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To, €8, AE, SHor ot o] ofAlob Aol ‘13~7 15l AAl B FFAIEe]
50%E A+rstal ot

o HFHAAY FE(EIPA, ‘13) : 22.7GW('11), 16.6GW(‘12), 11.0GW(13)

40,000 38,352

35,000
30,133 30,011

30,000

25,000
2 20,000
=

17,151

15,000

10,000

6661 1340
>0 1,389 1,547 4328
2903 324 454 See LosE L *
o e m m m N

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

W Europe W APAC M Americas mChina m MEA RoW

& : “Global market outlook for photovoltaic 2014-2018” EPIA, www.epia.org
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AA EEd A AR 20129 ol FRElE AW 1520% FEO HARES
Hola glom, 17 1-34Y F&3] HAZAE AT Zo= q3dn. AZ A
ZIZEZ Zolrt donyt AP HEyE gIAH 2014dd = 50GW, 2018dd=
T0GW Alth7t €48 Aoz AgdAn. 20133 A AAe FHAX LS 139GW ol
ol AoR AWAT[IY 1-4]
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&2 . “Global market outlook for photovoltaic 2014-2018” EPIA, www.epia.org
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Ha Joh[ad 1-5]

A, A Ay IS EH FF4e T8 AAdAAS AW RA, dHAY B AR
S(FIT, Feed-In-Tariff)7} A F4AFH, vl @ & 3 €7 7152 A
=9 HFFAES SA-ALr] A% AR AZZA APl A o TG A
(RPS, Renewable Portfolio Standards)E j &l St
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Zx] : “Global market outlook for photovoltaic 2014-2018” EPIA, www.epia.org
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12¢d
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) 2 a3 d FIT (Feed-in tariff: AR LA2)E 29
33 o AR, AdAQl FA L 52GWel E=g3E 2017-2018\d0) HAE A
o2 AWEHM, o] A HUFLAH HEF F422 Ad AZFEE F4E JAoR
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® 1-3. ¢ FIT 7|& 7149Hst

AR A7) 10kwW # 5k &3 10MW w2k 93
2009 7€ 43.01F+ 2 E/KWh 31.94F-Z M E/KWh
2014 1€ 13.68+ 241 E/kWh 947 2A E/kWh

Z2 : PV magazin, 2014
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o LCOE : Levelized Cost of Electricity, %% +53}0] &

EUR/KWh

1.60 4

1.40 4

1.20

1.00 -

0.80 4

0.60

0.40 A

0.20

DOO T 7T T T T T T T T T T T T T T T T T T T T 1
N N O MO < & 0 W O O~ @©QOOOO OO O O «~— v~ N N W
O 0O 00000000 0000 C O «— — «— ™ « — M
=i« e e ilele el e lNeilec e Nellcleilcle e le s Ne e B
N*:N?Nvmvmvwvmq-mvw?m‘rmvg

= Cerman retail electricity price | COE from a residential solar system

=4 B Ysd, FEd29, 2013

- 10 —

o =

A v Ay FEEAZT L2FAHNA, FPE dEAA] A 4%
St Ao o]#F PAL EAAM A FTAB0%), RPS (Renewable Portfolio Standard)
(07N ol F7F AAD, EANAFAE &&stnA ste 3§71HH FAVIEY] F
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F7H30%) Hdl NS At Aoy cfEEuy, wAA, bt FHAE 5 o
I FAAME BFF Aol FuE ot & 1-4E "= F8 FHRE HS
BEd AR g g ARAE Jebdth

E 14 "= FE B ERAA

- as A %) FMW) AR MW)

20104 20114 20124 2013 20144 20153
Califonial 256 538 941 1,322 1,586 1,697
Arizona 64 288 420 481 491 558
Nevada 68 19 212 255 282 311
New Mexico 41 122 63 109 125 121
Colorado 62 76 93 135 156 159
New Jersey 132 306 391 192 197 179
Pennsylvania 47 78 21 24 32 35
Maryland 5 24 40 79 103 138
Massachusetts 20 36 88 143 179 179
New York 22 68 44 118 156 204
North Carolina 29 46 57 60 93 100
Tezas 26 51 72 88 117 132
Florida 35 22 26 58 43 46
Hawaii 19 41 71 116 167 227
Other 80 131 611 751 898 1,094

