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Wtz EHEESRIHE B R EEHEEIVI R E 2% 25 & B E K
BR B T f2 & % (25 International Photovoltaic Science and Engineering
Conference, PVSEC-25) & 4 £k J¢ & & &% (Global Photovoltaic Conference 2015,
GPVC2015)(LL T fiff& PVSEC-25)> i 2015 4= 11 A 15~20 H fF§% [ £ L1 BEXCO
gREPLE DEFERT - TEEHNWZRE - (EEEEFEEHS - HBEH T
B4RV em I - DARDBOREG e EENIESD - KARXGHLA 850 fiikH iR
HEIKFGREE S R BT B N 200 > S5 679 Fim 3% © K& (Plenary)
A 11 B - B ES (Invited))E 5 51 /5 ~ LIFE# £ (Oral)178 & - /5 % (Poster)439
oo AREGHEFAE R ERGCEERER KAMEBGE - EHRE R85 /R
FIJE R flo I > H & TS Ay 3 A BRME S - B o ORI Ot 3 T Bl
Hy2ERE ~ SOMAIH B 2 ~ (R LG - WHEB KRG CHENHEBE - gFH S &
ZE N NI-V JRIER & & & A2 R Rl ~ {80 5 B iE K5 Y E & CPV 140
£t - & 28 » Fraunhofer By KX F5 B8 88 0 ¥ VB AE 55 3 ORI AV B8 (AL o3 i - 12
< ANAH -

Wi = 2 5% AR i R R Bl Y Bl & 0 K5 BE 38 BB AR KR PR (K > 1E A XY
Ko RERGREZELAFBEALBHEELARRNAZAIUEFEN » EHEFEE
A DLTHERAY © fR¥%E EnergyTrend {5 2015 F £ IR KI5 RE K 2 & 2 52GW - fi
B PRRE IR F T AL PV L KR 2022 g St 80 GW - 2K PV EELEE SR
2050 FRF2E 4.7 TW - K[GRe 45 BB MY BH & - 75 B B s 28 0 18 1Y KBS A THOHI
R » LRI HIEM - 105 FHRMBAE S HEBT @S EE - ERERGE &
GRERZERM  KBERKGEFABEE HEEHESEMEHZE N M -
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2 ~ FEEEL DI YamagUCNT 5 .ottt 16
3+ PVSEC-25 ZEEREN .ovovveeeeeeeeeeeeeeeeiseesesese st 17
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5 ~ SEERTEREBIFER (2015 45 11 H 19 H) oo 18
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11 ~ B LCOE HYTEBIRTR o seseee s tesses s s e 21
A AV s e o (4 = 21
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s CBH S B S P VB S - FR eV I B 4e R A WY - R HRIT A
Ry T IRIEEROR Rk B BRIRAL - REGRERVIEFIHEIR S » I KIGRESF B RA T R -
FINECEERE - BUMFTY 2015 45 8 Hi 2030 FAIGREHEERE HAH 6.26W FIHE
8.7GW > JEIRHRiA KR E KGR s O ABLE 24 BIRRIGRERYAREN: - BB tENE -
RECERERME - KIGaE TR SR/ RS T -

RER R AYRHGE T KIS e B i 4% e B ) < KIS RE TR B a8 nl oy Bkl ~ 1~ &
SHPEOH - MR ERRE) ~ 2580aE - FEERHEA - BUEREHE » K& 3D HHtFERl - o
B ARGRESR BRI BB IR AR R SIEE 2 RIER R E R - iR SR At B B
% S KIS RE IRV AERERE - DURSEERY RIS RETRA] - Ti7BhEE T JaREE R AR & - ST

AR PVSEC-25 €3 » LU T AR A BT R RE AT YR - Gt b i
B[R H4 AN+ 2 KPRy ZE 2} Dr. Masafumi Yamaguchi 5z Dr. Kenji Araki - #E &5
10 i H A - 8 SB A MIAR S H 58 A (Toyota Technological Institute) iy & g s Kz
H AR [F s (Daido Steel) ALK HE 4% B 2. 43554) - Dr. Yamaguchi 28 B H TE KR
SBHEEL > EFERAEL - CES - KIZREEN - ROotESTFYESEAE - F 25
PUERAEER - ATCRGR T BB HONEHHIN - 55 3 OB - 6 RiBH - fEXEIRSRE
PG > Dr. Yamaguchi kz Dr. Araki #—250 i 2 IR E EEAUMIFEERE - B 2 HpE A H
Dr. Yamaguchi &% -

KPR R HE H I+ TEAIEE S RO RS RE % B A 4 1Y 522 (Prediction of Cloud
Impact on HCPV System) - tg @ e FEE R # /K2 RZE H AT E(GHN AR EE - AWTFEAIH
SR (Yankee) 2 B BEGHY R ZE R F(TS1-880) » HINFHsAE T SEHY 26 > A FHIEAR B
ERMEEEE - [EEREZE - BElaHERS@ESET - BEED)MEZES ~ B
JE\[7 > H 3D Studio Max HYZEREAHESE - 1% > fRIBE « K5~ SEOCAIR 3 E AL

F1H
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11H14H | htkEERSHE > REREE LT

11 515 H | sEfERE(E 3) ~ 250 Tutorial &5k
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PVSEC &tz Bl T(2) AW EF =K » LR PVSEC-12 1 PVSEC-19 73 52 1F
2001 4 ~ 2009 FERAEFFIN EZRTT « ARGk R EETEEINSZ T - BESHF 6 HY) » FEsg
ARG R EEEEF(MERS)HY B - HIFRBEDMERET - B E R AFNE NS 4 K
3 RAVHRIT - 58 " MERS JE3tay | AUEINE AR TOREE - B R ARG H# S I T
HYIFEEA - AEELYH 850 it A2 - 2kH 20 {HEI% - A 679 e (BB H) &% »
# 10 {EATEI Y FERGEI > 73k 56 #3521 - s AIHIRE (% - DUt F iR 3 R i % o5 62% 5
HIOEHAR G 17% » FREIfESS 3 5 4%(CREIZ 4%) « BRAFTSN » I HA SR SORE S (A
BRE ~ SOBREE ~ PULRER  RIRER ~ BALATHIRE: - REERERS) ~ SEF(KHE - K&
JEEE ~ (BB 2R (Underwriters Lab, UL) ~ it HOBAETR ~ SAAETR ~ FF0LE ~ Sttt
R~ BROEEE) R BE N (TR FERT) » HEmCRERET AL - BINAEKFZRE T T HIRHT
3¢ FELMIERIEE

