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Cells with Three Terminals” LB L T, YL —F Uik & {To7/7=, ZTNET, Si Fiftk
NELT, Ny Zarvy s MMEEERMA L, 4 Wi 7O GalnP/Si 2 #:4 . GalnP/GaAs/Si
SHER XU T AKREEMT, K45, 21F 31.5%, 354% % ER LTS, AlEl, 4 b 1#
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HEMEAEEFEHRL Voc, nrad) ZAEEF %2 (external radiative efficiency (ERE))
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(M. Yamaguchi et al, Prog. in PV, (2017) (to be published).)
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(V0c=0.939V, Jsc=31.15mA/cm®, FF=82.6%) DOHIRTH V., 7/ U4 ¥ KEBEMIL. R
BT D, T TAYEEICIY EXHFHBIIRB I, /U4 PEEHRAICLD,
AREHESICER T2 HFENEESCRACLI2BEERBEAMRELEEZE 205, LiL (4)
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(1)K. Yamamoto (I3 #) iZ, “Record-Breaking Efficiency Back-Contact Heterojunction
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MOBFFEBA IR AR AR STz, 0144ED /T Y = 7 DRy 7 a2 X7 ha~T oA B
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Jsc=43.6mA/cm?, FF=89.2%) IZxt L T, FFO L ENRHRBETH Y, FFOKEIZ LY, 2%
27 1% MW AlHE L ik R 7=, BEHEEIX, -0.26%/C T, ~Tu#EAKBERLLEFASETHD, =
o, AXTARXEMEOLFICELD, HREEET Y 2 — V23R 24.4% (HH13177cm?,
Voc=79.5V. Isc=5.04A, FF=80.1%) HEH L TW5H, TV 2 —/LDH LW RIL, KELL



H19H ~24H ., KHETHE T E DPVSEC-27TT., XK TELDETHDL, KEFEDO A T A
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(2) I.Ceser 5 (ECN) IX. “Pilot Line Results of n—Type IBC Cell Process in Mass
Production Environment” (LT, L —F VUi %A21T>7=, ECN, Yingli Solar. TEMPRESS
DOILFRABEORR TH DNy 7 a2 27 kb (IBC) bifacial BlE/LEY 2— /LT, EEE, K2 X
NI D L OTH D, ITRPV IZ K uiE, 2027 4R120%, #Edh Si KB 30% 2%, Wit /LT,
bifacial factor I%. 83%LL ETH B, n B PERT HifliZX— A2, 6 £ »F n B CZ v =~ (180
~200u mJE) & HW SINX Eii/$y v _X—3 3 v +AR, ZHERE . n i~ — =g BBr3,
POCI3 ZH W/ I v ¥EB X O EmER(BSF) B, SiNx ZEH/{y > X—3 3+ AR,
A7 ) —HIR, fire-through Ny 7 3% 7 b Ean Tnb, Yingli © K&EEE
PANDA 4AFET A ' TRIEINTWD, 2016 5 UMK, 2% 193% 7 >N, A ¥
JE—va o BICLy, HWUMEH R, 205% (HfH 242,8cm’, Voc=657mV
Jsc=40.4mA/cm2., FF=77.4%) % EWR L7z, Ml Xy X—Ta V' EoKBICXLV ., 2017
A U HIOR . 2R 20.9% (R 242,8cm?, Voc=663mV. Jsc=40.5mA/cm2, FF=78.0%)
WCESTWD, IR F — Dk, BSFECERHZI v XREDT 4V L —v a3 %
L0 BE HFE2206%DORNTHD, 2RILET YV U 7L HERMITOMLR, 44K,
NHFE 2% ZERDORLBEBLTHD, 2 ¥ 7 MEFLOKR., =% 7 &g o fa i % IR
NARE T, 80um 7 4 H—, >500um®DYUA KBSFEOEMIZE V., %= 23.5%. 40
um>Z 4> H—_ >300um® BSFEOEMAICEY ., E 23.7%., ODERORLEBEL TH D,
NV F UL Y ENCBEEENRy 7 — FEHWEEY 22— bbb BRI EDETH S, T,