74 FEUeY, 2013
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NFaL 2012 2015 2020
BAakg s WA AYFF 0.102 3.0 10.0
2HGA g FAlRoE X 0.058 1.0 4.0
AFE 43 2.39 14.0 40.0
08 B3 Bdd $EAF 0.058 1.0 4.0
0 Bggdas 4.392 15.0 40.0
Bl kg (CSP) 0.000 1.0 2.0
A FREF 718 7.0 35.0 100.0
Y gdFEde] AAsE v 36.4 51.4 54
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S0l A 100%0] ZalHEA glokgutd e Zu AR BEe b Al
A EAdez Agug A HUuo

T3 RPS o8 EEAPo=R F 497MW7E FIT AI=E Ao, o A
© 2011del FEHEUAT 2013d0] FAAAAR WRBE FHAL (T
ADE 7S EgREd ARl AlFHle 40%E Addts AHe dYse
B, 1000m* o]4te] WAe 71N FFARY AEH FHo| AAYTAEAE o F
3 3 TEde oF3, AAAY datem *JXH*MMX]*&%!OH g AlEH]
A A B A} Bl ok

UI iol'l“ﬂ
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(&9 MW)
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275.7
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s 45.3 l
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Z#]: KOPIA, 2013
a9 19 A=W I eRFEA AFEA FA

£ 1-9& RPS A= Rgste BEFLd 7SI TFS ekt

E 1-9. RPS A =oA] ejFFad o7

A= 2012 2013 20144 20153
A (GWh,
ot 276 723 1,156 1,577
FAFE)
AAEFMW) 220 330 480(330) 470(320)
Zx] . KOPIA, 2013
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20133 71&E F= BdFGAEC] AA BSF AFS

tote] 7HAAAY S FRI}D AZHFES 7MY 3
22 244 AgE 4ol AXEa o, F=49 Top tier YAELS
A A& dFAAE st Aok E=Z, 3

1IGW = o] Aakgae Bty ok

89S 7N 5, 48 JAES THAAAE vl A

JAEL turnkey AHIE &3t FA/ A2 BEAAE FAstn ATk

H 1-102 AAl Top tier B3 AAE IS et o, Sold A
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o
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‘07 ‘10 13
1 Sharp 9!  Suntech (1.6GW) % Yingli Green Energy (2.6GW) &
2 Q-Cells E  First Solar (1.4GW) O]  Trina Solar (2.5GW) =
3 Suntech %# Yingli Green Energy (1.1GW) %= Sharp (1.1GW) o
4 Kyocera 2 Trina Solar (1.1GW) & Canadian Solar(2.0GW) =
5 First Solar Motech O] Sharp (1.1GW) 2 Jinko Solar =
6 Motech | Canadian Solar(0.8GW) £ ReneSola =
7 Sanyo 2  Hanwha SolarOne(0.8GW) st  First Solar(1.6GW) oj
8 Deutsche Cell £ Kyocera(0.6GW) 2l Hanwan SolarOne st
9 Mitsubishi Electric 2  REC(0.5GW) & Kyocera(1.2GW) -1}
10 JA Solar £ Sanyo(0.4GW) U JA Solar(1.2GW) =

A ANFEAE TEAR

1% 1-10. AlA Top tier %3 |4 A3}

Eo]d & First SolarolAl FYL3A CdTe BlSAHRAE A4tst o, b=
7199 2.2 = Hanwha Solaroneo] FY3}A] &= o At}
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T AL R SivF 288t S Bl dA A AdgFE T2 Top
Tier fAl 1329 AEFERG At =3, dd FF24 8 Xﬂz%ﬂ«l 4%, 4
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ANEstGod 2d A BEdA v Ve B 7 AAEE dREA K5
of A dell A Adefelrt.

