunpower ES-| 5 25 20.00

Mk 7 Spheral Solar power 4o ¥ -- -- --

Silver cell Origin Energy b -- 5 --

TR KR ATH R 241(2006/08)
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e T 10%2 b e

b. it &4 L H 487 GaAs 2 #E 4 ok

P AR A &

c. CdTe =BT # B>
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AR EFSBTE O OHFHERRE G FRE SRR %o CdTe 2 CulnSe2
BPRERAAB RS LA BEN AT A AN N RERES L
AAALR PR ARBY AT REIE
LBk R B AIE B R — 25 % & J) & (European Patent Office) se3t &
1990~2004 & ¥ &% B % T AR end ¥ Fokin > doBl 3-13 #57 » & & ¢
el d 1990 # w0 500~600 f 3 4e I] 2002 3 2004 & 42 1,900
1998 EAz ARy < hB Y G el A R AR L P RS
ERGFWIBTE IR SR LARAS c Y FRRE HERF o 4oF
3-14 #5570 0 ¥ FR RN Z LRALP A~ FRE AR F KA 82%
Kpp Ao ZLRF ISP AL FEBY HUINAL GRG0 BT
R wA Sl FREIPF & o W EM AR DT h - B FED
B R AL S TP AR TR P R R

2

HVE R Ao RIRP ERRZ F AL G g o % g - Big £ 8

" ._é:'r’ E rrﬂ n'ﬂ'l\.
Global development of patent appllcatlons in the area
of PV between 1990 and 2004

4—

£ gy

2,000

1917 1915 1947

I crystalline silicon

I zmorphous silicon
I 111-V semiconductors
1,500 |-V semiconductors
s

[ organic solar cells
I building integration,
mounting technelogy

1990 1991 1992 1993 1994 1995 19396 1997 1998 1939 2000 2001 2002 2003 2004

Bl 3-13 23f L 8g = BT Fssh 1Y 5k g @
F#L %R ¢ Photon International, November, 2005
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Patent applications from 1990 to 2004, broken down for different PV technologies and countries
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% 3-42006 # #7A)| B R A RAP L

R Y R ey =2

Saint-Gobain CIS $icle 1 Fz £ Shell i {73k §

Fraunhofer Institute for AT X BT 47 Ry mHE > LAt BT s

Solar Energy System

Solon AG E 4~ CIGS Fwos BT PL¥ % K Global Solar Energy Inc.

tha & 19%% 4% » sg {1+ 2 %&ﬂ'%ﬁ:“ﬁ

Sunpower FREAT S A 100MW » 3 B 3 #E e 7
B Bt A B MEEHTF S
20% -

4v £ X5 % - p# it k% | Spheral Solar Power = * 3 = @ Photowatt Technologies

> ATS

Emcore -V %% 3 »c % X BB 7 i#

# " Solar Technologies | DSC #- & T3 2007 £ & i 5,000m” sl e

S.A.

Cyriyn Technologies Inc. | Triple-Junction Cells GalnP/GalnAs/Ge > #4235 39%

Sunpower PRI BT

Honda CIGS Cells Fp3 2007/10 & & 0 A 27.5MW

Advent Solar Inc. TR HIEDH A #e 25MW

FHL &R 1 F 1 TEK(2006/08)
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% 3-52006 & & B 7 45 4 B

R A Sl P LR #%é_*ﬁu%'l
Ersol DN L R FE3 2007 £ & &
Schott Solar SRR T s FE3- 2007 £ & 0 A& i 30MW
GmbH
Solar plus SA BB RS BT T 2007 # £ A 0 A F 45MW
Aleo solar EX T s (CIGS) A7 30MW
Gmbh
Uni-solar AT R A& &t 25MW - 2007 & & it 100MW
EPOD R ER ST A% MW
International
Inc.
ECD R R g3+ 2007 & A i 100MW > 2010 #
300MW
EPV PN 0 Wl R T3 2007 # £ A 0 A i 125MW
N 3 2R S ER L | An SOMW
2
Kaneka AR ER TS 2007 & & it 55MW
Ersol New R e o FTH AT B A LW S AT
Technologies
GmbH

FHL kR 1 F7 F IEK(2006/08)
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£ 50 FP I FPRP > RO AHERS P T BET AL LR
AEERAZ YW HFOSRBENFNT PR B S KHEHFRARL AN
Ho Py i d 2 5 e 2o

L 3-6 BB R LT Bkt i

T B BHER | L AR g Wi | Fh2
e * e
B up B Hop
H f# % 15~17% * R % %
 d # % 14~16% * B %
RTA R o FpiT
EFG Ribbon b2 13~15% B 1B 0 e 3 i 14 # B
String Ribbon i 11~15% Bl B % F
a-Si/sc-Si(HIT) % 16~20% B JUH g 3 4 %
TR ® 16~20% FE B %
Hekw B - EES i S
Silver cell 7 E - R o v
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GaAs R 25~30% = 3 B %
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#%> p & NEDO(New Energy and Industrial Technology Development Organization)
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£ & | 1999 | 2000 | 2001 | 2002 | 2003 2004 2005 2006

& p A 80.0 | 128.6 | 171.2 | 251.1 | 363.9 | 594.1 824.3 | 927.5
X2 B 40.0 | 60.7 | 86.4 | 135.1 | 193.4 | 344.1 5153 | 657.3
A iR 60.8 | 75.0 |100.3|120.6 | 103.0 | 141.5 154.8 | 201.6
y:3 H s 20.5 | 234 | 32.6 | 55.1 | 83.8 176.3 323.3 | 714.0
i £t 201.3 | 287.7 | 390.5 | 561.8 | 744.1 | 1,256.0 | 1,817.7 | 2500.3
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BAR R o B bR
W1 Q-Cells 2 5 8= Motech ~ E-Ton %

5 # RARER o # F i B

BFEE R MEETFF 0 F]P 2005 £A2 L E L 1 g

ﬁFﬁma\Mﬁfﬁ R S R -2 )Y B

P
Th#km R l
4 & & A P T bl ) ERAE
' ! & iR ’ 1A BER
b Hemloch-24%, REC Wafir -20%, a Shup-24 7% #% Schott Solar-5 5%
m REC-20H BeLoyetallon Tt & Q-Cells-9 26% K EP Solr 521%
a  Tdormma 16% Emmig;’* 3 Eyocer 3-22%, & Sutechd 633
i Whiber-16% DA a Swoyo-T 4% & Matech 3474
& MEDMC-113% P Solar 7 5% a Mitabidi-570% || & Shel307%
8 Misubighi-0% '
T Rap Poly-Silicon Vhfer G0FTO¥: Cells 60-70%, hodel 30-90%:
B I0-60F, Dastes 107207 EWA 10-15% Torerter 5% 10%:
B Oitber $0-70%, Chemicals= 5% Class 10- 15%: Tilonmd 5% 105
+ #1509 Cither 5% Frame 10%-15%, Cables< 5%
Cable, Dther <5%,

T £+ Fa £ T4 =+ ¥4 * ¥4 *
L D & * &N % &N F£x % . £+ *
Tk £ Tk Tk Tk Tk
E A5 Eoibe & HHEF FHEEE AeBE§
CRA=75T8%, CRA=R5% CRA=49 5%,

AR ISR TRELEE LS TR AT CRyE Wl sl b md
# # % 1F RIEE200808)

B 3-16 =

Ik 7 i

Todh & A7 5 it
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£3-9 233 B AT ERART

