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Number of Attendees at the 32nd EU-PVSEC
(Munich, Germany, June 20-24, 2016)
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Number of Papers presented
at the 32nd EU-PVSEC
(Munich, Germany,; June 20-24,2016) 1180 Papers

67 33 mPV Systems, &
Relibility

OCrystalline Si

@ Thin Films

O Advanced Solar Cells

OPV Applications

mPV -A Major
Electricity Source
O Concentrator PV
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Paolo Frankl (IEA) ETF L —& L 72 o> T, “Technology and Market Innovation for
PV after Paris COP21” ®OF —~ T, "XAFmMNRIN, IR LERN 2SN, DT
W, XXV A NOERBERERNT D,

(1) E. Weber (FhG-ISE) 1%, AHF6H5H~10H, KE - KA — F7 > N CTHME I 743"
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Price Experience Curve of Solar Energy (c-Si
Photovoltaics)
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Crystalline Silicon Technology Portfolio
¢-Si PV is not a Commodity, but a High-Tech Product!

material quality material
. . quality p
m diffusion length

B base conductivity

device quality

® passivation of surfaces
B |ow series resistance
® light confinement

cell structures
B PERC: Passivated Emitter
and Rear Cell
B MWT: Metal Wrap Through 14%
® |BC-BJ: Interdigitated Back
Contact — Back Junction Adapted from Preu et al., EU-PVSEC 2009
B HJT: Hetero Junction Technology

X5 fEEEY U 3 K EMmEMOR— 7+ YA (Prof. E. Weber#2 {it)

15% device quality

Projections to TW-scale PV

T T T T, T T
10~ |".‘.-‘:'-\:f.-|-".: target :M"I"I 7]
E 8 |WEO 40% of electricityl —
z
8
s ° i
:
T 4 _
w
[
> WEQ 2015 5%~
2 1| Three scenarios m
Ot 1 1 1 I +
2015 2020 2025 2030 2035 2040

Year
Using simple assumptions, we can project that just maintaining the 2015
deployment rate would reach 1-TW deployment before 2030.
A 25%/y growth rate would reach 5-10 TW by 2030.

6 TWARZAZ —/LPVD T4 (Prof. E. Weberf ft)
#£1 TWIT—nlzmid7= % & (Prof. E. WeberfZ {it)

PV on the way to the Terawatt level:
GA-SERI Workshop sets TW goals -
starting the second cycle of PV

B PV has become a cost-efficient, rapidly growing element of the electricity supph
in many countries, driven by political incentives, technology improvements, and
related cost reductions:

-> 8-10 ct/kWh in Germany
= 5-8 ct/kWh in sun-rich countries,
= 3 ct/kWh recently announced for auction in Dubail

B The cost of PV systems will decrease further, making PV the lowest-cost form o

electricity production in many regions of the world - 2-4 ct/kWh!

®  This will be driven by further technology advancements, accompanied by
supportive financial and regulatory environments!

B A stable energy system based on RE will link the electricity, heat and transport
sectors, including storage and a smart grid!

® |n 2016, we can announce PV entering the Terawatt region, the
start of the second cycle of photovoltaic growth, requiring
substantial new PV production capacities in the next five years!
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(2) Marko Topic (Univ. Ljubljana) . R&D@ig‘@%ﬁf\“f:o
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(4) Oliver Schafer (SolarPower Europe) X, kWha A h LV ~—4 v MERNERE
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(1)M.A. Green® (UNSW) I%. “37% efficient one-sun mini—module and over 40% efficient
concentrator sub-—modules” tFEL T, EFHFEZITH- -,
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MBI ENT-, AltaDevices®D A FE860cm* D &N 224, 1% D GaAsE /LE Y = — /)L SunPower
DEFEL. 5T D&% 24. 1% DSit /L EY 2 — /L, Sharp® M FE9I68cm*D £ 231, 2% D ITI-V
SEARELEY 2=, ThD, MOWART I, MT7TDEA TDONFHR%ZHH W, NREL
12 X A AM2. 53| € T, Spectrola®GalnP/GaAs/Ge 3 £24 & /L + SunPower®Sitk /L & H 7=
ToN—F ¥ HEFE28Tem D EN Y T Y 2 — BN T HE40. 63BN TWVW5B, 5 %IE.
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|deal Prisms
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Si cell -V MJ cell