O{NE»E

mlm

Poly Silicon Wafer/ingot Solar Cell Module System

ocCl Nexsolon Hyundai HyundaiHeavy KD POWER
Hanwha OsungLst Heavyind. Ind. S-Energy
" Shinsung Shinsung .
Woongjin Energy Solar Energy SolarEngrgy Hyundai
8 Heavy Ind.
LG electronics LG electronics Shinsung
Manufacturing E&R Solar E&R Solar Solar Energy
Equipment Hanwha Solar Hanwha Solar LG CNS
- Joosung . Lsis
Engineering S-Energy

-IPS L 1 LsIS Hanwha Solar
-DMS P Energy
- SFA

Samsung C&T
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92 27t w3 ARATEET B nEH0] AREA Fds ¥ &&
S 24T F dou wrtgkes Aol SXolth el AR FuHer A
Azl A7F F4E o] &std AHE woyt F&o] yrh HIZZHA HFHA 7]
& st were no AL ARE ol &5T TANEL o BFAAe A
o RFUA $4E 45 Ae & At PO APHel gk uhe Pejo] A
g HFAA ey uter SgHE WEA BYgHA, fU1ES &% HFAA
ML Fol BF HFdAL 7tA4E Eol7] A7 =¥ d&o|th

c-Sif cdTe CIGS a-Si others
p-type/Mono/Advanced c-Si/n-type 4% 2% 2% 1%
10%. 6%

A4 AZEAR xR A

a9 1-12. 20139 e FRA SFE AR HFE%)



=R BRG] AR 22 AR7E tinlste] Bl R Al=sle] A7) a
Bt 248y AT JEMT Aol Adsith. 53, BERTA Al=He] 3
A=A BFRA L] A7t - LEES} 7] Ee] s, E=R A 2Fl0 Ao - 1
3%5eE 9% =E3 7]&, BOS Zlgd tig Agide] &3] o]FoAa Yot

Best Research-Cell Efficiencies ENREL

Nt ot 1 i vt Gen 2: Thin Film CIGS (21.7%), -
- CdTe (21.0%), a-Si (13.4%) S, B
ut ¥ a2 | ke
A Gen 3: Dye (11.9%), “i7
QF ar Organic (11.1%),
Wk S Perovskite (20.1%)
N .
.
g Crystalline. S\
B (25.6%).....
3 uf
&
w
ME
6
2
R
ol
U_l'||-1__|_|<\:_|_\|||_t_v|1|_|_w\||_L|||\4_|\i|I|\|\I\|
1975 1985 1990 1995 2005 2010 018

&7 . NREL Research Cell Efficiency Records, November 2014.

a8 1-13. A 28715 Fol

19 1-132 NRELOIAM 2HEd BFdA E&7]F Fol& Yehdo. IdoA B
ol Ath efFdAQd 284 A2 BFdA HuaE 7152 25.6%01H, 24
o efFAAQ CIGS ¥het ej A A 21.7%, CdTe ElF@A 21.0%, WAA A2 1
2 B A 13.4% otk =37, 3T B FAARJ] ARASHEAA 11.9%, 71 H
FHA 11.1%, H2H 270 E g FAA 20.1% o]t

a8 1-ld4= R 7le 275 dEhliind, 29 1-152 A &A4E 587
< Yehdo.
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Gen 1:
Crystalline Si (25.6%)

Gen 3: Dye (11.9%),

Gen 2: Thin Film CIGS (21.7%), Organic (11.1%),
CdTe (21.0), a-Si (13.4%) Perovskite (20.1%)

First Generation
Wafer-based

Second Generation

Thin-film X .
Third Generation

Nano-technology

Generation 3

Organic thin film (395.9.cm2, submodule)

Organic thin film:
Perovskite

Dye sensitized (398.8 cm2, submodule)

Dye sensitized (1.005 cm2, cell)

a9 1-14. HdF e &7

Generation 2

€dTe (7021 am2, module)