AR B Solar Grade 0 AT AT AE
A Silicon A% (¥F) Ingot/Wafer MW) Solar Cells MW) Solar Module MW)
Mitsubishi Scanerwafer 200 - Scanmodule -
Materials 300 SISJII:;I GCO 3_? Scancell 100 Mitsubishi ::
Kyocera 200 Mltsubl.shl 428 Electric _
Electric Sharp
Shell Solar 55 Sha 142 K -
BP Solar 50 P 59 yooera -
Kyocera Shell Solar
Solec 35 90 -
Shell Solar BP Solar
SolarWorld -- BP Solar 125 Sanyo -
RW;:OISacrhott 60 Sanyo - SolarWorld -
SolarWorld RWE Schott Solar )
e Evergreen Solar 15 RWE Schott 9% Evergreen Solar
L Solar - Photowatt -
At Evergreen Solar 24 GE
Photowatt 30 Isofoton -
GE Suntech Power -
53 -
Isofoton 192 Kanaka 60
Suntech Power First Solar
Kanaka
AR e -
Deutsche Solar 24 A 0
Lo Deutsche Solar
Yingli Solar 200 Yingli Solar 38
Hemlock Yingli Solar
2,700 MEMC 22 20 25
Hemlock 200
MEMC
Ever Q Q-Cells Solon
L Elkem Motech/MEMC Motech 160 Solar-Fabrik
;&;—/;" Tokuyama 2,000 PV Crystalox 320 Ersol 60 Solarwatt
e Wacker 2,400 JFE 500t Sunways Solartron
M Setek 110 Sunpower MSK
R A
FAE 10,600tons 300MW 1,476MW
&3
%A ~ .
; f; 9,338 lgflzgtom(f"r 1,300MW 11145~1,565MW (Si-base) 4613MW(R %% §)
= v F

37 o BT ALEmR
dN AP RMEALENEEL T AREAL  E IR HELE
LW ARG S FRAPN R F RO ARE o B 3-17 T7 5 5 #
*%%?g%%ﬁ»ﬁ’d*‘? BETAFFRBR R PHEEAY
LERAEPFEER L AELH 2005 X HETH HTAE 67.6TMW 5

=3
e
X
I
o0
(]
<
=

-
o
=3
R
+

e PG5 12.6MW 0 72 i S B iR - e g A
BHRR B ALAFEPFRE PN aed AR HR BT E LA
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%

;POIySIIICOﬂ >> Ingot / >> Solar Cell > PVModuIe>> PVSystem>
Wafer
ES S 4 3 % i ; CR2>00% % f ; CR2>90% % # ; CR2>90%
2005 67.7MW sOMW 12.6MW
VAR R °
SR PH [ ] -
E] @) °
FA AN @
Bt R~ AT [
BE~%2 5
KIEXT ¢ [ J [
AEF-p %
W~ wi L
#3934 [
HFABW
FR SR D 1AM~ IEK ~ PIDA~ PV News
B 3-17 S8~ 15 %?éi.ﬁfgﬁé& i
2 3-10 o B R# AFR TR
A 2005, #& 2006 # 2007 & 2008 &
£ B |
Motech (75 i) 60 110 240 300 (e)
E-Ton (£ i) 28 100 200 260 (e)
DelSolar (5% ) 5 50 100 150
GinTech (£ & = 60 90 180
Solartech (& 1) - 30 60 90
Neo Solar (#7p &) - 30 60 60 (e)
Mosel Vitelic (75 # ) - - 30 60 (e)
Top Green Energy (%) - - 30 60 (e)
Big Sun (= FF & & & i) - - 30 90(e)
2 93 380 840 1,250 (e)
B (e): P E; H i MW
FA KR 1R BRTHER w2006 # 12 7 FFIL
THBERARI A A
a. AP i R
(1) #FFRIELAF ZFEEFFRPRE T8 —d wa THET - S
BT A ¥ wiEd pa ;@ B RS ETFFED TN R B ERG A
oo BED B = A X RE BRG] o
() &I B BEH T E AP BB T AR &Y RR
FOLDPTIRG AR A AR R R EE A R T S A e F
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PN G 3 5 RN A R BB RELY S ¥ b ARTHOR e
B2 e > Fihihe JFSRFEFHED o

(3) 57 LFF flemisd Kok AFP PG A EEEE H A RoEmp 82
N RS HD PN RTHGREE E AL o BRI L R

?ﬁﬁﬁ%Hﬂ*é%&ﬁiﬁ—ﬂﬁﬁﬁ%ﬁWé%ﬁﬁ%ii@
FORBORAELTEFE T JERALAIR G T
WMIPFEF B i HBRe 35T - Rhi AR e
(2) ¢ F5ARFLILF —d 0 EIRG A4 F R HF R Y ES
O RF R DB > R RS BT Ll Rl F
c. T R a4
U)d%%#gﬁﬁ@ﬁ&%uuﬁaTﬁﬂ%*fﬂﬁ%ﬁifi$1*$@ﬁﬁi’&ﬁ
ﬁﬁ#%’%rﬁﬁ - B dan T o AL B PR R AR K- g A
L PR o
(2) o 20 o B R RAAR F R AR S RC] o Pl R R R
ot ARG -
d. 2= ki a4
(1) pavd 5 FF KPR AT A a3 Fihe g >3 5
SRR A AP CE AR B it Rk i AT FE S
m%% R L E
e. FHhFHR P
() ¥ sBETLF HNFA - BLXFTREGEEH 2P L 40 Rk
Lo BFR RO % oo
Ry abT 4 247 % FRAeR 3-18 977 » SH B LT A Lo B
B AE AL E ARG o R R 0 A A RB R R RS
R S £ RN N Y R SRR USRS 0 AN S E LAY 3

A N T
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§r i SHCB AT A ERS BRA K
41 S RT AL LA A

*’ﬁ"ﬁ’?b?’@vm Pehh TR FURAP LR EE SR AB AT
SR A FI T A S BT R FAPE LG L F - MAETF
1 o
EY -

i
e

ALFAIFTRORER LA RAEFIRTFL TR
Bl et 4 2525 BgEang g

(1)2004 # > S#awT 3 A f £ 81,200 4 » 4ok 4-1 9757 774 4 4 B A4y
Be( FFpEr g L) 3 83 4 0 BT EH(2004) 5 B &
(2004) ~#74cd (2004) % % K(2002) ;% 4L R(2003)h A 7.0 4 o
(2)2004 # > F ¥ HTHFL S BA T FLES

T

A4 58.8 A rded 42 i
B2 F ®(2001) ~ p A(200L) S AEEL(2001) ~ FT4cH(1999) ~ ¢ B+
F£(2001)

b. Sy il BN E FEHETRTR
X kT A ¥ ehil g L ERETFT-LCD il AR ivsg i 2t
EHLFALT D § 35 2E- o BTFT-LCD eh2zk & § F 5 %= » 7
AL 2 TFT-LCD WARHIAp M Aot & 5 Ap§ cnip$ o m @ 5%
AL ER o AeBl 4D o A MEEM AR AR EIREY Gk
Fo s EYZ oa A LCDRARB R SR B A 2IRE T 0 2004
E iy FE25% -

c. ¥ E 2 A X AKP A~ FLRAPF AR
d % 4-3 5 2005 & 3 & R ATE R > SHBPR R AT EAEI P S AR
FALAERFTS Mo F oY A A S Ag L5 E R
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7000 60
B US )P I TW KR EEEDE B FR 9SG UK
6000 miwm US mi)m JP =Q= TW mfpmm KR =ffff= DE —=—FR —=—SG UK 50
/ \———\——\
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40
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30
3000
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2000
1000 10
0 0