IDEAL PRISM SOLAR CONCENTRATORS

D. R. MILLS and J. E. GIUTRONICH
Solar Energy Group, School of Physics, The University of N.S.W., Kensington. N.S.W., Australia

(Received 18 July 1977; revision accepted 22 May 1978)
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(2) E. Voroshazi® (IMEC) I%. “An innovative approach to interconnect crystalline
Si back-contact cells” L T, ERHEHEZIToT2, BLLEETV 22— VDO ET v v 7
NI D, IMECTOMEFELS. 6x15.6ecm®>D /Ny 7 a L X7 B )LOEEZEHFR21.8% (XA b
22.9%) X LT, EY2a—VDRRIT, 17.6% T, v v 7 Rd D, BESITIZIHIET,
BV ERM PR T 2252, 8% ., SR, KRN PRS2 TR T 4 »
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(1) B. Klotern (Hanwha Q Cells) IX. “Current status of high-efficiency Q.Antum
technology” L REL T, EHEEEZITo7-, MHDIL% N, #HEHESITHY . 62% 0 ZHdh
SiThbd, F£72. 90% L L, 5 2Al-BSFAEE AL TH Y . low complexityD E IR+t
WMREENTND, BEHNIAFOEEDOZHIZIE, BADOEFEAL, throughputlh] %4
PEMET B, FEMEM ENEETH DL, KX MeOEHEIX, £ pEISiDOALI-BSFE LV (%)
#18.5%) TH VY . Levelized Cost of Electricity (LCOE) 1X. 10— u & > k /kWh
Thd, K1 1IZRT RO, BELrOEmDIFIT.FEELVRETZA NORTHAME R D,

Q. Antum$& 77 1% . 1 2177 X 912, PERCHE fff 2 X — 2|2 dielectric passivated rear.

KA bharvyZ 7 b A2V E—vary, REPFETH D, Light trapping ~H /N
UAR—v g VEOREN R I, BE VLV OEE G RIL, 2011FED1T% 05 19% L
EERoTWD, £ AgHE S 0% HITE SN TV D, [A:DQ. Antumt /b D i Capacity
X, 3GWEDHFETH S, 2016F12A KR T, FHEALZEIL19.7% (Voc=655mV,

Jsc=37.7mA/cm®, FF=79.7%) T, XA b & /L2h31320. 9% (Voc=659mV. Jsc=39.4mA/cm?®,



FF=80.4%) T %, 1EHER /R soldering®kili, @& EARCH 7 X, Ny 7 — F & 7260
BEALETV2—VOEL, EALLVLAT UM, halfEAVOEHAICE Y, mAH15349cn’* D E ¥
2= L DORA MR E17.9% 2> 519.5% (Voc=41.5V., 1sc=9.30A, FF=77.4%) (2. TV =
—VH L 280W H30IWICHE S N T WD, RKEFIZ, EHEALDES21%, TV 2 —
NI >320WE BB LT-WE F Loz,

Why Going to High Efficiencies?
Levelized Cost of Electricity (LCOE)

SiNx passivationlayer and ARC Frontside metallisation
n-emitter

B What really matters are the Levelized Cost of
Electricity (LCOE)

® To rate new solar cell concepts, they have to be POCI diffusion
compared with the LCOE of the p-type mc Al-BSF
cell

Edge Isolation

PSG etching

m Reference system: } Y

p-type mc AI-8SF cell Rear side passivation layer . ARS con-tacfs

Cell efficiency 18,5 % —— Rear side metallisation

900 kWh/kWp, 25 years . SP Al/Ag RS 1 2 Q. Antum& ’/f/ht &\: j?S rj’ E) _IZ /l/ *‘% EIHE:

Drying & Firing
LCOE~10 €ct/lkWh ( P. Engelhart et al., Proc. 26

11 EELRDZHMpMALI-BSFE EU-PVSEC (2011)p.821)
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J. Zhao® (Meyer Burger) (X, RIALIZH T2 ~T oS MmSI KB ER ORI 2 H A5 L
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<5%., <3% Tholon, Ity NCHEMET, &FEIN, BE/AETSum, 8um, 100um
D140 u mDbreakage rateld, & % . 20%. 7%. <3%ICHLEINTWVD,
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Thb, 3LTWEY 2 — /VOEFERFIT, 400 DFETH S,