€dTe (0.4778 cm2, cell)

€168 (9703 em2, module}

€IGS [ 0.9882 cm2, cell)

Generation 1

multi-crystalline {14661 cm2, module]

multi-crystalline (1.002 cm2, cell)

mone-crystalline (15775 cm2, module) |

mono-crystalline {183.7 cm2, cell)

: NREL Research Cell Efficiency Records, November 2014.
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< 924 HIHA FELE BY F e 0AA dolF Aol AEHI glon,
A a8 FEe AT BiaA d7E I Folnh

202037b21 9] AeE HEFRA 71EeMNT 719 Es ol 2tk

025% ol 21 E& HEAA A

on&E& BlAR F=xo thWs}l . SE, PERC, PERL, Back Contact, HIT
oN-type A2 EjFz=A] 72

0100 #m ©o]3} By elFHA At

a8 1-162 dol¥ ¥ A% HFHE& dFe Ytk &5 n-type Aol 7wt
@2 AP HdFHA 2 2T HEA }élal% AR o] A HREol 71

A 2.
100% -
R BRE | I
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S 50%
g
(=1
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E 30% -
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0% A r

2013 2014 2016 2018 2021 2024
W p-type mc-Si W p-type HPmc-Si mn-type HPmc-Si

M p-type monolike-Si © p-type mono-Si M n-type mono-Si

%3] : ITRPV.net, 2014.
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25% A
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Z 23% o A @
c A
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&3] : ITRPV.net, 2014.
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3 100 4 A2 18%t) 9] Ego] GAHT QU AW EA S @ R A SRS Eshd
] BFRA Ego] Aedhe FAlom
50
25 4 | _ _

0_ —; Front metal Screen printed 422 EfYHA|

2013 2014 2016 2018 2021 2024 . phosphomus oflojg, Al SHHA
ARC

—f— Avg. wafer thickness multi + mono

=#=Minimum wafer thickness

——Maximum wafer thickness

=== imit of cell thickness in current module technology

—@&-Limit of cell thickness in alternative module technology

+SiNx BRApER|

emitter
« M, MW Ag, Al paste AIE

(Screen printHO 2 H')
Rear contact " i

- . _g_‘:' £

%] : ITRPV.net, 2014. =

a8 1-18. AE 2 HFAA dol¥ FA Wt Fol

1% 1-20. Screen printed A gl & Bj AR

HIT (Hetero-junction with Intrinsic Thin-layer) 2&& %A X

Y o] Panasonicoll A= ©EA n-type A EZ 7)ol wiAA AgE gube A
et olEAHY T2 2013ddlE 100cm*AolM 24.7% E&L DASGT 1
g1 2014dol= HITF X0 BCOEFHAFE) Fx2& AP SH-FIBC Fx=
143.7cm’e] WA A 25.6%2) MA H1 &S 24 A1 1-21]

Light Source

13 1-19. Cu =5 (Light-induced plating, LIP)
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Front electrode

TCO

p-type a-Si:H
intrinsica=siH

n-type c-Si

intrinsica:-Si:H

n*;type a-5i:
TCO

Back electrode

Development of an electrode with

Surface grid electrode a high aspect ratio

=Improvement to aforementioned
(2) Jscand (3) FF

Reduction of recombination losses
through further improvements in a-Si
layer formation technology
< |mprovement o aforementioned
(1) Voc

p-type a-Si N

/ Monocrystalling silicon wafer
\ (CZ. n-type, texturad)

i-type a-Si

Development of transparent
electrode material with
low light absorption
>Improvement to aforementioned
Rear surface elecrode  Transparent electrode P 2) Jsc

n-type a-5i 7

Z % : Panasonic
1% 1-21. HIT solar cell +%
IBC (nterdigitated Back Contact) A& e ¥H A
v]=9] Sunpowerol| 4] shading loss(d=ell o3& 3w o] Zolxl= &R 2+