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 i
A% 2 % A4~ # A5 % 2 USTPOZ Information Products Division / TAF Branch it i ® 5 22 Spip[4R 2 2. A 4f ©
TR KR S AEA T e (2005)

Bld4-1 A2 Mpaim T2t aflg 2 2Pt da by F
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% 4-1 1 B WpEITH LA

| & Year 2002 2003 2004

R T A EE RS S TR - P20 EE S EESTE = =R M Y2 i-i-;‘re,#&
T # 1R TR E HAF R ¥ AR |TET AR
Country :d
¢ 3K |ROC 69,887 50,126 7.4 75,111 52,517 7.8 81,209 57,395 8.3
P Australia 73,344 33,494 7.8
v £ 4 Canada 112,624 64,496 7.2 . . . . . .
4 Denmark 25,546 16,860 9.2 24,882 16,726 9.1 26,167 16,520 9.5
£ Finland 38,632 16,412 16.4 41,724 15,472 17.7 41,004 17,278 17.3
pEEY France 186,420 157,298 75 192,790 153,288 7.8
1% F Germany 265,812 214,192 6.8 268,942 203,591 7.0 . . .
27 4 Hungary 14,965 8,738 3.9 15,180 8,131 3.9 14,904 7,922 3.8
TEW Ireland 9,376 4,206 5.3 10,039 4411 5.5 10,910 4,803 5.8
Ell Italy 71,242 92,781 3.0 70,332 91,496 2.9 . . .
p & Japan 646,547 210,753 9.9 675,330 207,084 104 | 677,206 219,005 104
2 iE Korea 141,917 30,353 6:4 151,254 34,960 6.8 | 156,220 37,835 6.9
T Netherlands 38,159 49,264 4.6 37,282 48,704 4.5
R Norway .. . .. 20,989 8,025 9.2
357 Portugal 18,984 5,266 3.8 20,242 5,287 4.0 . . .
LS| PRC 810,525 224,672 1.1 862,108 232,723 1.2 | 926,252 226,365 1.2
B2y Russian Federaf 491,944 494,910 7.5 487,477 485,905 7.4 | 477,647 473,922 7.1
Fricy Singapore 18,120 3,750 9.0 20,024 3,491 9.9 21,359 4,133 10.3
@ F17 Spain 83,318 50,940 4.8 92,523 58,965 5.2 | 100,994 60,938 5.5
fr Sweden . . . 47,836 25,142 11.0
ENE| United States 1,334,628 |.. 9.6

AL kR “ﬁf ¢ Z 3 ®* > &k 5 Main Science and Technology Indicators, 2006/1, OECD -
0 oAZ A 12002 220048 TR 00 d S ERG EFTARE -
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AA2FEKTEL R AT
Hr: 2 /42
R |YEAR| W | Ph | KRR | 2R | ¥R | R | Ahd | 4% YRR
1991 = 26.8 56.9 22 25.7 323 24 40.7 10.3
1992 & 28.9 56.8 22.8 25.7 26.3 15.3 1.9
1993 = 30.5 55.4 254 23.1 36 49.4 15 3.8
1994 = 31.7 54.6 26.1 22.8 . 23.6
1995 = 32.7 534 24.4 26.3 36 31.4 51.5 15.8 13.1
1996 & 34.3 52.9 31.3 31.3 55.8 24.8 4.7
1997 # 37.6 53.5 25.4 35.3
1998 = 40.7 66.5 20 2.8
1999 # 44.6 32.8 34.2 67.1 17.6
2000 # 49.4 47.5 31.3 26.5 34.4 34.5 63 7.4
2001 # 54.1 55.7 31.2 34.3 37.3 65.6 9.5
2002 # 56.8
2003 # 58.3
2004 # 58.8
2005 # 58.7 .
TR KR T T HT Atk REv e
FEBA 3R P AT Z A~ BORF A BT Ao

2R A E LR 2ERTHRER
FEBL AL EHIE
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% 4-32005 F 1 & R rF X ATE
Hi=:5=

BEE e (mt [2m [me [pAc [/R [ 4% [ies | 2% ['R

65,630 59,590 | 54,930 | 43,740 | 41,060 | 38,980 | 32,343 | 27,670 | 27,490 15,676 | 1,740

d B SE 4 BRA TR L ARHN AR TR B A - T
1 A

BAIFRE TR EE A HP xR EPE2007 1 2009 &£ 0 S HA EFBA A

EZORMBEEE I RALY IR Ak E S ST EW - BN
il &ww$‘iﬁ‘ﬁaulﬁamﬁifkggg%%%$$a’ﬁﬁ
REIOFT7F LA I RTM AT BB TROFREL VRS
4 9F BRI G FHE B NICAEFMTFT AL RS AR ERTHF
FA#icE 535800 4 0 oA x 2 IC kAR~ WARL ARFF S XK 1 ARFFE
B%“ FE RES S FS SHAREREAA G - T T o TP N ATE
é#( TIERTAE)E L - Tehd 4 PRk -

e. %%ﬂf@m%aiﬁ+1%wﬁﬁ$’ﬂ' PAT A R
PR g Esp(polysﬂlcon)ﬁ—l- A —f’”‘#j EAGD 8- NI VS U - 1A

N PR %%*w%*ﬁ#gmﬁ S5 B F R
ﬁ’”‘réﬁmp&%%fm’- %% Bk AR E AL AL AR

3T g kg A nwﬂ % o

35000

30000 + o
mm Solarsilicon

25000 1 .
mm Byproducts of Electronics

20000 | .
=+ Demad

15000

10000 -

5000 I 777777

-

. it sannnfifill
PR R R, RN N ONONONONONNNONN
(o] (o] (o] (o] (o] o o o o o o o o o o o
(o] (o] (o] (o] (o] o o o o o o o o o o =
(6] » ~ (o] [{e] o = N w e (6] » ~ (o] (e} o

B4-2cBas*wHEagER
FA4L kiR Solarbuzz ; Karl Hesse, Ewald Schindlbeck, WACKER (2005)
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f. gIATa 4 hip$— 2005 £ > ST F RSP & GDP ¢ £ & 2.52% =%
%ﬁﬂ"’:ﬁ‘z\é‘%ﬁi%ﬁw' 5% #i(SCL) =
oo k1o B(El) £ 11,661 § » £ 2235 11 % o
BERMPOEE I HE 5118 > 2P LRSI NER P AZERE LR
Bl Fo dod 4-4 977 » LA > S AEEFREIFTR S B pEES -
2 4-4 3 BRPESLHEEH R (2005 # )
Ei % R *ie

‘\
‘}> w‘B‘@#&’“é

LR LY I8

- 15,661 & >

dEAR 2.52 15,661 (18) 11,661 (11) 5,118 (4)
L 2.68 (04) 288,714 (1) 113,156 (1) 74,637 (1)
p & 3.13(04) 75,328 (3) 41,767 (3) 30,341 (2)
KR 249 (04) 73,734 (4) 25,307 (4) 9,011(3)
PR 1.23(04) 59,361%(5) 69,911(2) 402 (18)
he g 1.96 41,957 (7) 16,737 (7) 2,894 (7)
i 1.64 (02) 26,170( 10) 7,255 (14) 911 (14)
3 4k 2.64 (03) 19.217(14) 13,677(9) 4428 (5)
Fioe s 2.25(04) 6,040 (29) 4,239 (21) 346 (21)
TR AR AR