(3)R.Russell 5 (IMEC) I'%. “Simultaneous Fabrication of n & p Contacts for Bi—-Facial
Cells by a Novel Co-Plating Process” &L@BEL T, 'L —FTViEHEAEITo7=, Cu’L—7 4
YTt R ER—R L Ul RS S KEEEIZIB VT, = A & (LCOE) RIBUZ M, n,
p 2% 7 FORFIE & Ag I EOHIE (<bmg/t/V) Z H$EL TS, p-PERT, n-PERT, n-SHJ
DT NA AEEIZBT D ¥ 7 MEROED 5 ST 5, Ni/Cu @ light induced plating,
field induced plating & HEEHRFT STV 5, A1203/SiN, Si02/SiN4 DFEH., HEH /Sy o _—
g2, BLOFEEENER 22. 4% (Voc=691,2mV. Jsc=40.4mA/cm2, FF=80.3%) . XA k& /LT,
ZhE 22.9% (Voc=694.2mV, Jsc=40.5mA/cm2, FF=81.1%) OIRW T 5, BV 1 7 LR



CHEiEmERBRERLRE SN, S5 5%EAXHE L T, PERT. PERC #i&E& /VIZES
LT, NI/R—=FRY Siarsz27 +t, BafshTnsg,

(4) W. Kwapll & (FhG-ISE) %. “Understanding Light-Induced Degradation in
Multicrystalline Silicon: Possible Complex Formation Mechanisms” &EL T, 7L —
T U EZAT o7z, Zhidh Si KEGEMO MR 5L (LeTID)BE RICE T 2 Bt R 2,
WEINT, EFHESIT, n B SiTiIx, B2 53, p A EAEs Si. CZ-Si. FZ-Si T, &
25, VIarOXRMREDOERIZHDLDMBER A D= LOBMEEZREICZ L £ 3, RE
AFME E I EABREKRGFNE, 74 PV I Xy BURARENL, KfaOmEREDZL, Y
U 7 O i 1% W FE & TR MR L = 2L X — (0.94eV) BR D LI T D, SiNx:H J8 o fast firing
T, KMaREME{IE LS <. B-O XK=< Cu, Ni, CEoORMMEERTH AR, ZH (V) -H
MHaBATND, S%IT, FZ-Si T, SORIMPEZEDDLILOFETHDL, KAREDO A
T4 FELTH, MWl EHFETWND,

(5) D. Amkreutz & (HZB) I%. “Influence of the Precursor Layer Composition and
Deposition Processes on the Electronic Quality of Liquid Phase Crystallized Silicon
Absorbers” EEELT, L —F UilHETo7=, 7V 7fkeh Si KGEMO 7 0t 2 TROEM
S, T A MERO BRI 50728, Kerfless % Si OBFFRIRIABFEI STz, R D 7 A B
WELTAR [T NI ) BERE T T AHER EICTRHE, 512, a-Si/ne-Si JERHER S, O ¥
BARL—PROEBEFE—LREOTA RO XX —JEE H WAk (liquid phase
crystallization) 2372 &4L, 5~40um JED me-Si BREHK SN D, BEIGH ., BACHEE
RBglcmz, CRORES &L, PEF v V7 HFmiEL, 05~5us Th D, a-SitH(i/p+) B
LU a-SitHM#EH Wy 7 av ¥ 7 b ~T7ue#EAKBER (EX 13um) OHEE
10x6mm. 10x1mm O &)L T, & & . $h=E 14.2% (Voc=654mV, Jsc=29mA/cm®, FF=75%) . 15.9%

(Voc=650mV, Jsc=31.7mA/cm*, FF=77%) B3G5 TV 5, HEOEME(LS light trapping DUk
TICLD, 2% 18% (Voc=660mV, Jsc=36mA/cm®, FF=76%) 23A[HE& LT\ 5,

(6) Z o, FhG-ISE 1Z. 2x2cm® Ot n B Si KEEM T, == — L a— R 22.3%
(Voc=674. 2mV, Jsc=41. 1mA/cm®, FF=81.6%) %k L=, X 81T, Zfidh n A Si KEFEh O
CRMEE IR, KREFEDOANA TA FELTH, BVl ZETW5,



2nd Fabrication Run of n-Type HP mc Solar Cells -—
IV Results ~ Fraunhofer
ISE
Vi I, FF pFF n
(mV] | [mAlem?] | [%) &0 (%]
674.2 41 B0.5 B1.6 223