PV {(REUE R &SRS A& 7 R dmty Ak ~ i d R~ RIGEEA - AR A HE T - &5
S AT ([ 6) LUK ES B Ke bt 2 » S BRI e AR 20 il B -V R 2B &1(CIS)137
F&IE 20% ~ AEILRHEE(0SC)119 R4y ds 18% ~ 45 & (CSI) AP Reb4k) 102 &y
15%-~ 1% 2:(New Concepts, Novel Materials and Devices, NMD)77 495 11%- §5$kHE(PRV)70
& 10% ~ SHERERY & (SIF)60 R4y 9% ~ KEGRETTIHRAH K 48 (MS1)60 R4 5 9% (A5t
B L) ~ M-V RO R KR ZE FH(GAS) 26 iR4 s 4% AT SEEE S AEAE(B(RES)23 R4y 3%
KIGRETT5 KIBER(PMP)S R4 h 1% i3 R ZHIE -V RN (L EYIR G &M Kb
B HIOE AU LRI RAFEL 5 -V REOCAE KoK 22 FRE B bt » 2hR T

SEIE FARAEAL ~ KEGRE TS BRI Mg R/ VHY » &5 4% E

PN IRFe B2 B KIGREBIRE (5 2014 28K PV 258 ~ KIGEM AHAIAREER
FRAH R 28 (R ~ P E3EE R4 (Levelized Cost of Electricity, LCOE) ~ PV #54H 25{b K #if& ~
BRI EM KA RT3 ~ BEAVEEREK - RIGREEFEIIARI » K 2050 F-KF5RE
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IR TSI -
(—) EIKKIZEEERE

K53 RE 58 B 2 A {0 FH I — S BRI - FOBER BRI (b A E AR B2s o PATEEL
Rl : 2014 FRIZRESE Ky 34.9 TWh » Ji/D — S bR E4Y Ry 25 5 EE - 2000 F-KF54E
SR 24 Y IR FE (Typical Performance Ratio) By 70% » 2014 & _F71-%1] 80~90% ; #¥ 5 A5
B It 10 £ERTHY 16 9/Wp [23] 6 g/Wp - PV SEJR[EIUITI(Energy Pay-back Time)A]
LR = H IR E A E - MBS 1.5 FROAU N 14F) - JLEEY S 2.5 4

2014 fERPGCEREE - 450 KB E M (Crystalline Silicon, c-Si){y 5 FifE S » &5
90% - HfE 5 10% - 2014 4F c-Si £Ek BB EL R 178 GW » £ 2015 455 233 GW - PV
LHEEIE G R (CAGR)H 2000 4= 2 2014 4= £ 44 %- 2014 SFEON PV RigZ K EH 2013
T 58% BRI LL[F 2 48 % 5 T GUE Kk 2013 FFK 5L 13 %2 17 % - 2014 (&R PV
25 2013 ££Y 3.3 GW [ % 1.9 GW > 2014 FE R FEZ 458 38 GW » Bk 5LE 21 % - 2014
IR 31%HYE IR EH AR - PV EAE S S 2ERY 7 % - GTM {£H 2015 Global PV
Demand Outlook .~ Exploring Risk in Downstream Solar Markets #2545 » 2015 25k PV %
HEE 2 B 55 GW » bE 2014 fERLE 33% - [ Ak 2015 4F PV 278584 14 GW - 2015 ZEECHATY
SRIFEE NVE > PV 5 B BRI 21% - {H 2016 FRBHLGEE: - 2 2020 4E PV 5 E# B
42 GW » 2B 31% (& 7) - IEA THG 2K RREZEEKI5AE 2 2050 K2 4.7 TW(E 8)
(Z) RFEEH R ABAERR

Bl B RP5BEACR i = 2 E] 25.6% 25445 1y 20.8% i CdTe £ 21%-CIGS
Ky 20.5% - B s A 0 KPS BRI AH SR AR E 23% - M54 - B AR P58 12%
ETFE] 16% - SHifE CdTe BAHPH80CRH 9% » ETHE] 13% ORI SRR Bt B i ==
FixmKE] 46% ~ TEAHARAE] 38.9% -
(2) B KRG ER

TERAAH T - 2014 FETEBURERYZE & 2BKEY 69 % » BUMS 6 % - HA ~ 556 - i
FEAREE 4 % - [BEREZEENNEEARM - By - hat22E e (Leaning Curve)fs
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K1 TR 34 FEAHLHAYERS N 20% - [ R He(EAE DLREED K91 - 1990 47 10 to 100 kWp PV
FRTHAYL) B BT 14,000 €/kWp - F1] 2014 JEE[ZE] 1,300 €/kWp > 24 AN T 90% » FHRFEE
{EF& TRERE 9% - HRGEREUR > 2518 9 © B ER vs AFRFHIEE - i 1976 F15
HEE 0.8 MWp I - {EF& F$100/Wp - BRF[H & & 100 GWp I » {H1%$0.8/Wp 5 TEIHIE] 2020
T EEEE 609 GW(E)H - 1HEAHERS £5$0.4/W -

(1) $5{E3% BB 4% (LCOE)

10 A[E HiZE T LCOE FHMI » BUR 2014 4F £ 47 (HF84Y & 1300 USD/KWp - 2015 4
1216 USD/KWp » 1FA[E HEE & T 2015 4 LCOE 4£91F 0.049~0.097 USD/kWh [ - £1] 2025
AR 2GR E S By 812 USD/KWp » LCOE 1A [E H & & T 494F 0.033~0.065 USD/KWh 7 fi] -
sT5H LCOE MR L&A SR 25 258 - ERHAMAERRT HEE 80% ~ 44
22 5% ~ A 20 4 - BT 2% o (S LCOE iy - SRR (18 11) Feb hufsiaHim HH o2 K38 &
S (A][#(K LCOE 20%) - [#{EAHH - i (BOS) A Z 575 Al [#{&k LCOE 7% ~ 6% -

(F1) PV #&H 51 b i

RIBREGHREEH - REAIZEERFARRNZR Z — - EWIFSERE K PV EHFE
if o NEGEAMAHFEESHVEREL T - &8 T) ~ JRIEADRERVEL » K E2)DEE - T2
TR 25 LRI o AL - EIEAH (8 P HHAR AR AT RE s H 291 E > #EM PRI — V) m] A
HITRPHE I - LGSR T A e BRI - SRRy - A RERECRAE aniY il FHTE - HRIE 1IEA
BRHE G 380 o7 Fp B2 5L [ B (Infant-failure) ~ o £ #3 fi 2 (Midlife-failure) Ko = 1865 [ 1
(Wear-out-failure) » sZHAZI ] -

1. BEGHIEHY - SRR AE PV ARV TIFEaMIFALGEET - P ARG B Pl e
#HEEEEE(Light Induced Degradation, LID) » [KIHi-5¥f(Boron-oxygen Pair)z 4= HER
BUDEEE TS S 0 BEOCE(E RS RERE o 2 N AR - rREgiak
0.5~5% - BB G FRIARRELN © PHEEE - SRREEES « JEBE - MEARAHN - PR R
e