FHKR L ¢ EARPAE ARG E T RFEETT2006 = ¢

g o AT 4 RRV R ok 45 97
(1) IMD £ 48 | F3E£ 4 3210

2006 & F FOF MBI RIES 4 L 2ok E 1 Lo SR L 25 18
- T IENEES SN R E ey Lk AEs B
BLARE 2T Lo B A dodthel ($ 4 L) 2P A (F 15 4 ) o0
Brradr (541 L) 08 SRR ( 524 ¢
L) BHEBRSER P A
(2) WEF = £ $££ 4 1 f

2 L m . aA 2
Lo Ady e R MR

2006 & 3 2007 & > S R iRA 4 WO e 2 3
Bl kg B L RIS 60 8 LA E 10 duth s o b 5 5o A
r'/%'“

F) o BARA(F I E) AR (F M4 ) vmEE (% 21F) e
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(3) BERI sk F R 3 1
BB R G®F 27 (BERI)2006 £ 9 ' &> % = S e TR F R
BUGERARL | 0 S 2006 EAOLFIRBEITCE L 2RE 6 Lo B0
ML R P A RS SRR RE 3 L BN AT
MERGBITO B¢ > FERGHER L EHE 3 L RN E D Lot
4‘:& o
(4 EIU ch 57 B3k 1
A KT E (2005 ~ 2009 & ) ?_‘Iﬁ‘“‘ BERELw 10 k=t
Bk g ER ORI AR R EFRCRLEER W
CARNEERBMEL2HF 19 Lo ATWE FESRNITHE F ko
Brte ik p A Y E A T Sanm B A TAY 0 SR
BRld T FAT T -
% 4-52006 #+& f LA & R 7HE x’i—l”bt’#)»?i% &
R L iR ) AL P+ % it Abet | ¥ FAR
FHA 7L 4 1 26 8 17 38 3 18
P EX: S B 1 22 26 15 41 4 27
szg Fofpr 14 33 8 31 47 2 24
(IMD) B i 4 3 1 23 45 7 14
A#HER 1 10 4 2 24 5 20
e 4 14 8 11 21 10 6
S TN SRR 24 23 8 43 34 1 2
(\ﬁg‘:) DS 36 5 9 15 48 7 30
FLgkokE 1 18 9 5 6 16 2
RS A 1 2 4 9 25 11 21
EFERR 11 7 1 3 21 2 6
Lo
i;fi ¥R G 6 9 1 13 26 2 3
1]_.,\'1 L N
(BERI) Foh Gtk 9 10 1 11 23 2 15
b G4 20 6 2 3 8 4 5
;f‘ifﬁ‘ AT EEDRE
) 4 11 9 27 26 3 19
© (2005 ~2009 # )
(EIU)

;1 i

U R G ARE (WEF) T4 5 2006 & ~2007 &4 &t

S H 4L 2006 E L -
1. IMD WORLD COMPETITIVENESS YEARBOOK 2006 -

2. Global Competitiveness Report 2006-2007, WEF
3. Historical Ratings Research Package (HRRP, 4 F 35 b "6 3= & 4+ ), BERL, 2006 & 9 ! -
4. Country Forecast-Global Outlook ( B 33§ |- 23k B ¥ 44 ), EIU,2005 & 9 ¥ -
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d 3t Jj}rtz'/d?ﬂb/},%?r\"'ﬁ" ’ WW}}%’/‘J’ '%"]”é-

% 7
$HE 3 FMBRNF 0 A REREARF AL TERET ) RS E X H

‘—\w

BRAFTRAEEANRLBEEF] A F 6 SHBETAENLHFEE -
PRI FRAF TR 2005 #2007 L B 24895 L27 FHA
(MWp) » it — & & £ 45% > 2006 # B 5 2,500MWp » = £ 5 40% > 3¢ 5 A
FESE GG E 0% TG 2010 £ 27k A £ HAZE 5,000 (MWD) © 3¢
ERF R R LR FRRFSAR YRR ) p A2 F R 2004 £ =
BRFIIAB T2 2R 2303 359 79% 27 > K (3948%) &2 p &
(29.8%) &3 ikF 70%2 3 FF Fo e? HTRIEF 25 > pAgRET
11 3025% A £ o BV HE 40 2002 & BT (72.88%>5.88%) 0
NERHS A AT 2T REAMSY A 5 2003 E H R LB AT T R R
WA E 02004 & {2 122.73% tgE e

£ 3] B 2 BB MRS T A § 2005 & 2 £ % 45% 0 A&

£ #3f 1,728MWp - rwzgﬁ,’&t SHEET AL FPpwEAHRS W
£y

ZARRMFO AR IBRA 2 AT 2L 32 P AB TR0 2k X
Lé_fé_f’fi‘ B ARELZ. 0 1990 & P HE4 0 FRR 2L ARES A

B EBALD AR E D 2004 Ep A RIREIB AT F G T A2 AR
FREHFF 11.63%2L W FikG 50 5y RRFFFE 223 X7 bt i) o B
FARFHTND FAE FREREL25%2 LRGPP AAREP A1
i rTREL T RR RO H ’i”ﬁ%éiiﬁ%@’ﬂiméitﬁﬂW°

RE AP

=
g

W FFLT s R~ S P R E B 2 T SRR A
FENRPPZIERET NP B ERRIFE RELE AP B
T b FE 5% HP LT ALFE 1,071.68 F AT 5 0 2004 & Oy o
FRABMEAECABE VP RA B P A GAET R BB T RN
£z 89.06% @ A Ziv WFo RIMP A FREAES L LR B
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G0 7T T £ ERET 20 97.51% © g 2003 2 2004 E RPN < fE R AR
B2 2004 EARD AR FELZET EXEFEREFINC EAL

mAFNT I ARET RE o FRFAESL 0 ek 4-6 7T o

F4-6 BN SRS R

1999 # | 2000 & | 2001 & | 2002 # | 2003 & | 2004 & | 2005
4 AE (FFATEH) 299 324 396 600 1,200 | 2,800 | 5,600
428 (MW) 2.9 32 5 10 26 38.14 | 111.62
v (FHAT L) 26 24 32 70 33 71 257
Mo (FAAT SN 43 34 136 366 894 | 2,579 | 5298
P DAk 2005 # 17 0 o R B E B B % B R s TI50 fe NTS0.17/watt. 42 & o
FH kR ¢ 1A IEKAITIS 3+ % (2005/08)

. M ELEAE

S A IHE T A LanE E o 4B 4-3 P17 o Gl i & P enpolysilicon
RALF BB R o R G R R Pl B AR F IR
IR PEZ 2 DFIRB T - BRE S ETED E 7 2T

o) o #h gk R E X PR e

i i sl ;
Polysilicon Ingot Solar PV PV
System
AEBH %1k 5 CR2>90% % i ; CR2>90% % & ; CR2>90%
20054 & 67.7MW 80MW 12.6MW
VAP o
B ® )
i /@ [
Fd R @,
FLi kT AT [ ]
k55
AELT Y R o [ ]
TEP &
2.
FEE 3 ®
LI € ]
it FH &R 1 ABRARS S IEK ~ PIDA ~ PV News

B4-3 0msBETELRE A

SRR o FANAPRE E el R L A

LAEHER B G 0 2L Lt A8
B4 @A AT 4 o G M ek 30T L AR E PR R 2 A dof)