) genified by Fraunhofer ISE CalLab

————— " %04 727 O Apaen A

Ttumnel oxide * P-doped (he lim)

m 2 cell batch

®  Applying of .lessons learned"” in cell fabrication

B Same material as previous solar cells

> New record efficiency of 22.3% for a mc silicon solar cell

2D0.3.1 Approaching 22% Efficiency with Multicrystalline n-Type Silicon Solar Cells
1. Benick et al, Fraunhofer ISE, Freiburg, Germany

- European [
3 Commission

8. ZhEfh n B Si KIGEH oS & 5k (N. Taylor, 337 EU-PVSEC D ~NA T A )

4. 4 EBEKRKBEHMDE :
(1) V. Bermudez & (Solar Frontier) (X. “Present Status of Solar Frontier
Cu(In, Ga) (Se,S)2 Record Efficiencies and Overall Progress” L RE L C. EHBEEZIT

> 77,

CIGSSe solar cells

o Camrent | mh
L)
-
I
et

Lnintiong Pser | i

) .
4 .
= Fraunhufe’: t '.' =2 fraunhofer

P

. *
o o o PN . P " " 1
o 100 200 300 400 500 600 WO 800 ] 100 200 300 400 500 600 00 8OO

lparessny Viekage | i Soamang Voltuge | =id

1% buffer | 2 buffer (ﬁfi (.ﬁ) (mA]Sccm'?) i
previous WR | Zn(0,5,0H) Zn0 209 685.8 39.9 0.765
Cd-free WR | zn(0,5,0H) | (Zn,Mg)0 22.0 717.0 39.4 0.779
new WR cds Zn0 22.3 721.9 39.4 0.782

PASOLAR FRONTIER

9. IR &%= Cu(In,Ga)(Se,S), & /L ® Pk (R. Kamada et al., 43" IEEE PVSC, 2016)
V—=F—=Tuarr47E, TNET, Cd 7YV ="y 7 yE, F£m S-rich, 2@ Ga-rich
O _HE EgMEAE, ZnO:B BRI OMFHZ LV | & Isc b & I1E D | 2014 FITIE, 2= 20.9%
(Voc=686mV, Jsc=39.9mA/cm*, FF=76.5%) Z#FEB L T\W5H, 5D 43rd TEEE PVSC Tix,
m Voc b DT 7o —F 3t Shvic, JEWRINE O K-PDT LB & 7 = — v O PR F 23 70 &
. AERZ2 LD Voc=665~683mV 7> 5, 695~706mV (ZkFE SN TWDS, (Zn,Mg) 0 DF —
Ny 77O Egififibe I, @ Voe, BJsc #HELTWD, MR T LHIIZ, HF
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0.5lcm?> @ CdS/Zn0 —E N v 7 7 @ L O 7(0,S,0H)/(Zn,Mg)0 —E N v 7 7 &
Cu(In,Ga)(Se,S), /b T, % % . %1% 22.3% (Voc=721.9mV. Jsc=39.38mA/cm?, FF=78.24%) .

22.0% D FE AL O @B RPN ER SN TWD (FhG-ISE BE) ., £7-. BHEHETITH
LM .CdS/Zn0 ZHE NNy 7 7 EEB LN Z2(0,S,0H) /(Zn, Mg) 0 ~HE N v 7 7 J& Cu(In,Ga)(Se,S)
T, Kxr, E27%. 228% LB TNWHEDETH-T-,

2 A, 30 cmx30 cm(841cm?)® CIS ¥+ 7€ Y 2 — /L T, %1% 19.2%. 7cmx 5cm A XD
1= EVa2— /LT, 19.8% OtAKEHRNHE Sz, 2020 I, 200W E Y o — L
DO Z TEL TWD, KEEMRerEm Elzmid, 4 Eg (1.08eV) CIS FH A E & W I E |
KEgEOILK, ZH TCOE., BmE g® ZnMgO 55 — Ny 7 7@, T/ 0 VLR Yok
BEOMWEBEN, BRI N->TWDE, TAHVAEICEY, DXy U T7Hmb 50ns
MDD 182ns I E S, Voc #C D72 > TWb, Lhisdh Si KEBEH Iz T, HER
BHELEBEWEDOETHDL, XA FDOEE LT, -0.23%/CHRELNTWVWD EDHET, ~T o
A itdn Si KIGEMOIREMREICILE T 2, KREFEONATA FELTEH, MW &2 45 T
W5,