2. PAREERT ¢ SlEs AR R 10~15 1% o IKPGRERAH Bt E R B S sE B (R ] -

Rk S oafE & EmER - a4 BEsA 252k (Potential Induced Degradation, PID) » {153
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-~ MR BEADRER » INEAREE R EAENRE - $ib T EM - R
ZHigLH - 24 (Hot spot) /2 &7y KSR AR R R M2 s2 I0HE - Nametifas - B3
T RIGHEAEE - NE B BE s E AR - EARR - Wh - BEEARSE » K
FERVI TR RESEER - 1 HOBEE AR RRAYEERE » AEREVHFE - ATRE S RIIIEAH - hAR]
b HARTRE A+ 553 — fAE (Bypass Diode) & ~ Bt N ERIEHERAE - B S(L - EVA
S e PR R 2 e syl (Delamination) > BEANEE > 24~ RN S IR S A
AYEFR(Snail Track) -
3. JEEEERA ¢ RREA M S N AR AL - R AR

() BTy

1. %5545 (Crystalline Silicon, c-Si) AR5 & K 1L 13)

(1) $REDEZE Q Cells HEFELZ ST KI5 EMEH 3.5 GW - 7£H Q. ANTUM Cell & {115
i BB KIS BRI AR E] 20.7% © 2015 4 B — K5 sE A 4R d Y fs 280 W » 2019
ERFE 320 W -

(2) Fraunhofer ISE f£54E 9 H 15 H A HZE S LY#i{LES(Tunnel Oxide Passivated
Contact, TOPCon)fyAF5 ;1 Fill Factor 2 83.2% > Voc 718 mV » %% 25.1% » Al &
TR AP B A A T R4 8%

(3) SHERUE Y dt AR5 B B A e A A5 -

(4) PR AETAEH CSi-I1-02 #i5 5 - H n-type back junction PERT & b5 k5 2t
FIF Ni/Ag $28f ~ AlOs 2 H§HLAIAEED Al BSF £iGHERTS 156 nm /Y n BRI E A7 54
W ihlE E > HEER RBHES R (Moc) 671 mV > R Ey 21.2% -

(5) ¥-R[E]HY35BH 228 fis (Transparent Conductive Oxide, TCO)F1LL Si By ELmary S Fl1iLs
@t (metal technologies): 528 4 (Heterojunction) KE5 B IR /D T2 £ TEFE
FA T /A HE](Panasonic) [~ B RAFIVEEE M ~ 2% Fy 25.6 %6119 N BUEE 5447 (c-Si) F2'E
h e (HBC) KR - #i{ b/ =] (Kaneka) th 7R 1580 fy 25.1% 1) Cu s LA E
ST NN N A

(6) #HEIHE 5 R (LC)E T840 1 300 W ATREY N BUREZER A - 1 320W 15Dt
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A TS EHE -

(7) BRAWY §e 4Rl SRBEENIZES [ZREE(E n AUgE/ DEE 3R T £378 T RIS -

. HIRERS & (STF) K5 B K AR 14)

(1) HARBIZFER #E N SRR dE S B FE AT (AIST)IFEEHY pe-SitH HEB (R I K5
B HRCR 2 F] 11.8 % - 1 =REE IR St b RS F 2340 8% Ry 13.6% -

(2) ferRE R R TR EE(TU Delft)$#577Y a-Si 40y shlrasi - Hifius: Si KESEM > {1
IR B SERAE 0GR 14.8% -

() EEmIRHT KBS BEAHE A N-a-Si 4588 - R T n EUEERESH
BE » AR S B -

(4) EEEH BB (Electronics and Telecommunications Research Institute, ETRI){E 7
FHRL L KI5 AE (Building Integrated Photovoltaic, BIPV)EF » a-Si : H 1 a-SiGe : H #li
JTTH » SERRREE R 7% o A% 309 EBH KPS - 75 a-SitH BB K5
HyELiE - EA R AR LA AR S AR

(5) EERERE 1 EMNAEE(Chungju National University){E3JE&4 Y % (Amorphous Silicon Oxide,
a-SiOx: H)K 58 - i 100nm Yk g - 15 E 0463005 8.4% -

- N-VUEE A EEPI(CIS) K EE A s 4R (8] 15)

(1) 1F5 8 ke mE#(Plenary 8)_F » HZ Solar Frontier /\&] Dr. Katsumi Kushiya 54 »
2015 FEAE HAE R (Miyagh) e LS U FE S 150 MW HYHE KR S0 T
4%z = Solar Frontier & H AHAFI#%H M (Showa Shell Sekiyu K.K.)100%3%A 1T/
H) > EEBRMRRA - EHeR s H R LB ERE Ty CIGS s - £ H A
IEFRACE A 3 TR » FFERE ST 960 MW - 2013 4 12 H'EATFE 130 (R H A
HAE RGOS 4 TR > FEEERE 150 MW » 205 L5 T - B L H AR 2R A
FERRA ~ DAR AR RS RE/D B 18%HIKIGEN » B LERMAEERRETZE
1,110MW - JR5ERGIEITE By 1228 S J53 77 ~ Bt 170 Wp ~ %5 13.8%(J154H -

(2) FEEDEIRE RS Wonik IPS AR T i8R 16% ~ I35 14.3% ~ 90x160

AT A3 A/INE CIGSSe SREHSAR » HTHIISAAR H R 18% -

HT7TH



3)
(4)
(5)
(6)

(7)

(8)
9)

SR 25 42(AgCU)(INGA)Se2 TS ERRER 134 21 VRIS TR -
CZTS Hsa TR EHEHI Ge TP A » IR Ry 10.039 » 1 0.54V HBHRG THE -
¥ Ge (30 nm)fII7E Cu2ZnSnSed | » TP RIRSEEIE - (SRR 10% -

(F)i2 ASLAEEH CuaZnSnSed - SEWIEI I MK 4 BIZHRIT » KBHEARCE
AT 119 -

ik Cd 11y CIGS BURFZREAMSCR =Y 1890y T 22 A1 CIGS J@A1 ZnSnO i {Ei/E
YR -

AU (LSRR AT AL 15.596H9%0K -

FIFALE ~ [FTFIBRRGIR PL IR » SERsT Ao LIRS - amse - 0%

HE(T T CIGS 1 CZTS Fhisme:-15e -

4, EHETRHE L(OSC) A PR & K A4k (& 16)

(1)

()

56 4 SR e sEsE (Plenary 4) | » REERIEET e -2k figdzfat - #EHbERnsL
o 4 RERAE A n B0 p IBAEREE-AHE 2B ALY IS EIRER 12 % ~ &y 10
FZ =g T ARG E A (Polymer Solar Cell) - 2 E[Ifill(All-printed)OPV FE4HRE By
~8% o

7] Dongjin Semichem A\ E|GAZE T FiEIANAYRME LRI EE M (Dye Sensitized Solar

Cell, DSSC)f#4H - Wfijis DSSC B [ /£ ESE BIPV | -

5. #55RIE(PRV) KRS &M KA R 17)

1)

(2)

(3)

(4)

TR RS LR FE e (UNIST)Dr. Seok 1255 1 5 K& i (Plenary 1) - /M43 T
FHERBERAL A B B AT SE B FE SURIIE 53 S 85 SRR R AV BRI R il - S gIpH S8 IR/A R
IR PP ALt 6-DMSO o fEAH (Phase) sRECEATE » A HES R ARV AK -
HATUN TSRS TR S Y $5 7k 55k B (Pb-free Sn Based Perovskite) A2l
PRV S RS R R PA B - f2 & T ARCRNIRRE: -