-52-



44 507 o Glho s PR AP —w R D A AHEALE B S A el 4
Ao MATA R E R A ERP e AR AL TS TR B kT AL . 5

¢

FF R LR R RN AR B VSRR AR s
AL LT BB THLEY P ALHRFAS 2T RE S F
fd FRER e s —FRT RS OPERAR ROPEAFE S5 PF1E
T T ANREAKAT AL ES  LEIFAREALAT

f; = [l
' K L8 4 i e

China
o i ® vy it 8 i
5 4,
ALY Lt —a ®BriusrnE
CENLY bt
DR B N R T e ]
SL RN
Tk

.""'_. i o
AR @ oAl R

SRS W E
R, SEBB AW
&4 1k SN EER S T
fo b
SREEEETES

Bla-4 BLER S BAG 7 2B
o

FHRER: T14FALHEEDEZ {u TR OMEARE P FEATLTR2004 E o

AL ERHER A BE SHFLNTAEAE R EF R LS
B oo “,f TR S TG Ao BAPM A ¥ B 32 ek jF 22 % (spillover effect)
o Sl PR B2 AR AL NA A A hhipd ARG Y E

& et 4o

a. o #Pet BR oG R 22005 AR A FAAME AR
ELEHM T CF N CHERNEZ S B 2D EFARE S 0 AE R
- o

b. *w;;;‘%*i HAE A £ ¢ (TSIA)2005 3 & 53t » 2005 # 2K IC 4,
WMAFAE( 73R~/ ~#HE B ) 5 1L179 &AT5 % 0 22004

E1.7% 8¢ %% 3 ® 5 2,850 BAT SN #2004 £ 2 E 9.3% ;

Wi ¥ L 5,874 AT o K #2004 & 59% ; #E%F 5 1,780 RAT S
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BOCRF + hF ) 422004 E L 13.7% BIEE L 675 RATS R
2004 & & E 17.0% e

c.2005 & > SHEFIA L ¥E B kDR 67.4% 87T st E s ¥ =5
HH- 5 ICHRIFEAEEIIF215% EE R %= - %P DI 25%
- < TFT-LCD # A W o 2% PC A S A B b 23S = o

d. - % CD-R 3% ~CD-RW %7 * DVDR %7 % «DVDRW %7 &
SFENASNERAREIHHS50% > ¢ s CD-RW %72 -DVDR kg
FPAEBREIAE AT T1% -

. 2005 & > SR L AHE - A S dESHF AT IC $5E ~ IC B -
Mask ROM ~ CD-R £ # 5 ~ CD-RW %4 % - DVDR %8 % « DVDRW
LR g E T R4 5 ABS 2 PTAS 33 & 233 = 4 e 5 A
ZaA A ) X 3458 o

f SR RBRAY B2y 12 %24 @483 4,000 &3 4,500
%oé%l&%&%iﬁ%ﬁ%v%l%ﬁ&%iﬁ$gk’ﬁ$£$ﬁ
WA 2 Y e & AR o

g e AMMEF AEFEETIIARN: 438 RE A AL KoL
H#RFFAI P VEIHAL2 B4 &8 55 & 2005 # > ABS -~ PTA
AEBALIHS - -TPEEXRS - = PUL SR B 2T ==

4. £ F Ko ~ BlEa s

a. APHEIP SRR E S RIFEBLE FE RG> A FEMER BN RE
LHEd o R AFOLEN T e B

2 LED $4ph 2 £t & > AEF ot jApg W g

b, SR R RE R B S RO AR AR 0 Tt ARTHFT
BHREFIRIEAR i 4T 7 i RAELE BT RPENAF &
BB FL AR A AN AR A AP Rk G AR B i
FAFELL PR A R 48T E 2B ABERPF LT ERE R
T et i o

PI3RBB £ 4 1 ek » 74

ﬂ\—k

£4-7 PTRAR AT 0P % flER mt
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Company name quantities Claim

process material equipment module others
REC silicon 1 1 X X 1 X
REC wafer 0 X X X X
REC cell 0 X X X X X
SUMCO--Mitsubishi 0 X X X X X
Sumitomo Silicon
MSK--MSK corporation 0 X X X X X
Ersol Solar Energy 0 X X X X X
Tokuyama 1 1 X X X X
Wacker Polysilicon 0 X X X X X
Sino-American Silicon 0 X X X X X
products
Wafer Works 0 X X X X X
M. SETEK 0 X X X X X
Sharp 142 47 42 25 33 21
Kyocera 22 3 3 X 9 10
Sanyo Electric 152 54 46 1 113 15
Solarworld AG 2 2 1 X 1 X
BP Solar 6 5 5 X 3 X
Evergreen Solar 19 15 8 9 X X
Q-cells AG 0 X X X X X
Sunways AG 0 X X X X X
Sunpower Co. 11 9 3 X 3 2
Suntech 0 X X X X X
Motech 0 X X X X X
E-Ton Solar Tech. 0 X X X X X
Solon AG 0 X X X X X
Solar-fabrik AG 0 X X X X X
Solartron Public 0 X X X X X
Centrosolar AG 0 X X X X X
# 4-82006 # 1 & solarcell 2 & fu 7 $£ibvh 1%
Q-Cells | Suntech | Motech | Solarworld | E-Ton | Kyocera | Sharp

o8 BB R (um) 210 220 240~200 210 240~180 180 165

#3525 (%) 15.3 15.5 16.3 15~17 >18 17 16

Wafer size(inch) 6 6 6 6 6 6 6

FiRsd PR AgEd E 3 A56090 6 WARHEGE 17% 0 4 4 =
ROETIGd HREE ARG TS T A AT Ak
ERCTEATA MBI D o 2GR RGBT - 2GR TR
So AR EET MG GRKE L AR G Cell @I AR o blde
LA SramEEE S Cell B & > 51997 £ LA “TA NS BT e Cell
5% 6 5 380pm o @ F) T 2004 i © 0 E] 200pm %+ 0 2005 e #-
Cell énB B> 5] 180um » f7 A ek § % 8 %2 % i 100pum « 4ot % & £
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47 5 2006 1R xBTS 2 AR HiIRE Bk A Eok AL PR M
g > F TR AR R A P\?-ﬁ;%lkl;é CArf T I R T R
*vﬁﬂﬁW#i’i@@—ﬁﬂ?&%f B T
oo TIITE R o IR IR B R Y o BEE L X AR AT Y Feoho 1995
B ek R Rtk i R R AP 2010 £ o ¥ B RECE B R
w14 & 3 keh Cell #cB #-¢ £.1997 & ehd B2 5 o

BRLE IR A fgE LT

b 2IRPP A 'ﬁ’i’%“gv} TP EIE Ao texture F B NEB RE B K
THHEF > - a2 o D %Pk T REBEFRTERE LS AR 7%
Sunpower 2?%%’r1 BEROT AR A7 E 20% 0 BB WERT
R 16% > R eFE kT Pl * surface texture By { 4 s Bk w K-
e BT 18% M b o M 3 B T v iE 20% o

AR ELSIGRF LG EMDE AN B E o ¢ DR

SREFREFDE R o bAe? EH PR ARG 55k p p A Sharp 2 P eh
Fofldel > 2 A BEE T L Shap 27 o FR A RH L LS LS
e e o A B R E S B L50% s < i 25% P A D 15% 5 A
B EY 10% . s R LA B T S (T ek 4
1o B HA R F R g i E S o