(2) P. Kratzert & (Solibro) IX. “Total Area Efficiency at Commercial Size CIGS
Module” L C., YL —F U#E%A1T>7-, Solibro X, 2003 FE|ZF . &, B A&
X, 300MW TH D, EY 2 — /L2 H 2010 4F 4 H OFEHHFE 10% (RA K 11.7%) 6,
B DFEENFE 15% (XA B 16.5%) ~E®WHEINTWNWD, lem* BT, % 21.0% D
W TH B, AH. CIGS ROAEEHMICOVTORMEESRESNE, 1m? TV a—
JLC. total area Zh =R 16.0% (7 X—F ¥ = U 7T %hE 17.0%) BELN TV D, ¥ — MEHL,
A, dead =V 7EI A, B Ik AR, TCO L& RE 7Y v RARLOMENRS K ENT,
BV Yy FOBEIZLD FFHRED 3%EEN TN B4, Isc D 10%HELDOANFE LT,
AZO D WL 1.3mA/cm?®, dead fEHIK DL 1.1mA/cm?, Ef Ik EE O WL K OV K18
1.1mA/cm?, ST b, 30x30cm? OH 7 E V2 — LT, BAHETIEHDIN, T
N—F ¥R 188% N EF LN TS, 72, 0.94m> £V 2 — /LT, 17.6% N HE LA T
HEDETH D, 5%IT,EY 2 — O KEMA (0.94m*—1.88m%) & it | /) 140~ 150W
TV a— A5, 300~320W EV 2 — Nl oR TN EE o, KEFED AL T A L
LTH, MWl 2&Twn5,

(3) J.R.Site b (Colorado State Univ.) I%. “Enhancements to CdTe Cell Efficiency”
LELTC, Vv —F VEEEITo7=, 9. First Solar tLDRWMARE S =D T, HilE
2D D. Weiss & (First Solar) (2 &k 5. “Delivering on the promise of thin-filmPV”
LT 5 CdTe KGEM, Y2 —MIZBT 27— F VEHEZRBTT 5, CdTe K5 E il
ORETFETO CO, it tH & iX, 14 C0, g /kWh T, CIGS, Z#Esh Si KEGEM DK 4 17, 19C0,
g/kWh T, AN THDHZ L, KEBEBMEY 2 — /L0 BEHMEEIL, 1SGW TH VY. HT A A
A B 1T ANV OEFERRBIL, 3.5 KEHLLFTH D, 0. 72m* /N2 B 2. 4n* /SR L ~D K
HELICBITR CTH D, 2015 F12iE, M1 0WCR_"T X912, BL#h®E 22.1% (Voc=88TmV,
Jsc=31.TmA/cm?, FF=78.5%) . [if 0.7TM*E 2 — /LT, 7 _X—F v 2h % 18.6% % FH L
TW5, CdTe KEFEM O @mahEAbix, CIGS KEFEM & R, MAHEIZ LN X
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Yoo AN e R 800nm L E DO SR DHEI TO B FINFEOLE NI N LI TN D,
FA& BB Jsc T, K 2mAICmM? O ERN I A ON T VWD, HFaOEEHEKTYHL., &7
ROWENIELONLTWDEN, BEORFEICLS DT, Isc T, K 1mAlecm® Otk #1313
MHENTWD, £/, Cl Xy v _X—v 3 U0 EgEANHT, CdTe @O Ko/ Ny v _X— 3
RN H Y, F v U T FH o2 10ns 2258 100ns (21 E L., Voc DLEN I NS5 TW
Do dumbll EORIFEE., ZnTeCu Xy 7 a2 7 FEBRFINTWE, 2 bDKED
fE A, CdTe KFGEM T, 2% 22 1% O R g RN ER I N TWD, 7o, CdScTeix
R ROE W (1.5—1.3—1.0—1.7eV) bRFTIN TS, Skik. HiEMICEK 2 ED
BAL O A REMEB R, N7 RGO LK, Ny X—v a3 F—E U 7HEDOBRFIC
XV, t>1us, S<10cm/s, Voc>1.1V #EHTHZ LIk V., B >25% NV AIGETH D
LFE LD,

Increasing efficiencies: First Solar

FSLR 22.1%

g
FSLR 14~ b
FELR'4 Wg Graded Absorber

FSLR 13 -
GE'13u_

FSLR 13-

FSLR 12 — Lifetime

Current Density [mAlem2)

B s T Back-contact

Highest Reported CdTe Cell Efficiency (%)