H AL EERRT R (Hyogo  University) s e By SER 2= S s ARt B sa iR S i AT
—H (bR > SLIEIE Y B RS BRSSP R A Y AR -

e [ 1 Y B 2L K B2 (Ewha Womans - University) Je 37 11135z (1 e 0 3 TR 22

=
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(Nanyang Technological University) &£ 5255 ki AR S A FE 2 T -
6. ¥t (New concepts, Novel materials and devices, NMD) (] 18)

R REER  ABRLSHIS T8 — R B EeE T RgE - BB R

(1)  ¥EEEI7 28K (Chonbuk National University, CNU) SRS 35 &) (AR SRz $H
(BaTiOs)Z= K FEUHL B L i e I AF 5 S $5 R P53 Bt Y B [

(2) FHEEBEAFYCCT REBHE AR AR OR S - E &R K5 E A EA
b wgsR T ORI (light trapping) ©

(3) EREF}EEFfiTfE(Korea Advanced Institute of Science and Technology, KAIST){E =%
RERFSAEEUANE] L > pleybth e A < il Bh (L ER BRI AE GaP ZOKSERYSEIE L -

(4)  ¥EE{E A S (Seoul National University, SNU)EREAGHT iR T RAPSEALHY
Wge £ > SRAA T T A E (Blocking Layer) 5 £ ~ 4.8%H Lf) FR B4 (Power
Conversion Efficiency, PCE) -

(5) FREIRIERAlE(KIST)EM &R E R tlEar i - AGEiE ETRE] GaAs KI5
B EES RE B -

(6) #EEERSAE(Hanyang University, HYU)FI A BRSEBLE 1 & oA (ALD)ALOs HfH]
» A FIHGE & (Planar Hybrid) TERY/PEDOT : PSS K58 [ » (HDhZEEHAER F
T2 11.16%

(7)  EEEIABFE LR R figf%E (Daegu Gyeongbuk Institute of Science and Technology,
DGIST)FIfH ik A& BA KK T4F PEDOT © PSS HJRAIER/PEDOT : PSS P £
BERPGEMN - fEm T OHIRIL -

7. M-V SR K K22 I (GAS) K5 Bath Ko k([ 19)

FEEERRE A 3 I 9E s ~ 2 (EVEER R n A 2 (K g - N B S A A RiE

S A TR R B B TN-V RS & B A RARIG MR )74 - B EEHELT ¢

(1) mZELHTE -V BRI bt bl A R0 ~ 18 5 BRI KPS BT B 501 CPV HRAH R -

(2) EERRAVE s E TR LAEARE CPV Ry EEM: - GIiERS S TEREROE

EHIRARTTRE  FIGE S = MERE 2 RE I AP By m] SEME AR E -
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() -V 1 CPV Z&ieflafizE sn L RIS - BIEREGIRAELLE4E PV B rERY1E
T > 4l CPV Z &l /DAY IR - £ 5 SRR [ Ae 88 v] SEMHIE -
It sER LB AR A B AR T ARSI -

(4) SGAEBIIME > ERMFILOR B NIV fI CPV Z4IEZAE PRI - £ da [ Blgy
FUERS# < R Y A8 18R T SRR EE TIEHEE -

. KEGHETTAFEAH K %48 (MSI) (& 20)

(1) HABIZHTERZE NE SRR S HFEATEH - 2016 47 4 H HAMRE F AR
%27 (Fukushima Renewable Energy Institute, FREA)&t %5354 gE 5 (Distributed Energy
Resources, DER)RHEH 57 i RHVEH - DUETTHIEURIGH S D)4 38E1 242 (PCS) -
TEEVERSES - EAEERE - e BHIEER RS -

(2) 1£ IEC61724 £EAEN » J2 FIT B ~ &R EA RIS T - ZREURMNARER S T 350 kKW
JeIREE T S ST RE K RE IR 2E B B R 73 AT

(3) EEEAINEN 1 AE(Kongju National University)f£ EnergyPlus F{1 PVsyst /EZRAEENTZT
aTEE [ SEBOEIRNESE A B A& (BIPV System)sgiriy A5 B EEAR & -

(4) KSR e R B A B (University of New South Wales, UNSW)#i2% H A 3GHY T
H » DIEFE SRR Sy EELAE (Plate Photovoltaic-thermal, PV )RR B o

. PV HISEE RAEAE(L(RES) (& 21)

(1) Fraunhofer HYRY PG EEEE AN UL (Center fir Silizium-Photovoltaik, CSP)%f/E (%554
JR(PID) L 1 2= taiM: ~ MR /M 4ERIZE R 34T ©

(2) F=BIENEIEZ 2dss(UL) BB Rl 254 - /réd 7L M ERE AR
BACAYAEBIMETE RS - B HE MR ENDER SRS ~ FRERE PR R
EAHRAME T o

() FRENZERARS SR TG LR - s ih5sE Afui(Abstract Syntax Tree, AST)
BRI S ERE B HY E B -

(4) BEFZ KTL A EAFE LIRS EE B2 4 (Environmental Health and Safety, EH & S) &z F

HAVEREAL T AR LEH HigHE - B HE © BOERIFEERY EH& S Elmat(bALs
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tH(Leaching Test) HIE{HYEEAEA BT -
(5) EEENAIN(Kongju) BT KRB T AREAAFIEE PR R VRS » % R SIEIBZE REUR
RE AR R IR AH A ZA -
(6) HABIILBHFERASEA NSRS EWIFERT(AIST)E8R T FEA B fmit 2 AR
T TSR RIS R IV ISR HIHE -
(t) EEEEREX
Dr. Masafumi Yamaguchi 7£ 11 H 18 H K& FJEz#AY#H & Present and Future of
Super-high Efficiency 111-V Multi-junction, Concentrator Solar Cells and Modules”$5H > H AYEE
ZSEEME - HABUSEGE R R K aef1 R SEHA R - 158 7 SEERT - BHABUNIR
AFHEIE 2030 A1 - L E S EEH 30%EEEE] 50% » fREEMHE - HASIE (ZAE] - Dr.
Yamaguchi 52553t & TERE ~ AR S A SEMERT RIS EE - Rl 2R s MRy RO EIR
[HRE R IR Y - MR B R = EIMESHRSCR « A THTE IR R ERVERIA - RO SRR -
RN ST RES A AT LR - B/ 20 b HYSER 77 BIAE 25.6% K 20.8% ;5 2ot AY -V
L PR 5 B B i e HRER - 22 46% » ARAERARRIUE 11-V 5 RES Bt T S R - 4
()18 &#Ef5(Recombination Loss)f & : ~FEHE A ER(Bulk) ~ FmE (Surface) ~ 71 (Interface) ; (2)
TR FEfE(Woltage Loss) 5 (3)E FEAT-#EFE(Fill Factor Loss) 5 (4)Y¢E2F#E£+5(Optical Loss) ; (5)4E
B RME TR (Insufficient-energy photon loss) S o o215 [l i A e G (4] 22 - Dr.
Yamaguchi 5% R S R KB 2=~ BAE SRR G 8 B A - THEEM
FHEH(Top Cell Material) ~ &5 = {# & A1k (The 3 Cell Materials) ~ J&5 & & 4k (Bottom Cell
Materials) ~ £ (Substrate) ~ x#E#2 M (Tunnel Junction) ~ S & UCHC (Lattice Matching) ~ &1 [E
#H(Carrier Confinement) ~ St:1-fR i (Photon Confinement) 5z HAt » 4[1[E] 23 FiR - 487 » Bfg s
Jsc ~ Voc Ml FF A A SE Rl RER KIS B - (RS REVE B « K3 - girkmiigRmet
{EAYESUE ~ PR ~ 30 B E DR - SRS BER AR BB AT 2 5
(B - AR CPV By e K F5 Bt R isaH 2 AR BUSEREREE - A&l 24 - CPV 54 ~ %
GO AT HIEUAE USD 1.3/W ~ 3.1/W If > S8R AIKIAE 30% ~ 25% o ARAGRIEARIEAH « Za8ehk