5. Fhy

- B EPEAFRY BFEd > T A S B8R RIS X

Ao WP T —
a.ﬁ&ﬁ%ﬁ%Eéiﬁﬁiﬁﬁ%miﬂ’%Ww%ﬁo
b. FAWHIER A AP S F BTN A E T A S R
&%Q%éﬁpﬁ’%ﬁﬂpﬂ‘wﬁﬁg
C. RAEFREHE A4 > T REPEEY Thitdkg

o

g & AR e FFM A

MEEAFE AV S RN AR °
A XL 4 g ’“,fé_?'ﬁ%ifﬁ? TR AT o P pFa %Q?}ii}if{%ﬂf fe & o
R AFAMIC K A2 ERERY  BEHAFOI AR AE A28

ﬁﬁﬁiﬁﬁ’ﬁﬁﬁﬁb*mﬁﬁﬂﬂi’»faﬁﬁmﬁ FaF S d L
vodm ARPPHICR AR LG TAHES
L RERRTREE AR bk o
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(1)

)
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)

BRARTEREIAESIEE D CRERTFRDRF > RALA
FrAe L gaey o FAE SRS fEE A AR oy
AV R A e AT P AR RIFUR E R AL 3%
HEL258# -

BB F I TRIATE B o 22 g R R IR mfg
TRse b2y #F B  fad TERBF AL o
TR LN E A AT ﬁ,_-;c;wd_r e N f’ﬁ”
EEFFLIATZ R GE A A P
FERF T U BRERE YR AEREFEL . AR R
MY FEAEFEERY O FEERE2FAFEEYE Y
EHSRTEE P CFFRF A AFAFR O BBYRT
THGEA ~F S FZBOI B LT R EREMTFRENA o A

H

VEAMRFALERLDY  TRUEAHA LT £ PP R
B3 F A B B2 4006 AL R g HER A 2 K AT B D)1

30%5 1L
AERATA SR FRE P ART LA BE L BBATA
SR ERPELATEAE R RS P 1 ERYE AT
SR LAY L > SHF 62 FREAAEFPLBLL
T A T T I I Y

+34 (Small Business Innovation Research )  : g/
& FAvsp HIATHITS A ST o kIR M o AR

MR f B A EHTEE ) TR AR o B R RPN

Pl R ERRTFEE S e DY ) SR A ERLS > kG TR

LT ARG RGIER R HR Y o RA R
Fifﬂv ~ X mt"’"j S HpEsiE & :;)L;_H;: 7 :gﬁ,fig , i&;ﬁugl,q—_%d, %42

EE AT Lo

B FEpA B R CHNEFRF AL ol e

AR ILH ~ PEE R P AT

-57-

R R AR RE D



MRZR T o SRR L LR A A P AR S0% 5 e
6) AFFELRE ¢ AT LT E 559w LELET
PREAEY W EEAREFIEERARY Y BIELFAE
A B A s BB A Bl B2 BRI & & ST Epe
b (P g AUHEE) 2 -T BRI FERFERER P AL
n

MW E AT X LATEN - F

1

[=%)

g
. 3 2 ERMILEZOGE TN EARFGFEEEH o
iv. PHRAEEFTH B2 A aHET o

vo JIr P T oA ARk o MR AL (A £ MR L

AT AEABATE e %

BT PR AR R B LFT
fALt{EI4 e Ez ¢ FRIm 3198 ¢ k5 i 3,179 &
ST P 136 12 0 MR E 5 B (292 R F e 2 66 ARG xR
XEZFES5T9RE -
bHLTSEL 7R e HARR SR THT i F BT
R %% T 3B

Bk B EL T o3 % 95829 A g g kg d 8 REERNT ¥ i

"F‘

iﬁwﬂ&rﬁﬁ‘—ﬂédl (2 w) BLERLS1AER 2 o8 BCRy
FECRPA B (P SR TBRS) RHRFF ) e P
97 & RiEE =& o
CUBME ¥ BB A — 55 BB YL KD LA
94 E R ¥ERE 40 2 163.48kWp; 95 # R %k B 27 ¢ 139kWp o
d%iéééﬁ%%ﬁ%%*?3&%%—%&%%&,” TER - N PN
= Bk R 2 4t - Y o 31 4 (BIPV-Building Integrated Photovoltaic)
WRAZEFIRE L HERREKE S HBK
% B IR IEE 250kWp~500kWp °
(R A B RS RO S
ASBERTFH B2 1A ATEL MR 3 54 R 2 11,12 5B e
THBET ARBEIR W2 AFASE S RA P RETERFE 0
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2o BETRS P Il Rz AR PERE R AAREFE S
440kWp -

eR 2R RRKAFAFHEIEE T XA RFL L RRE AR L H R
B e

LA E & 2 R B W ¥ 2 $pRas £ 30 e By

20 BHATAE BB OE W e

3R ARG EE P R
fABETAEBEE LR EA T - F FEAAMBHES LR TR
RPN AHBETAEL 5 RAFP XABRTHMRE L F 5 o 2 232003

ﬁ9”’my§ A ZRFHRESF BRI SHBRE s e kAT
FPERE B R AR 2 ARG CRJR - FIRREERFEEE L

*HET B IRE S Fok & Bl o
ELIFRp LR FHIMTEAP 7 g — S B ETap Vi a3
fteig Bt g o FEEAT 2009 F ¥ 2 Fmw 500 #EE A F 0 4K %2007
£ 3 2009 &£ F & F %5 g 55 3,000 0
h TRF B %FE M Apf S HBTE
R R R A E M A g Sy QURENR B B AT S AT AR & 0 JR
dAWSEURBE AR L EES AW EE R DR & Y Wi
BRBOP R ABIAER) A AR PSR T A ISR 24 mA/M
#2010 Em xS FARFE f S F TP HRAL MHE S ABER G o
TR R AT H
IRZE NS A R R Ak hea LIS A L
FERM AR R B ERE L A AR T HA EWE o A HMeERTE
B L LT RS S AR o
R AB AT RGBSR T A AT R I RS E
AR B R TR IEC 61215 4 1 iR 3 jie o
Bz B ETHERPRET RE
C.2 4 B TUV 2 # RIS B H AR S & 17 B (9 5% 4 b 1359 % % (CBTL,
Certification Body Testing Laboratory) 3 &

D2 = B + B4 T e R 7R 82 % isdl o
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kiz> AT B RER ALK E NS
AnBBEEVERLBFEBRAT >S5 BAZAR Lk 4w
Bii & 2358 BT 4 kA mHe

CAFLRT2PHEPVHIF— APV LA EAT2Z F3HEE PV &
AR A HRZRRTS RLETREE AL 2N E R 2T R
#x o

LR AHBET 4 A%
AFFEMEREPV A AXE ¢ #45 PECVD ~ #icp M ek 4 > i h B 23
FAEERPBEAFASRFELEREPREY -
BAes BN £ H 3= ¢ 5 PVAAXG RN 1o fpphdath ~ REis
PRRERF LB PE P RFEFFEN > NAER I RER
Ty stEE 2 2 PilotLine * ¢ & 78 A1 - %o