Slide courtesy of Markus Gloeckler

10. First Solar @ CdTe K& i @ @& %h Ak D 28 &
(Dr. Sarah Kurtz:43™ IEEE PVSC ®/~A 5 4 |)

a7 FMNSZKTOFFERE S ®E SN/, OCIS Ny 7 7 E%E MgZnO Ny 7 7§ T
EEHz, BEEHOEFIFEEEL Jsc i, OFIEMEICE D CdTe Of b tEck#E &
Voc#E, QCuicfibr2EEHa L 27 b LT TeBORMICLS VockE, TH D, [
5 0.777cm? L T, 4% 19.16% (Voc=854mV. Jsc=28.4mA/cm?, FF=79.1%) OIR{HN Th
Do

(4) M.A. Green b (UNSW) i%. “Progress with Perovskite/Silicon and Al1-Perovskite
Tandem Solar Cells” L T, 7L — ﬂ‘Juﬁ{ﬁi%ﬁOﬁo KGHFEEBD S HRDLHEN -
R DI IE, KEBEEMDO S 6725 mERft, a2 M, RFEMIEB RO LN TN D,
1 13, EEEINIC K D LCOE 3 &~ ]\/kWh EREEOTY 2 — i T Y 2 — L3R
DhL—KAE7%RT, HEME20FENS 30, 5 0FCHEITT I EREY 2 — LK
1 7%0PH25%, 35%~EBWETDHI LT, FRINDEY 2 — LB FESLNIC
D, o T, EYa— LR IBU DX T AKBEMOERBHEFS N TV D,
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There are Many Technology Pathways

Cost and performance tradeoffs open up numerous possible pathways.
All pathways require sustained, multifaceted innovation.

$0.60 - T .
All curves represent
$0.50 3C/kWh LCOE in
average U.S. climate
3 2030 Example
3 sos0 Scenario
b4
@
P
g $0.30 + - T T 30 yr life
]
-
-]
S w020 | | /
1%/yr
50.10 / ] | | / degradation,
20 yr life
$0.00 - / / | | / |
10% 15% 0% 5% 0% 5% 40%
Total-Area Module Efficiency
Unless otherwise noted, all scenarios assume: 7% WACC, 2.5% inflation, 50.85/W V Sun Sho‘t .
system cost, S4/kW-yr O&M, 0.2%/yr degradation, 50 yr life, 21% capacity factor “ Wl Bpparimant af Snaey.

1 1. FEHEMIZKLDLCOE 3L M KWhiERKFDE Y 2 — Ui E Y = — L Z =D
kL — R4~ (energy.gov/sunshot)

(o)}
o

m Si bottom cell = Free choice 505

47.5

a1
o

45

42.5

N
o

33
29

w
o

N
o

AML1.5G efficiency (%)

[HEN
o

o

1 2 3
Number of cells

12. Si %o F AKBEMOENRAOFEEM: (Prof. M.A. Green £k, 2012 4F)

CDOXIRENREZERTDIEDICR VAR R Ve —FI, o T LB M THDH, X
121, Si 7 AKRGEMDOEDFEAOFREEL T, 2HEESIY T L, 3EASIH
VT AKBEM T, HImABREIL, K&, 425%, 4715% THY . EHMICIX, 3#EL
Si% 7 AKGEM T, $hRMN%OERPHFHFIND, 2 K. 4 58k o Fl#E 15
KW S T, BRI, N-V/ISIZ T AKBEM T, @AHENREBELTWDLIR, F
FEHE, MK A MEEZIHWE LT, a7 AhA MSiZ T LARKBER, <7 2k A b
[T A FE T A, T A4 MCISH T AKBEMICERL TS, £7,
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REOXe T 204 FKRGEMOER B NIN, 48, S0 7 A0 A4 FKEERICH
W B LT U 5 CHNHPbIBIE, 1.56eVOEEEBR M DO N ¥ v v T2 G35, /il ab kLR
TER D HF v U T HLEE (100~1000nm) Z £F 6 | & 6 WA AR 2L (GaAs i im W ORI AR $0) |
e ~6.5, BENE (FEF7.5cm?/Vs, IEFL12.5~66cm®/Vs) R EDOYIEEZHT 5, i+ o0
fEE T RAX—L, 5~16meVTod v | HEMH R KEGEM OEMEZ 7T, 20094 O &3 3. 8% 7»
ST DNR22. 1% DOEZBORIPERSNT, BIRTIE, KEEELVTORSER, FHE
R LI, METEL2LODOEL OMAEENSH L TND, Xa T A A N/SI2EAX
7 ALK T, Stanford Univ. Z /L — 7 2 %323, 6% DR TH D, 4 % 1K Tl
BEMWTIEAR VW, mAEO. 17em?® b, 1.43cm* BV T, £ & 1 25.2% . 20.5% O IR
Td b, UNSWDspectral splitting# T. 28% (0.2cm®> X7 A H A4 FE®NAT. 5%+ 4em’fl
ESit/L20.5%) ORI TH D, B HET, III-V/SiZ 5 A TlE, $1%34. 5% DIRIC H
Do