& USD 0.5/W ~ 1.2/W > %% 40% ~ 36% 7512577 - Dr. Yamaguchi 174 s A5 8t AR 1

% UH



TS > HATE R =5 ~ VOB KRS St AR T AR F 44.4% ~ 44.7% > RARAEHTHY
HI-V/Si F1E RS ~ TIREAIKIS M - CPV K5I ERFTEAERY =L T - &
B CPV i i# 50% 1= 34 K5 Bt 2 AT FHIARY - 58 CPV Rl Ry KI5 RE S BRI B 15 H Al 157y -
PUE T2 I Em LSRR AK PVSEC-25 YRR -
(\) KRIZREESERIARIK

2010 /9 H 16 HEREEYIHIFE 79.2 (87T » LAS#ERG (CIGS) ik 2 mmiE B K5 A
¥ HAFR  EREEHEEERE T T ) AURIGEERTEEE - AN 2015 42 8 H 25 HESR
HRIZREEE - RHFRN - GBEEHRE T LEREATHERIIGME » st 8 FH
ISR A 40 57T - PEEREIRREIRAVC R ZEM - EEEIREERIGREEER T IAINEN
) HEGHEENRDIAESIN - N RFEARTERR A KGR A RIS - i e Rl R R
TIZRER BRATFHY Q-Cells 24 F] » it 2012 4 4 H FREEMEE (R » o] KIS REE SEATIZ T - (B4R
Bt 0 2015 £ 9 H 9 H » BN RE R4 (Australian Renewable Energy Agency, ARENA)

i

il

FOBUNE A EIA 75/ F](Clean Energy Finance Corporation, CEFC)## USD 350 & » AR
B RIGRESRE - BB 10 [HAIUKISAEER - HAVZ IR 8E A BH S A RO
HZINEH - KIGREEELLRNR - EHE - RAREEKEE T -

filim SRV EIAR o NRHY A ap BLERET - G ARTERYEE - ISR R E ISR
RGAHAUTRAE 2014 47 12 H 1~-12 HEVE EE S (Lima, Peru) & BERY S — T S BI4H4Y
RMEEIE A G (COP20) - FEMRIEEIR 2= 308 » fi58 1 (E AR S BERVETR - FRoCH 1997 /0
J7> 40 5% 2014 1Y 480 ZAhk - ARERAACTAIRIRVREIRRHZ TR D » sk RE TR RE
L GIREE - W15 2015 FRESEREIEE S 21 REGEYTTGH#(COP2L) i (RHGEREE) &
11 Régyerssk - AERAMERE - REETHES - SEEEEEDR BRI
[EIRE o dEE MG COP21 i By " Fefe —(EHRBOMBRAVA (B E | - [Nt 2 i 2 B
HASHN—E - EE (FEREE) KL 2020 F51H] - BlE R 2 as M m B A AEROIN
PR LEUC CRAGRE S ) BRI (LA 2100 G BRRUR A & BT 2°C -

FHE - REKIGREEE B R EZERE M PR - 2 FIEE E A BRI E - A
HI{EFE H 2014 47 6 H{54H 114 S=oTcal N - 5] 2015 47 8 H4R&ymiGra &N & (WT ) JF 0
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(RS TP S T BRI AR 40 55T - 1f 2015 4= 12 H 11 F WTI FUHRY 2016 4 1 HEIEER
Bk 1.14 55T > WAERFH 35.62 5571 > Ky 2009 £F 2 H LIZRAR(B/KAE - BERIGREAE SR A E R
AYEEE - 0 B SRS REIRRED - 4018 > BORMEMIR I MEERIE) - SERIGREE RS
T ISATRI 2AC AR - i A S AR R R ST & - KPS AE 38 EERCARIR K - SEEIRETHR
Hl Sunshot 5HETHET 248 EHE - &b 1980 FFAVE FL 23 27T » &% 2020 FFE 5L 1 =0T » K5
REREAH MBS NI AE 2 AR - 2009 AR - BARH(ERS I T 174y 80% - S RAIRES
RESFEEAALAA - 1 2010 4R 2014 Rk Fs—=F o b5 S PHAAR(EASE Rt NE#E i 709% - 1L
2010 4F 3 HAYEL.95/Wp RIEF] 2015 4 10 HHAJE0.58/Wp - /N FIEEZEH R (Utility-scale) KPS AE
HZEERA > A4S N IEE(4$0.09/kWh » TEARXHYAREAR - RASKIGRE S 8 H ML (LIRS
FSRASE AT LUBERAY > AL T 5 —Euth s 22 2B 4E P8 (Grid Parity)/g& o] LATHIAHY  fERASH
FHSZHIEMT T > A RERIGRE S T LSRR M - HALAIRrHY R RS IR RS - SRR (S
s ~ (BT - EimBIRF B TR AIAESERTRE ) - HREIE S G AR - fERR (RS
HERAHYEIRS - AERER A AR N ~ RS RERBEER IS LA -« FRELAKES RE AR EA]
FHRCABIH B AE: - KRR i 4 - B A P S - IRTTEMTINEE - BURFth eSS E)
KIGREESE ~ R ESEIEEECR - LB Z4g - K 1 R BB S & Bl (R0R = 5%
[ R AR AR 2 (E ENER B 2 > S8 RS ReRila 22 M S Rt T R 25 IRy H AR -
(1) 2050 FERFRRERIR AR TR