o ABATL AAN, I FI9 AL BT S YN T2

BC T%2 HYHAE AzstArh

ol o] YatEE A =
& HAds} s, AAFANA FF
Fallok stEE Ee] FHo] Ho
Wl % 4% A& Aok e V|HelA 52 2 A4S VHAH, B
ddo] FZog olFoXTHE A¥L zru Ut 2008 TLEA n-type 7|%
AHgste]l WMIEE 234%, 201003 155cm’ o T Mo|A 24.2%° A& ©
Ao, HZ IBC BlFAANA HAuE &S 25.0%5 7153

o] BF Fdo] EAEA HuA 9 4t
o §€ Aol 5ol FHLoR o
ol sleg AwWa $He] wW passivation©]

=

lo

ox o

silicon dioxide passivation layer and
anti-reflection coatings

\‘:\
NN NN NN NN

n-type diffusion

p-type substrate with high minority carrier lifetime

n-type diffusion p-type diffusion n-type diffusion
——r s —

negative contact positive contact negative contact

all contacts are on the rear of the cell simplifiying interconnection
and preventing shading losses

Zx]: PV CDROM
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finger “inverted” pyramids

i P
i +
P J
/‘
f
P n oxide f
N p-silicon p+
p ¥
— {
rear contact axide

Z*: PV CDROM
13 1-23. PERL cell

LFC 48 & #IAA

=d 9] Fraunhofer ISEelA 71'#3 LFC (Laser Fired Contact) Bl %A A= lasers
o]g3te] ZWo| point contact FAsHE WHL A YTk o= FH AL
TRAcE FAANIAL, HEAHA EFvws =7 fEA EFHES F
&}al, laser beam-& 0]%0}04 annealingst= WHo|th, FR A o7 HIFE FAE
98l @ol AM&E+E photolithography 780l nlsiA @ AR tFoz Yikd
F Ate FHE 2t Aok AdE FHEAS FE2E V£ ¢FvE BSFRT ¢
Fahod 21.3%9] o &S 7S Y

Screen printed Ag-contacts

SiNy

Emitter
p-type Cz Si~2 Qcm o
Passivation stack

Screen printed Al-Paste

LFC

Z3] : Fraunhofer ISE

1% 1-24. Fraunhofer ISE7} 7R3k LFC Hj %4 =
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Ascent Solares B2 REE4 FJAHI WS AEstY FYAE FHaH Y]
oA 14% & 2 17%9 ZEEZES A8t U
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4t o> fob 2
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Z&=]: Ascent Solar
1Y 1-25. Ascent Solare] Z @AM E CIGS e A A

=Y Avancise =HHFP A} A3} FHS o83t HE 129% ELARES
Akt 7leS B3t 9lal, Solibroe BAISEHORE 25 caigl CIGS PIURE
HM3ETE 166% 2 EE &8 14%5 SR ot AZFAH JdojA= Sulfurcel
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U Eo] Solar Frontier =3 ~HEH/A#A3 FAHCE 3459 i RE 13.4%
2A st AAHEWS JdE Folth v=e] Miasole 60 X 120 cfi =7]9] stain
steel 7] o] &3l 32 23y WHOE CIGS vt BlUHAS AYista e
™, Global Solar Energy+ &kl 293 2EE FHE o]&sty CIGS A
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Perovskite | 2 =)

AR7-$ HYFAA M= perovskite EE S 2 &3
4

3 AF7F A AT Ha
3, T 33%F perovskite Bl A] A7) wlg- wE &5

2 JYFa Yt

¥. Yang
{University of Calilormia
20 5.1. Seok
ok (KRICT)
M. Gratzal !
{EPEL) )
-
151 N.G. Park 's.:;cmtl;
(Sunghyunkwan University) \./
M. Gratzal i
{EPEL) H.4. Snaith

),\/ {University of axfard)

Efficiency (%)

H.J. Snaith
(University of oxford)
u
5k .G Park
{Bunghyunikwan University)
T. IFryulll:n
{Univarsity of Tokya)