4. 5 ERERIII-VZEES, FAESLIUVFERABEMLSF -

T. Masuda® (hra X H@h®E, EHTK) . “Solar powered vehicles with static
concentrator photovoltaics” L L T, HEH S EREEMET ¥ = — /L OFIEEIF I
B 5k 21T - 7,

BIPV / VIBV / IIPV A

; S U
Solar module for automotive applications
"How to install 800 W modules? B Rosthoodce 130 m/| R TOYOTA
50 Modube o T 30% e
gga MK—————-—__. ...4..,.....,,...._.
! 30 Filen mdube
by o — ~2 6 m?
.g ':‘: m-:'::m P kwwt 25 m;-' ‘
B L g . WV cells +
0 2 40 sencentater § | + New static low concentrator was proposed for the
= aeisn oy Automotive application. ALY

1I-V cell + concentrator .;.E-FE -4 ;] :,"}:..‘,‘,: w

* Horizontal plane % [ RRLLNALANN

* No tracker 5| i Carroof | | * Prototype module was fabricated by using cutting
* No correlation sun «— panel direction g I T tool for lens processing.

f,. T~ “-« I.l;'?ij‘ub.. Uiy

[ 3 h ,
Majority come from low angles (30-60°) < [ . . "% - o \ /4
New static concentrator is required Incident angle (deg) : Characiensuc_:s of lens is in good m:fn .--__'.‘T
1 smqns agreement with calculated results. ~ . 4
4D0.4.6 Solar Powered Vehicles with Static Concentrator Photovoltaics g
T. Masuda et al, Toyota, Susono, Japan
K. Araki & M. Yamaguchi, TTI, Nagoya, Japan n European |
25 Commission

13. HEHEMEPDRKNGEMBEOLENE (£ LX) | 59K O6 AW E M B 3 O &%
ZE (ETH) . #ERGEELITITI-VEEASRGERETY 2 — VO R 5 TFX)

B4 1 312, H#H & 23R OK B i B 38 o L BEME | R B9 4 8 DK [ 7R B 58 o 0 B &
ARG ELIII-VE A KIGEME Y 2 — L ORMEEZ AT, C02=I v g Y &2KET 5
Hlich, EHAESERRNGEMEY 2 —LVORERLETH D, HAH00WAHIE, 1
H30kmAE T T 5, H800WD 7= T 1E, mAE2. 5m* DA, 25% LA D & 2h 3 K B 3 h £
Va— AR NELERDL, BHEDOCL,TI v a rOM%HIEA SN D, AEL. HLW

14



KRG E NS RGBT Y 2 — AR EEI T, 4FEXD0 L > X35 E I, 4mnfg D
InGaP/InGaAs/Ge 3 # & &/ D 3 3 B, 3 WA OEGENLT KB ERE Y = — L3 lfES
. BRFAM T, £V a2 — AR 271.6% 0™ EFNTWD, Va2 — VR FiZ. FEA
BMEOEMELE I alb—valEo—-HE2HTnbH, £, EWNFEM LY b BT
T, RWMAR O, BELEOHRELEZ 2N D, DFROBERMIT b e S, Bt A%
ARNFHRROUFEIZLD, TV 2= AR OEHDOLBELEZHTWVD, KZHEDON
A4 RELTH, BVFMEHFTND,

4. 6 PVIURTL, thee. EEMESTH (ERM. TIERTD KIER)
TopicE D7 LF VU —tvarTlE, 4 NA\OWREIZE > TEY 2 — /LORFEFEAM - 5
FAMEMAMER EIZOWTHRIED FE Yy 7 ARHE ST,