— 3T o 0.6 /2 #

5
AFESATME =T ROGO R A ~ il 1 55 ~ ¢ R) 0 > Hje
%‘%ﬁ@ﬁ‘%“ﬁ%°

%2006 1 2010 # k3 WL AFRIT SR 364 A e F EIF 70
B SR RTIEYAE RIS 2005 £ 70 B 3 2010 £ 608 &

U:J
=
I

< 52015 # 2,130 = o
A EPEAART BV SR BR

AR AR 2 92 £ 10 0 TRstp A A R HEY S R RE P
BT ea g R FEA A RVIEA T e idad o B AR f
A¥EPHEAA B ETREFIALANT OBREL A LEAER 5 FADEHEL A
MR EA RN L B PR T TRl 2008 B R B £
Bt d 2 PR SRR r AR HR RIS R OE o PR E A BT
B UFE BRI B AART BV R AR KT RPN
BALEA G RS PRI G GHEE AR L ERT R E TR B
E*W”FT;¥i€é?ﬂ¥Wﬁ‘%@??ﬁ¥@’+mﬂﬂmbr%
2005—F R R LWIE 55 RPAFSEPRE 5T B PHLBER A
FAAR A AU TG 0¥ /Eﬂ%ﬁ-ffﬁiﬁﬁ%?iﬁ% FE b E A S
TR EF AR RN R A R o b4 R
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sl FALARRBRETES C LBMEELRAR
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4RI EY Sk R P TR ri{gﬁﬁfr_rg‘&&‘ii‘;??‘"i ’

PHEERLRPRFLE BT A o

HBRE i A 4 snld TRl £ ¢ 2 SAGRE §

b. s 4 gL ] 2 ?%*’é%%¥Wﬁiﬁ“ﬁi°

C. MGANL Eh FL TP 2008 —RFSF ELRFE k2 AP A LR
BB R T EBR A BV E RS R D A E R
ARt g AGF B A EPITES 7 I8AB YA L S
H R AL S AT IS e A R ALY B e 3R
4 FgAT o Y g Aol T FEAHGE 2 F% 2 % | FHFHHE
BEEAEAARYEE EFANA B GRS B R
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MEP L ES % BEFRATE L EHNA A R o AR
FRVEZAFHWEL VR LBNE O T B Y
W2 AFEENFF XK 2 KM SEFH IR B EE
PIRE S R B kR R RS o Rk R AR 4 A
BHEAAL B LORG c 2FHARFEII ARG T b L
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NEALEPHA P ETRR > SELEWE R k) FERER

BIAPM R AL  UEH LN AEPHE AR IR ¥V St
BIN fL A 3 AT
B A AR TR AL AR L RS K g ¥
GEFRRRNAEFEMLEIE S S R e R

Eﬁ—l Ao :‘.*',;‘,;‘b—él_o

SO

> ¥ f’\r\;—-ﬂFF'&P\ T”"Hl’riﬁﬁzgf Hﬁ_%?lz-ﬁil'{i

6. #¢
DIRSBH T A F RN E
RPIE o RIRE R EFE N 1338V T R 43 E X ARG EFE
HU6-v 23 2= > 7 i 62 & BRERE G 9,842 w0 ¥ &+ 230 &
ABRERE 395 T 6 64 & o L d AT BALN R COy T i A IR
B el Flo P kIR TSR R 200 F X 02C > F Pt EF LR R
ﬁﬁ@w,ﬁﬁ%4ﬁ4éﬁ4gkﬁ%&ﬁﬁﬂ%&o‘*%@L %2005
E2F EEA 0 M CO R PR F R M E P X3 F A 2006 &

80 21 PN B WE F XA B2 2(SBl) > SBI #-£f (2007)& 1 42
I3 A 2 (% o 4o W P fri-r 29 g F AERIRE b A K 10 £ PR E 3,000MWp
AR ET A M TP - S d R WA 2007 £ 0 4 p ot

GRFESHIFEEIES R F SR IR CENF LD S
2020 & R ECH B R T W R 209 KA R AR o ok
LTI EERBEYRAF RS B ae FE TR ARG S

E & 2010 Ew Ay A= LA EEFLRREYTIRP o F] &
K2IREFE 2 RG RREER S FFH T 2030 £ B ERTRAL 2R B
FERE o XPFHE2TRPRBES EBFY » 2B LTS HAE 2006 &

7 40%= & 50 2 N 2,500MWp - & i%i’ﬁm@mn%AKﬁ%vmﬁ
T 25%2. 2 EER B RARE D A EHFIEE LI ER RSB > (Uw
MELRE AR P ARG ARBNR  RED AR TILT s S
FIA RS B 2 0o FolB bz o B 4-5 2 4-6 A M @I A Y EPF AR
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]

42.83%

43.85%

ST

29.94%

23.02%

Y

3547

30.02%0.02%:50.

S A

E—EER (W)

ESmEF (2

EEPRE ¢ PY Mews TRk IEKCITIS 5#& (200508)

1 BO0%

54
1 =20%:

}.31%

1 40%

1 30%

1 20%

1 10%

Bl 4-5 1998-2010 # & i =R » 34 & RAC
3210“6’ 30%p. 8t 4 25%p.8.—> GT"QU
2010 (Forecast) 3000 - 120
e N 2500 - 100
EU 1.000 2000 - 80
us 500
ROW 500 1000 ~ 40
E 3.700 500 L 20
[J_IL_I= I o
2002 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
B c-Si 430 | 950 | 3340 b c-Sj
O thin film 20 50 290 O thin film
H "New Concepts” 70 B "New Concepts"
M c-Si 9 24 56 114
O thin film 2 36 133
H "New Concepis"” 1 3 20 133

B 4-6 2383 2030 & 2~ R s X XL R
F# %k : Winfried Hoffmann, Towards an Effective European Industrial Policy for
PV Solar Electricity, EPIA June 2004 +# , Paris France, 19th EPVS

REITHE BT R B T AFHFERHA A 47 B RN P4
SACHBRTAESR P A RiF- SWOT A 3P 40T » & f Biri 49 2

4-10 #57 o
A A

Lod 24287 o#% 35T A AP
2.FM Xz TFT-LCD $ A £ 4 B 2% - 2 5 - &
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4 (Strengths)

% % (Weaknesses)

SR ERT A AR
Fit s 2 Az TFT-LCD
mxn;,‘ 4 ,&%‘L
Fho AApEE P
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PEFF A
ﬁﬁ%%ﬁﬁgg’

PR B P 5L B R AR
dBodp $H 8 S5 4 R HR B (R FEE g
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o T Bk T AT BT e B
bR 3‘_ it ,}57;2 Tt WA B RS -
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e AR AL

# € (Opportunities)

= % (Threats)

MR RIRR R E TR S
EHE GRS 0 IR AR
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ERATF R
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% 4-10 p A2 LR~ HE LT A F SWOT £ 47

%% (Strengths) % %t (Weaknesses)
FOE AEROPER L HFRAT | ¥H2 A3 AHRE
AR TS TN B FF R AR o R R 4 )

FOR B PR A
bR Tk Egan
B o B A HER

BE DL IR F3

H i B B R AR L

# ¢ (Opportunities) = % (Threats)

ML RA R GR KR TR ST H | R AT BT G B p 6 e
BaE G R ¥ fa

AREDFERES GRS AL | REF SRPE RS AR R A

£ BRE Bz ko e R ek s

B2 & SWOT ~ 471 » 5 uzr,%mw EHAEEAr AR LB

Foxt g RAhA R 2 BRFSFE 2 d Nemet(2005) 5% 0 4
% 4-11 #5775 » = Bk § chs K8 1K m«?;ﬁﬁzr & F]5 ¢ B4 plant size ~ efficiency ~
wafer size ~ yield ¥ $1¢ 7% i % & U RIGEF LR - @ ol FlR R F Y ok