1 " L L A I

2009 2010 2011 2012 2013 2014 2015

1% 1-26. Perovskite EjFAA] &8 Fo|
7+ HYAAE Aoz AR 292 23 Fe Gritzel AT &
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A n HFFATAE A5 AFEe 694 FAS IPT F dv HAE

™, p-type 24 d2F £39

A g °V\P17§°ﬂ Z**‘“?—J T 9

n-type 2=AUZHEE

7183t omn, ante= &

&3t 20.3%°] ;qé_’r 71&
=Y FEETde e ol

B A A 2115-77}74% Gt olF HEAA EokE FHAYLRE FH

ghsl&etd e 2011 AY4F capacity=

1.5GW=E =] AR E FYstA GW F A4AAES Bista Jon, =3 18.0%

(full-Al BSF), 19.3% (LBSF)9] & E&S 7|=E393, FAHRAZ 8 F<A EWT
(Emitter Wrap Through) EfFdxe] ¢ 22%9 HxXE&Z A3} ﬂ-?% e
3t Ytk AR EFAUAE A 350 MW FR9 El¥Ax AAES BE3kT
o, 18.16%2 Fitago] TAA gdAA A L MA H _r_z_o] 19.04%2]
ags e ‘47*751 AYE BSFARGAA) ALstHTh. =3 Selective emitter
Zo A oA E37]&S o83l 19.6%2] Bl¥HA E&S 7IFIHTH

29 1282 ) F8 AR A9 APAE e deac
Sl A CIGS BYFAAE LGolel, A4SDL SKolwulold, F547] Fol
7 Fl#e Ao ¥ BES W HojAth
=3 FFgeld 35 BAAR 7B ol §F BEE FHL o|8F BE /)
& AP Yok A FRHN A TAKISDY AU ATFAE WY

L3 ]
A AL AFRoA WA FES ZUH e AV ZRIAHE ol &dte WE
W EAS 7HE B ol A A AVl A4te] s’k CIGS Wt Bl A S
M Gty BRusta o ol Fr71E 7Nl E BPVE Aggoz A U4
2 obHA WolA ol Ao vty Rusty Ju, FFE AELA F5F H
FHAARA T BEA0] F AoE AF%Th

718 BIAA AT Z = perovskiteE o] &3] AF7F A= ot AFdH
S Hbgat w4E-E perovskites 3 F4 EHE AMEStE 7leS L& &
o] A87S YA ANA PEE CHNHsPblsElh= perovskiteZ A& stR L &
Blerd A 9.7%] B&S e A58E "HIEAANE MEsATh =3 A4
AN A9 w5E-e CHNHPb(Brys perovsklte E4E& Hgsto 19 Br
o] A& ZHIAEA /77 HF TEE Zte HEAAE MESAT, FF S
G A 123%9] £&8 ZE A7 2HE dEIYTh
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Hyundai Heavy

Production capacity

: Cell 600MW/yr, Module 600MW/yr

Commercial screen printed full Al-BSF cell

front metal  front dielectric

o]

=
phosphorus aluminum

) :19.3% emitter p-type BSF
Industries |, paDb : p-type PERL cell - 21.2%
\
back dielectric l:a:l:‘ metal
Front contact Pssivation JARC

LG electronics | =

Production capacity

: Cell 500MW/yr, Module 5S00MW/yr
Commercial n-type PERT-Bifacial

1 21.0%

R&D : n-type based cell

Emitier

Shinsung Solar | =
Energy

Production capacity

: Cell 350MW/yr, Module 150MW/yr

Commercial screen printed full Al-BSF cell

: 19.0%

R&D : Laser doped SE cell-19.6%
PERC cell - 21.2%

a4

HTM

CH,NH,PbX;

hlocking laver

n=97%

Z>]: Hui-Seon Kim et al.,

n=109%

n=15%

J. Phys. Chem. C 2014, 118, 56155

n=154%

1% 1-29. Peroveskite Bjd A FAH T2
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