(1) TUV Rheinland Energy GmbH ¢ W.Harmann K i{X. “PV Module Performance
Characterization - Challenges from Recent Technology Advances and Demands from Energy
Yield Perspective” EEL T, AHBEH ZIT o 7o, mIEDOHINOESR OB A, = %L F —
WERORELDOBLENDPVEY 2 — /L OREMEFMIZ OV TEARN 2D HA2E2®mE Lz,
TN ORYMAIL6 DFfEHE L7z, 1. Procedures for electrical stabilization of PV modules
2 . Measurement procedure for bifacial PV modules 3. Mandatory validation of nominal power as
stated on type label 4. Importance of wavelength range and long pulse length of solar simulation,
5. Test conditions of IEC 6153-1 (G-T matrix) vs. “real world” operation, 6. Extension of product
data sheet with specific performance data)iZ >\ Tt & vz, Bl 21X, EBRAFFEICB W T
(T BRBRGRE RS, LIDOEH % 1k)° CID(E A %5 1k). TIDAREFH E H k)i & » TEAk
T, T H LB LN LM FIELMLT A ENEETH D & HH
L7,

(2) NREL @ S.R.Kurtz 1%, “Qualitative versus Quantitative Reliability Testing
of PV - Gaining Confidence in a Rapidly Changing Technology” L RE L C. EHiEEZ
Tole, AARHEIZEML TS PV OO T OFEEMEZS LK EZHRE Lz, £O
WX, EM - EEMEORIEEZ S I, BEET —XDONE, T—FD0H., VAZ T AR
YREToOTWS ZLEThD, BITE, HAx RBEROBIEICIYAMA TWDN, FICEET
— X2 OWE ORI IE, R 72 B T OB F1E O E (] 21X IEC61215 D x2x3 72 £)H
VETHY, BITEIEAICREFTH D,

(3) OKE-Services @ H.Oldenkamp KX, “Google’ s Little Box Challenge and the
Development of the True AC-Module” ¢EHL T, YV —F VEHEEIToTZ, NTU—a L5
4 ¥ a F—(PCS)DIERE W O/ M E XD Z LT, o FMAH A X(WxDxH : 7 cm x 3
amx5cemfEE)D PCS ZEL-Z L2 L, 2@ PCS OHEIX., A4 AMIEFIT/N
SWIOHHZEETY 2= VICHEHTL2ZL2zBEL TWD,

(4) &% D First solar ® A.Wade K iX. “The Product Environmental Footprint (PEF) of

Photovoltaic Modules - Lessons Learned from the Environmental Footprint Pilot Phase on the
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Way to a Single Market for Green Products in the European Union” ¢ EL CT. L —F U i#
WA T o7, I —1 v /X TOKYEMIZH T 5 RIEBREA M (PEF)ICXF 3 5 IEA PVPS
Taskl2 TOR Y MHAHANE DN THE LT,

AESEORELELET->TWVDHLDOT, 9%, M. Kontges & (ISFH) X, “Mean
degradation rates of PV systems for various kinds of PV modulesfailures” &L T,
A2 T, 7V —T UBHZIT o 72, PVEROILR E LT, PV T 2 — L OfF M,
fe, EEERV ., PV ORENERYEREMET, PV OXKDICEEL2RBETH D, 7,
TEA/PVPS Task13 O{& B OB HE S iz, 20 » [F 36 #EEE, 60 4 O EME NS LT
WD,

Fower[X] EVA discoloring

Glass AR deg. 'Delamination, cracked cell isolation
Pnominal + ——————cesa A S —— <3%

4 upo.s-5%

= e
Diode failure

\ Cell interconnect breakage Corrosion of

: \ceII & interconnect

Contact failure j-box/ = g ]
string interconnect o
Glass breakage §
\ Loose frame <

T : T . :I e > Time
Infant-failure Midlife-failure Wear-out-failure

Fig. 3.1: Three typical failure scenarios for wafer-based crystalline photovoltaic
modules are shown. Definition of the used abbreviations: LID - light-induced
degradation, PID — potential induced degradation, EVA — ethylene vinyl acetate, j-
box — junction box.