RE5H SEMI K5t EZ B & K& e IR lo 8185 4H 4% (Crystalline Silicon
Technology and Manufacturing, CTM Group)#£ 2015 4 7 H ¥ 2 BIFE ¢ IR 5 fig i [
(International Technology Roadmap for Photovoltaic, ITRPV)2014 Results &} 887 > FEIE EIPEEE
Ji % (International Energy Agency, IEA)TEH » 1EARZK =4 PV fEZ-45 2 R &l iH 60 GW - F|
2022 Fg = 80 GW > 2030 444 By 220 GW - 2245 & N[5 > 2040 4 F 150 GW > 2050
R 100 GW - IEA FHGREK PV RiEZ R 2 2050 F5RE 4.7 TW 5 Hoor i S & Rl

£ 16GW - EE]E 0.6 TW » REE/ENE/ATME 2.3 TW » BIOM/ H AR &2 0.4 TW -
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"R TR EAEIE ) RS H AT R BRI RE ARV I o K T HRORET - SRBOSHIELL

Ry HHEER - KEGREESRATUE —THIER HOHENESE - 28 - P HgEE
EERRIGREEFRE NEANES  BHERMAREE S - DIEITHIAE « IS E - &5
HROE ~ RAEHIALY - ARBHSRIGREESE - A4 BZBIHTRE - A 2e s -

Zjl1 PVSEC-25 HYESRA |
(—) SEEENAFARER - FFEHRA T RERE TR

DI A RERACHU AU B A Bz e 38 B (583, PR AETRZ (IEA) ML Bk PV BRAZEE
B 2050 FERFEE 4.7 TW o B RIGRESE TGN - BEREMAFEE - KIGRETRHIE
flabr 7 AIEETH G ~ AR EE ~ TGRS INAli e AR e St o (R R E T
Bl RN IE KIS RE 35 BEEFh 4 I - W KIS RE TRAIR g (5 I EAR - LIS A B - BETRED
(DOE)2013 4 2 H#zft National Center for Atmospheric Research fyHH 3 54t 400 &£
7T > BHE 36 /NRFRFSRE TR o - H BB PSS A B AL RIS RETRNIEMT - 1M EIPE _E{EREE
(RIS et FE R R I RE FUATEDR] - 82500 e AR TR TR AR K » BT KPS RE 2% SRR
CAMEE 2R - M5B RISRE IR - fMmkd - &~ RITFHHIRER - ©AEVDEER -
FeECEE L 8 4P/ H RS EANG - mIERse KI5 A TRNIHY IERENE - Hly BB FTistssE
BIIEE - AR ARG RE NG -
(Z) BRI - REARREERER

KIGRETRRIR S &5 - FFEEAEN - &1 - B L8 - REVEL - fistE 7|
KRN o HATZOT b e Bl A aERE =0 NE - BEE I B dmeUHERS - BIR AN BAVARE
FRAXBIEEK - AA BIEIEgE RN - BEEREEE - FrEHa T RIS RE EE R B
flr » AAHIEFIIERINE 25 - RITERIEE - A% R psssis S Rt 71 - HAmistE
iR T E BRERZE SR ~ B25E R » SCHLOMS  ARER M B A e 1 R R - AR A
HIREAE KP5RE A ~ KEFIT Z Ai/EEE T - DR EFRERARE) -

%14 H



(S) EEBRERERER - HERGRETENEES

H AT AT 3% 2 KPR UM > A5 Ry R H1(6~48 /INEs) ~ (30 s 22 6 /]NE) »
FIHARO 73#) ~ KAIAERERERAT K2 RZE I & - RIS PRI
WESR & HEHBE R AT » Bkt 2 RIGRE TN A e la < tE5h > B
AP GE IR 5B FZE MTSAT 2 REFHAY A ROESTER  #Efh a8
it K2R & - AR R Z UG ERE - DU G a RO R A 2 &5 b
s BUEAE R B E RHE A AT UG B > EEE A EIRF RS E b (K P 2 RZE RS E -
ERHRERT AR R 8 S ik 2 P4 ISR R B NNEE R} - I KIGREE R
P 2 o il R PR AR SR R A R Py SR 2P 2 RZE H A -

KIGRETHNLE B - (RAREIRFEEATRT B S & - T RIGRE TR -
FRELLHHI KGR KR E R - AT ERRERE 8 (HF /M RSB - Ho LUz
FrE TS T AT ekae R O (RIRER TS O U R P RE 3 d R di) L IR B RIUER 5%
R o AP RZEHATE - ERHIEONI) ~ FRE ~ JRE ~ R~ SHME - JEEE
JE\FFER - B 2009 FRESFOCRIKIZRE R ERES R E R E R > HEH
MO RETENREMEE AT - A T AEEREE (R Bt BT B RS RE S TRV & -

ZHHT HRIEAEARATRE R &S —ERZE R GE R E - DRI RIZRE TN © &
M e B ER IR &R - EEXERaa RIZRE TRNIMEREE - RF 2016 SEAER TR FTekaE
AL HEEE-ERZERNGE o N Az @B ERL - LS - AR - M a8
KT BB SRR E R ERER > KIZRETHNEET IR —ARH R o R RRFEZ R
PaRe OIS > LU E R PSRE S8 BTN » 5HE P& (@ RZEREE - WRF 1~ K5
FESRERBLR R BRI ~ BN 28055 R H AR » MRS R e s U R R AR
SEENRAERM - SEERE - EREZGHERE -
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Optimsation of Land e for Mt rackens
"y Given Geomtricl 1o Condtis .

5 MR ALEL SR (2015 42 11 H 19 H)

. 1%
- Australia
= China
- Germany
= lindia - CSi
- haly i
= Japan - SI F
- Korea = CIs
= Malaysia
- Mexico " 0sc
« Netherlands = PRV
« Norway
= Qatar = NMD
= Singapore m GAS
= Spain

Sweden = MsI
= Switzerland m RES
- Taiwan

Thailand = PMP
" UK
= usa

Total : 679
Total : 679

6 ~ PVSEC-25 &~ 571f
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Installed PV Capacity as a Percentage of Total

Trends Shaped by Policy Boom/Bust Market-Based Trends ——»
100%

90%
80%

T0%

a0 [ European Dominance
b European Dominance Emerging Markets

and Diversified

40% European Decline/ (Comii
Rise of Europe Rise of APAC

o N. America
Contracts/ Europe
ﬁd:;tgrs in Strikes Back

Europe/Japan

0%
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014E 20M15E 2016E 2017E 2018E 2019E 2020E

w Eurcpe m Agia Pacific 1 North America Latin America Middle East Africa

Source: GTM Research Global PV Demand Outlook, 2015-2015

7 ~ PV M35 oKk K 2288 5 15 (2001-2020E)

1976 1986 1996 2006 2016 2026 2036 2046 2056 2066 2076

5000 4 400
4500 - W growth to 1.6TW (ROW)
W growth to 0.6 TW (US)
growth to 2.3 TW (PRC/IND/ASIA)
4 .
000 growth to 0.4 TW (EU/JP)
* shipped modules{historic data)
3500 1 # ITRPV forcast
* anual market [GW)
= 3000 + o
2 2
O 2500 - S
2000 A
1500 +
1000 +
."‘.
.
500 + ~—
-
0 % 0

1976 1986 1996 2006 2016 2026 2036 2046 2056 2066 2076
Cumulative installed module power calculated with a logistic growth
approximation for various geographic regions - Europe-Japan, China-India-
Asia, the US and the rest of the world (ROW). The figures are based on IEA

prediction of 4.7 terrawatts (TW) of installed PV by 2050. [Image source:
ITRPV]

8 ~ IEA FAL =R B AR IFHE £ 2050 FFf2E 4.7 TW

(http://www.itrpv.net/Reports/)
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LCOE [USD/KWh]
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Fig. 35

Calculated LCOE values
for different insolation
conditions. Financial
conditions: 80% debt,
5%/a interest rate, 20-year
loan tenor, 2%/a inflation
rate, 25 years usable
system service life.