S AR ALY EMSFIRa 2 TERLCD 2 %4 B8 avELE A#H > 7

1}“#1}1;\')"&,)(,,?));\@ F%%imﬁiJOJLm’& R #y e 4

@ ¥ é,# TR R SHE T R EATERN e AT E M A By

LU AN Sl m?ﬁ%—g){ | & FRAF &S ABHEL R 1 PP Jag S oo
% 4- 11 Factors Influencing the PV costs

Factor Cost Impact Drivers of change n each Factor

Plant size 43% Demand-led, rapid expansion w. no experience

Efficiency 30% R&D, but 1bd for lab — market

Sillicon cost 12% Spillover benefit from IT industry

Wafer size 3% Strong 1bd

Si use 3% Lbd, spillover for wire-saws

Yield 2% Strong 1bd

Poly share 2% New process, 1bd possible

Other factors 2% Unknown

*1bd-learning-by-doing
ALK R ¢ Nemet(2005)
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R AP T AT e EN P R E L 1 B Q-Cells ~ 2y o
72 £-% & L&A a4 B SolarWorld = @ ~ p & éh Kyocera = 7 17— 2 B Lk 4532
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B & x> Operating margin(%)

2002 2003 2004 2005 2006
1 ® | Ersol Solar Energy 3.0 -7.0 8.9 14.7 17.5*
= | REC -22.7 -0.3 24.5 36.3
£ B | Wacker Chemical 18.0 24.7 27.3
p & | Tokuyama 8.6 10.5 13.7 20.1 28.3*
p & | SUMCO 4.4 16.3 20.1 25.8*
- A | Sino-American Silicon 8.2 9.1 10.4 19.2*
- A& | Waferwork -2.8 10.8 12.3 7.6 14.2*
p & | Sharp 14 10.3 10.6
p & | Kyocera 3.3 14.3 194
p & | Sanyo Electric loss loss loss
% ® | Solarworld 2.0 -2.3 16.8 22.9 31.2*
#w® | Evergreen -205.7 | -163.2 -80.3 -446 | -33.3*
% ® | BPSolar 8.2 1.1 12.9 13.1
# @ _| Suntech Power Holdings D ¢ | 54 | 236 | 189 | 155
wH® | Q-cells 5.2 19.9 15.2 21.1 23.7*
£ ® | Sunpower -82.5 -307.1 | -227.1 | -16.5 8.1
= /A | Motech 16.5 17.9 21.0 27.5 25.9*
oA | E-Ton -231.1 19.7 23.8 24.0*
# B | Conergy 1.0 7.0 9.0
# B | Solon -10.0 -2.0 4.1 7.2 7.1*
% ® | Solar-Fabrik -21.1 15.1 11.7 -0.2 5.3*
% B | Solartron Public 2.0 4.0 14.0 12.0

FAL KR T & 2 P p43% ~ Goldman Sachs » 77 3 £ I2 ; Tokuyama:4-12 7 ; #7ki1 #2138 * —Silicon + advanced materials : *: % = &
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5-1 751 (Motech) = # 3 B K& 4 47
B 2P 2000 #HEr 2HBXTEE PEI "IN 4 AR A

v '

wEd & Fd I8MWp 3 5] 1I20MWp o B 5 23k % 4~ ens B R i o

B2006 & { AR IIOMWp § 2 2 238 % = F o8R0 % F L R HAL KT &
Fa T FEDLEFR F LAY B R RR o R AR
2P P HROENEES IS > B 51T LSS P R v el E

— B AR ALRERR
B LM
K h R
— " A ik I A

‘_E: FinE SR
g
B L it 2 i 4 ISMW
< B2 & (2003)# & 3| 120MW(2006)
A
7 -
5 L) f’f’f # B 48 % /14%(2002)
R 7% 4 1 ~17%(2006)

e B EA T L AR E R R

4 280 1 m(2005)%

oL U
e S A 240200 1 m(2006)

T 4 47(2001)4% B 3
#»’i,rs K% 6°(2005)

Bl 5-1 /5 o 7 54 {
9;&{?"‘7}—1:;\ E3F ~ 17 [EK

AR B RSN &
FEFRPRE S S it IRTAZRAFTHLLME T Fu o
73 2005 # B AL PEIRE 0 AL B RO B B S Azder ~ B 38 2006
ERLIE B R o B R LS d 2004 #F 12 g 5 Deutsch Solar 2 Scan Wafer &
&R 02005 E R R L EER RITREE D o R EROY T

>

RS G U S Sl fEA 1 SRR C R 3 T U I = g

Fi 2 PR E R NA WK e A 52 907 0 3 2007 £ & A A A
160~200MWp  ffs23 % d Rt 4% 1 17% - TR < B Frckan
T ABARRT R AAABEABOFTIRY ASRARE AT R E -
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RN TR ERE S ERE £ 158 HY-
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St BT A 2003 | 2004 | 2005 | *3=E
Ersol Solar Energy -7 8.9 14.7 55
%1' REC -22.7 -0.3 24.5 0.5
£ SUMCO 4.4 16.3 20.1 13.6
% Sharp 14 10.3 10.6 7.4
i Kyocera 33 | 143 | 194 | 123
fa Solarworld -2.3 16.8 22.9 12.5
BP Solar 11.1 12.9 13.1 12.4
Suntech Power Holdings 5.4 23.6 18.9 16.0
" Q-cells 19.9 15.2 21.1 18.7
MEE 2 Motech 179 | 21 | 275 | 221
f\' 1 fies E-Ton* 2311 | 19.7 | 238 | 218
1| & Conergy 1 7 9 5.7
w| *F Solon 2| 41 | 72 3.1
e Solar-Fabrik 151 | 1.7 | -02 | 89
i) Solartron-Public 4 14 12 10.0
% 12003 & 2 F A7 2R A~ FRE
2 5-9F EQIBSF LB A4 R
TiaE G T TioE £ BT
S A £ L FE ¥ t-value
YEQRS 11.4 10.0 R 12.9 -0.825
T 20.9 -5.163%%*
He 6.9 1.304

*p<0.1 ; **P<0.05 ; ***p<0.01
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Solarworld AG Wafer Cell Module Group
2003 | Total sales(€EM) 78 17 34 98
Operating margin(%) 5.1 5.9 0 -2.0
2004 | Total sales(€EM) 111 63 79 200
Operating margin(%) 12.6 17.5 5.1 17.0
2005 | Total sales(€EM) 166 62 110 356
Operating margin(%) 31.9 14.5 6.4 25.3
2006 | Total sales(EM) 195 117 136 327
Q1~Q3 | Operating margin(%) 30.8 16.2 5.9 31.2
Ersol AG Silicon Wafer Cell Group
2004 | Total sales(€EM) 24.0 37.6
Operating margin(%) 15.2 8.9
2005 | Total sales(€EM) 6.348 45.651 64.385
Operating margin(%) 9.0 18.1 14.7
2006 | Total sales(€EM) 13.610 34.461 75.259 96.049
Q1~Q3 | Operating margin(%) 32.4 20.3 10.2 17.5
REC group Silicon Wafer | Cells+Modules Group
2003 | Total sales(M NOK) 193 618 21 7 713
Operating margin(%) -5.2 -49 |-123.8| -100 -22.7
2004 | Total sales(M NOK) 534 884 144 129 1418
Operating margin(%) 4.7 7.7 -5.6 -13.2 -0.3
2005 | Total sales(M NOK) 1018 1597 404 3019
Operating margin(%) 40.6 26.1 21.0 24.5
2006 | Total sales(M NOK) 2127 2456 874 5457
Operating margin(%) 50.0 33.6 22.2 36.3
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