1 4. PVEY 22— /LOMARESL{LE—F (IEA/PVPS-Taskl3 Report)

RR2FEROT —ZIZ L X, MEWIZIE, PVEY 2 — OS5 bEIL, HiSiT, P
0.8%~0.9%/FDHIFETH D, HITT, $I1%/F, EEIXL. 4%/FETH D, TV a2 —1LD
LAblE, 2 A MDY, 2 E Tid, TEC61215°616461CHEHL L T, ME 2 + L B
QualificationB2 I TW5H, HLWEREREOLZOITIZ, A F/MRE . WA,
EHEMERR ENERE L 725, Qualification testiZMEN. I T\, BEE OQuality
Management System, ¥ A7 ARt EMENEE LD, PVEY =2 — OB, L E
=Nz, W14, PVEYa2a— VOMABINRELILET— FERT, 1~28ETIE, &
V7 T v 7 Rglass breakageZg F, 3~44F3 5 &, PIDFK k., EHAAYIZ X, EVAdiscoloring
REN, HIEERERSTWVD, K1 52, PVEY 2 — LD ERBILEEZRT,

QUVERSHZ £ B E LA Ddiscoloration, @A ¥ — 2 %7 kb U R OUEEERE A O b,
@F IE#+ Ddelamination, DL DENRLYZ T v 7 @PVEY 2 — L HE, Wk, #ER
L UOEEFT DR ML A BPotential Induced Degradation (PID) . ®catastrophic failure,
mENEIENT, H%IF, PVEY 2 — L OEEMER Lo S 6722 Eilfeuss )y, pvilE
Quality Management System A4 N7 A4 Y ORRBICIMA, TV At - RHE - AT F R
O, ®iEary br— AN 2ARBRO® E, 70— RTOBBEEN, 720
HHELEFE LD,
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Unknown

" defea

6%

Delamination

Transport 5%-\
damage

5%

Optical failure

Loose frame 20%

6%

Fig. 3.2: Failure rates due to customer
complaints in the first two years after
delivery. The rate is given relative to
the total number of failures. The PV
modules are delivered by a German
distributor in the years 2006-2010
[redrawn from Richter11]. The statistic
is based on a total volume of
approximately 2 million delivered PV
modules. Categories not found in other

Encapsulation

and
Backsheet 9% — ——

Fig. 3.3: Field study of PV module
failures found for various PV modules
of 21 manufactures installed in the
field for 8 vyears [redrawn from
DeGraaff11]. The rate is given relative
to the total number of failures.
Approximately 2% of the entire fleet
are predicted fo fail after 11-12 years
(do not meet the manufacturer's
warranty).

module failure statistics are drawn in
qarey scale.

15. PVE Y 2 — /LD EK GBI (IEA/PVPS-Taskl3 Report)
4. 7 RMEE., DATLAVTIL—Yar, AP

(1) W. Schram & (Utrecht Univ.) I%.
Self-Consumption: Usage for Peak Shaving” (HHL C. EFHFEmEZITo7-, KBIERE
(PV) OBNWBELFETCOBNHEDOAESGLZEMT 2 20T, Ny T IVHEHTH
L, 5%, BEHAMEDLEE LN, FELXALTONY T U H A4 XD K#ELSMLET
Hb, A7 XD Amersfoort TTN® 79 HHFIZOWT, 295 HLLED HIZE W T, 10 BF
DT —HEKIZ, THEPOLOFEEDENHEHBEIZKIET ANy T UV A XOHEN, ihrSh
TW5, HOHE LY =70 v FZ2#A LTV 5D, NetPresent Value (NPV) FEAT 2 5, &%

“Optimal Sizing of Batteries for PV

BHWIZAHFN 728y 7 V) O A X%, 3.4 kWh TH2DHZ &M, Dhrolz, NC (Net
Metered Consumption) (MWh/year) % R JEE & L T, Optimal Storage Size (0SS) (kWh)

X, FRT, £iLESh b,
0SS (kWh) =-0.03 + 1.5xPV size (kWp) -0.19xNC (MWh/year)
MR EORE NNy T VI A XDOKREZRENNRDH Y, 0.5KWh~TkWh (IZ &5, Ny T UKD
DEHAAPNT 6402 — LDFETHDL, Ny T VEMEHT LI LITLY ., FHT L L,
PVENHAED 528% % I "—LTWDd,
HOMBICHEL T, AEIOEBEORENELE-S-TVEIDOT, AT 5, T. Tjaden
5 (TW Berlin) 1.
LB LT, AfESE T AR

“Emerging performance issues of photovoltaic battery systems”

W AT o T,
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FIGURE 22: PV CONTRIBUTION TG THE ELECTRICITY DEMAND IN 2014
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Fig. 3.5: Annual self-consumption rate of a typical household with a PV
battery system [1[)].
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