Source: International Technology Roadmap for Photovoltaic (ITRPV) 2014 Results
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Area : Wafer-based Crystalline Silicon Cells and Materirfrli;(VCSi)

Hanwha Q CELLS has mass production line over 3.5GW, and produce multi-
crystalline Si solar cells.

:2015-280W module  2019-320W module targeting
R&D efficiency 20.7% is reported in Q. ANTUM cell.
[Keynote, Hanwha Q CELLS]

25.1% of TOPcon cell is reported with excellent fill factor(83.2%) and
Voe(718mV). Different layers including MoOx are suggested as carrier selective
layer for next step. [Plenary 5, Fraunhoter ISE]

Tandem structures with Perovskite solar cell and Silicon solar cell are researched.

21.2% of efficiency and 671mV open-circuit voltage of n-type back junction
PERT solar cell with plated Ni/Ag contacts, ALO; rear passivation and screen-
printed local Al BSF on industrial 156nm n-type Cz single crystalline silicon wafers
is reported. [CSi-1-02, Hyundai Heavy Industries]

BEXCO, Bsem Keren é PVSEC-25 & GPVC2015

13.1 ~ &Y (Crystalline Silicon, ¢-Si) P& R AR 34 (1)

TS A
o Bl Power
5;,m//jﬁf L zﬁ"‘iﬂf» =

Various TCO and Si based intrinsic and doped layers, metal technologies are
adapted to reduced the parasitic losses in heterojunction solar cells. Panasonic
showed 25.6% HBC with good thermal stability and Kaneka reported 25.1%
efficiency Cu metallized heterojunction crystalline Si solar cell.

LG electronics has been released a 300W high power solar module using n-type
solar cells. 320W high power module is introduced in the market.

Ingot growing technologies were presented that Oxygen concentration and pulling
speed act as key factors in minority carrier lifetime of n-type ingot.

rtoiirn oo é» PVSEC-25 & GPVC 2015

13.2 ~ &Y (Crystalline Silicon, ¢-Si) KPR R RH 342 (2)
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Area : Thin-film based Silicon Cells and Materials (SiF)

For pe-S1:H thin film solar cell, 11.8 % of mitial efficiency was obtained. (AIST)

For the tandem structure of a-S1:H/ pe-Si cells, 14.8 % of initial efficiencies were

obtained using modulated surface texture. (TU Delft)

For triple junction of a-S1/ pe-Si/ pe-Si, 13.6 % of new record was obtained. (AIST)
In a pe-Si single cell, - a-Si buffer layer was inserted to enhance the current density
due to lowering the barrier for collecting carriers in n region. (Nan kai university)

For BIPV application, a-Si:H and a-SiGe:H transparent solar cells were fabricated
and they show over 7 % of efficiency and 30 % of average transmittance. (ETRI)

In the fabrication of a-Si:H transparent solar cells, the ultra-thin transparent electrode
has been employed to embody various colors. (ETRI)

For a-SiOy:H solar cells, record initial efficiency of 8.4 % was obtained with

absorber layer of only 100 nm. (Chung-ju university)

BEXCO, Busom Koren & PVSEC-25 & GPVC2015
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Area :II-VI & Chalcogenide Compound based Cells and Materials (CIS)

Solar Frontier (Plenary 8)
: Started up their 4™ plant of 150 MW/a in Miyagi, japan in 2015
s achieved 170 Wp at 1228 ecm?2 module (eff. 13.8%)

Wonik IPS (CIS-I-06)
: Efficiency of 16% (record) and 14.3% (average) for 90x160 ecm?2 sized CIGSSe
module were presented by Wonik IPS, targeting 18% module efficiency.

Ag-alloying (AgCu)(InGA)Se2 shows improved homogeneity and adhesion of films.
(CIS-1-01)

CZTS bandgap can controlled by Ge incorporation into the films. Highest efficiency
was 10.03% with Voc of 0.54V. (CIS-0-08)

The enhancement of efficiency over 10% was achieved by adding Ge (30 nm) on top of
Cu,ZnSnSe, that was attributed to improve Voc. (CIS-1-04)

Na(F) incorporation in co-evaporated Cu,ZnSnSe, was effective for flat and large grain
growth that was believed responsible for solar cell efficiency of up to 11%. (CIS-O-16)

B, e e é PVSEC-25 & GPVC 2015

15.1 ~ D-VI G ZALEPI(CIS) RIS KA i (1)
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The ways to go for realizing Cd-free CIGS solar cell with efficiency higher than 18%
were suggested mainly focusing on the properties of CIGS layer and ZnSnO buffer
layer. (CIS-I-05)

A pure sulfide CIGS solar cell with a record efficiency of 15.5% was presented (CIS-
0-17)

CdS segregation on the absorber layer was evidenced by combined analysis of Raman
, AFM and PL mapping technique. Comparion of CIGS and CZTS cases were also
performed. (CIS-0O-22)

e é» PVSEC-25 & GPVC 2015

15.2 ~ D-VI 5 2 AL EVI(CIS) RIS BT R T8 12 (2)
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Area :Organic, Dye Sensitized Solar Cells and Materials(OSC)

The development progress of molecular design strategies of conjugated polymer donor
and new acceptor materials to achieve high-efficiency [Plenary 4, Chinese Academy of
Science].

The development of polymer solar cells with 12 % efficiency and the device lifetime over
10 years by mtroducing novel functional materials, such as polyelectrolytes and n- or p-
doped sol-gel metal oxides. All-printed OPV modules with a module efficiency of ~ 8%
[0SC-1-01, GIST].

The development of the semi-transparent DSSC modules and the applicability of DSSC in
BIPV and practical uses [OSC-I-02, Dongjin Semichem].

B, B Kerea & PVSEC-25 & GPVC2015

16 ~ FHRHBL(OSC) RIS R AR T 8% e
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Area :Perovskite Solar Cells and Materials(PRV)

Prof Seok mtroduced research history of perovskite solar cells and the key
technology for the formation of uniform perovskite thin-film. For the formation of
uniform film, matially Seok group developed non-solvent dripping process and
improved the process by forming PbI2-DMSO intermediate phase which lead the
formation of larger crystalline grains [Plenary 1, UNIST].

Recent progress of Pb-free Sn based perovskite and bandgap controlled Pb/Sn
based perovskite solar cells, which can improve the efficiency and stability [PRV-I-
02, Kyushu Institute of Technology].

New inorganic hole transporting materials such as CuSCN and NiO and shared the
progress of tandem cell of crystalline Si and perovskite solar cell [PRV-I-05, Hyogo
University].

The operating mechanism of perovskite solar cells i depth [PRV-1-03, Ewha
Womans University & PRV-1-04, Nanyang Technological University].

November 15~20, 2015,
BEXCO, Busan, Korea

¢» PVSEC-25 & GPVC 2015
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Area : New concepts, Novel materials and devices (NMD)

* Uniform thin film BaTiO3 nano-particle can successfully be applied in the fabrication of
efficient perovskite solar cells. (CNU)

* Surface periodic nanocone arrays enhanced light trapping of for high efficiency Si solar cell
applications. (EWU)

* GaP Nanocones were successfully fabricated by metal-assisted chemical etching for efficient
solar energy conversion. (KAIST)

* Adoption of organic electron blocking layer in colloidal PbS quantum dot solar cells resulted
in ~ 4.8 % power conversion eftficiency. (SNU)

* Non-radiative energy transfer rate from the quantum dots to GaAs solar cell was achieved
using quantum dots as light-converting material. (KIST)

* ALD ALO, mterlayer in planar hybrid n-Si/PEDOT:PSS solar cells increased PCE upto
11.16%. (HYU)

* Embedded metal NPs in PEDOT:PSS for Hybrid n-S/PEDOT:PSS Planar Heterojunction
Solar Cells enhanced the light absorption. (DGIST)

BEXCO, Busem, Koren é PVSEC-25 & GPVC 2015

18 ~ ¥t (New Concepts, Novel Materials and Devices, NMD)#%; fiir 5% 2

%25 H



Area : ITII-V Compound based Concentrator and Space PV Systems (GAS)

* There were three oral sessions and two poster sessions. Two invited talks were

a new method of growing InP crystalline layer for InP solar cell and an overview
of ITI-V on Si solar cells.

* The technical topics most highlighted were a new trial for 5 junction cell, II1-V
on Si epitaxial growth techniques, and CPV module technology.

* Discussions after each presentation covered the importance of commercial
aspects of CPV technologies including the cost issue when develop a high
performance concentrator optics and the reliability test criteria when developing a high
performance multi-junction solar cells.

« [II-V, CPV technology and products are confronting a mission to be fulfilled

as the energy supplier to provide a solution adequate even in a worse environment
than the conventional PVs. More compact size of land area availability or a higher
temperature for the reliability test is an example in which CPV and ITI-V systems
should be competitive.

¢ [II-V and CPV systems without exception should give the customers benefits
technically and economically when they choose them. And in the sessions,
constructive interactions among participants and speakers occurred and it revealed
potential work items for the future study in this research field.

BEXCO, Busam Korea é PVSEC-25 & GPVC 2015
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Area : PV Components, Modules and System(MSI)

FREA(Fukushima Renewable Energy Institute) launches world’s largest facility for testing
and developing power conditioning systems(PCS) for the mass introduction of
DER(Distributed Energy Resources) at April 2016. Its facility consists of four test beds(Grid
connection, Safety, EMC, System Performance) [AIST, MSI-I-01]

Study the 350kW PV system performance and the energy monitoring yield under the IEC
61724 standard in Thailand, and FIT policy and economic analysis of each scenario.
[Magjo Univ.MSI-0-03]

New modeling and simulation of BIPV systems are reported.
: EnergyPlus and PVsyst building energy performance programs.

[Kongju Nat’l Univ. MSI-O-10]

Effective tool for calculate the thermal efticiency of PVT model. [UNSW. MSI-O-11]

BEXCO, Bucon, Keron é» PVSEC-25 & GPVC 2015
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Area : PV Reliability and Standardization (RES)

Excellent comprehensive mtroduction and root-cause analysis of PID degradation.
[Fraunhofer CSP, RES-I-01]

Correlation Study between Material Degradation Behavior and PV module Performance
: Experimental tests of Material Degradation Behavior and PV module Performance and
get the mathematical correlation analysis. [Underwriters Lab. RES-0-02]

Development of S/W simulation tools to quantitatively connect the lab AST data and field
performance data. [Yeungnam Univ. RES-0-03]

On the standardization for EH&S Risk Assessment of PV, new working items proposed entitled
'EH&S Risk Assessment for the sustainability of PV module manufacturmg (KTL, RES. I. 05)

Introduction of combined PV module and Heat system
: The system removes heat from PV module through air or liquid
(Kongju Nat’l Univ., RES. I. 06)

Investigation of the hysteresis I-V curve measurements at various sweep speeds and conditions
on Perovskite solar cells (AIST, RES. O. 13)

B, mreon Kerea ! é PVSEC-25 & GPVC2015
21 ~ AJSERE SRR R(RES) R i3 e

Major losses of III-V compound solar cells.

Losses Origins Technologies for improving |

Non radiative recombination

Bulk recombination centers (impurities, dislocations, High q?Lah'.}' epna..l\ual growth
loss Reduction in density of defects
other defects)
Surface passivation
Surface Surface sates Heteroface layer

recombination loss
Double hetero structure

Lattice matching

Interface Interface states Inverted epitaxial growth
Recombination loss |Lattice mismatching defects Back surface field layer
Double hetero structure
Voltage loss Non radiative recombination Reduction in density of defects
ge Shunt resistance Thin layer
. . Reduction in contact resistance
. Series resistance ..
Fill factor loss . Reduction in leakage current,
Shunt resistance . A
Surface, interface passivation
. Reflection loss Anti-reflection coating, texture
Optical loss . . .
Insufficient absorption Back reflector, Photon recycling
Insufficient-energy . . A
= Spectral mismatching Multi-junction {Tandem)

photon loss
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Key issues for realising super-high-efficiency multijunction solar cells.

Key issue Past Present Future
Top cell materials AlGaAs InGaP AllnGaP
The 3.rd cell None Ge InGaAsN etc.
materials
Bottom cell materials | GaAs Ge Si, Ge, InGaAs
Substrate GaAs Ge 81, Ge, GaAs, metal
DH-structure
Tunnel junction GaAs tunnel DH-structure InGaP T1J. DH-structure InGaP
. . or GaAs TJ
junction (TJ)
Lattice matching GaAs middle InGaAs middle cell (I].])GBAS
cell middle cell
. Wide-gap-BSF
Carrier confinement |InGaP-BSF AlInP-BSF Quantum dots (QDs)
Back reflector
Photon confinement |None None Bragg reflector,
QDs, etc.
Inverted epitaxial growth |Inverted epitaxial
(epitaxial growth from top |growth, epitaxial lift
Others None cellto bottom cell layers | off (Peeled thin ﬁg%l
on substrate) off technique)
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FUTURE DIRECTION OF CPV
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H. Sugimote, 2013 Annual Workshop on Multinary Compounds and Selar Cells, (JAKA 2013.11.22)
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