X.S. Wang® (Canadian Solar) (X, [A£LIZ35 () % PERCHE &G Sk Si KBS & #h o fk I %2 H 45
L 72, PECVDCALDZ W 72A10xIZ X B HEH /Ny & _X— 3 3 > Al-BSFER RIS, Kt
F2Qem®D 190 u mE DpHSi N — 2 DL ifE L BLfE s PERCE L DN I1F . & % . 19. 1~19. 6%,
20.5~22.2% Td D, FHHE21. 1% %21. 6% LT DETHD, HHLOERY HH
AL EN, KBECEEOREICLY, KHEREB T L L,

C-C. Chung® (Motech) (. [RI#:ICEIF HCu” L — b PERTHE & % i Si A BS 7B #th o B v 1
FHEFBI Uiz, RO RS ST R B o & FERIFIL, 20164, 3.26WCH D, 4, £MHE
fAIZCu” L — h &M L7z, Ni/Cu/SnfiE7R ERMEt s, v —7 1 v 78k, =~
% 7 hopeningHifit. A X N7 4 Vv H—HEMEFOLFIZLY (Ka 27 MEHL(AgD1~3n
Qem* L VKR W~0. ImQem®) REH L TWD, 6 A FCu” L — FPERTHE /LT, kD
AgEME DA DR H20.9% (Voc=658mV., Jsc=39.84mA/cm?, FF=80.0%) & & 72\ 4%
21.3% (Voc=634mV. Jsc=40.80mA/cm?®, FF=79.84%) N354TV 5,

T. Pernau® (Centrotherm) (%. 40kHz —PECVD% H W 72A10x/SiNx A & v 7 1 & PERCHE i&
FEELSIKEEM ORI Z ®E Lz, PECVDO Y A 7 )V & A4 AL, 45~5043 T, 24FM 27 U —
SUTARBEORERTH D, AOxIT, TMATHEE S 41, AlOx/SiNxtE & 2 H W& O [E E &
T, REUEMNEEIL, &%, -8.5x10"~~-1. 1x10%cm?, 3~8x10'%/cm’eVC, S<10cm/s
NELNTWDS, t OFEHE, 1. Insec TH D, i, BiESRELORA MhRIT, & .
21.18%., 19.66% T 5,

(3) S. DeWolf® (EPFL) I1X. “Impact of solar cell architecture on the temperature
dependency of electrical performance” L T, YL —F VEEEZITo-, KEHDOZ
Ty AR ETE, BV 2 — VEENOCL EICH 22, KEGEEMORERMIX, Y
a— VRO ECEHEECT IREKRGFHEOEMALE TH S, mAE220en’LL £ O pfl <X — ZBSF,
PERC, n##~X— ZPERT, PERT-a, SHJDFE 42 Ot /L ORERKMENBHN SN, 255C~T75CD
[-VREPEN O/ DN RERFEORRE R 2ICE LD D, mVocOSHIDRE/HENR S,
LT, @VocE VOIREREITZIRWEE XD, XYY 7Hmceffd, IRE L LITHN
3%, PRI — ZBSF, pM~X— APERC, nf{! X— ZSHJD & /LD ZhFRDIEFERME-0.39%/C.
-0.36%/°C.-0.26%,/CIZ& LT, B 2 —/LOREKMEIT, K %.-0.41%/CT,-0.39%
/C, =0.30%/CThd, HERMEZMD ET, BEIEI, DXV 7 Ham o, BHEERE
EERXDLDREXThHEE LD,

*2 A ORGSR ST KRS E M O IR R

Voc R (%/C) Jsc Voc FF (%

(mV) (mA/cm2/C) | (mV/C) I°C)
p i ~X— 2 BSF 638.6 -0.39 +0.0184 -1.94 -5.2
p A~ — X PERC 653.5 -0.36 +0.0133 -1.85 -4.9
n A ~X— Z PERT 675.9 -0.32 +0.0173 -1.81 -4.6
n il X — 2 PERT-a | 688.1 -0.33 +0.0153 -1.82 -4.4
n A — 2 677 -0.35 +0.0142 -1.89 -4.2
n B~ — 2 SHJ 731.1 -0.26 +0/0159 -1.76 -4.7




4. 4 BEXKBENOSE:

4.4.1 BIESI KIGE

(1) J. Poortmans® (IMEC) {%. “Advanced Si epi—foil-based PV devices” &L T.
T —TF VM E2IT o7, Kerfless HRISiOT FYu—F RNk b 7z, N7 FEEESIK
Mmoo 7ot A TEOEMES, a XA MEBOLEMENB XS L7, Smart cutZE D
kerf-free wafering., EFGZE Dmelt?> D Ddirect crystallization., Crystal Solar% D #
b

Z B Ddirect crystallization?dfE I & v7-, IMECTIL, 1 3R T Y, BEX

FHICSIERREIC L AESIEEZ K L, ZHESI EOSIiOCVDZ=ERE, VL—FR T T A
TTCSiT AN LiftoffO% . KGEMAAER, SIERKTIHEFHIND, L —F 7L — Tk
DET—, b—my ZEDODRMENABIEEZE 7208, APV ARBEIZLVIEESNLTWD,
FEMUCFZ-SizE W izdxden® DO ~T o BEH{ NNy 7 a2 7 FSIKBEMMBIER S, 50um
B eSi7 4+ ALz H0=d DT, 2% 16. 1% (Voc=671mV, Jsc=35.0mA/cm?, FF=68.5%) .
190 MEFZ-Si# H 7= b DT, 2h1%22.9% (Voc=729mV. Jsc=41.6mA/cm?, FF=75.3%)
DRI TH %,
PREPARATION OF EPITAXIAL SI FOILS

Formation of
porous-Si seed
layer

Reorganization
of seed layer by Growth of Si foil by
H, bake thermal CVD epitaxy Definition of Si

foil area by laser
scribing f*:

Reconditioning
of the parent
substrate

\ Removal of porous-Si seed

layer and texturing of foil

Parent ready
for re-use

Detachim
‘ Sifo

imec <l
- . S o
K13 SifEo=tvlETatx (F EHEKER
RESULTS ON SHJ-IBC See alsa 28033 Process Development of Siicon
AND ON EPITAXIAL FOILS? e erojunction Interdigitated Back-Contacted (SHIIBC) \ular\
Cells Bonded to Glass”, X. Menglei et al
Cell Patterning Jie V.. FF E(;
rear a-Si  [mA/em?] [mV] [%] [%]
Freestanding Dry etch 416 Ny 729 753 n9y
After anneal 190 um Fz-Si
Bonded Dry etch 40.8 734 730 217
After anneal 190 um Fz-Si
Bonded Dry etch 40.0 724 698 20.2
After anneal 56 um Fz-Si
Bonded Wet etch 386 740 717 200
After anneal — 56 um Fz-Si
Bonded Dry etch 35.0 671 685 16.1
4 o cpicoi

cone

nec <l

X1 4 SiHBCE/LDEM: (1 1B KL

4.4.2 CIGS, I—VIkkItEMERKEGE;
(1) A.N. Tiwari (EMPA) [X. ”Advances and opportunities in CIGS thin film photovoltaics

10



R&D” L B L T, CIGS R PV | F‘aéa“%:)?’v—vw%%?ﬁé%ﬁoto BIPV J& HZFE 2L, 7
VX TNV EBILEY 22— /LN ER T, EMPAIZEIT 2R EH s Lz, i, lﬁ]édJ¢ CIGS
KB EEH 20.4% (0.5203cm?. Jsc=3508mA/cm?, Voc=0. 7363V, FF=0.789) % #f+ L 7=, 450°C
UTOREe AT, Z7VRT T AR A I FEKREICEBEILTWD, HEE, AN
v X KA ZnO F£iff =2 > % 7 & chemical bath deposition IZ X % n#l CdS N v 7 7 J@ /K
A p B CIGS W)@ /A 8y #7574 Mo BiEia %27 bEg/ RU A I RER., b
%5, TCO O LK%, Ga 7' L —F 7 1 > 7 < NaF @ post deposition ZLE (PDT)
ﬁ?*ﬁ%ﬁéﬂf:o NaF-PDT CIGS IZ KF R E A X4, Na & KDOAF U RB|NR ST 5,
XPS I E1Z & D CIGS # i (<30nm) (2%, Cu & Ga A RZLIEEHREREN TV DL HEN
Db, ;ZYL Z CIGS mE X, Cd JEH e =4, Cdey XKMEDOHEL., CIGS R
m&:ﬁiﬁ%%ﬁfa\ T?‘oczb%\ HLDIARZ n-p BEGH A, Sl KM/ Sy v _X— g R BER
Lo rELZTWD, 2019 FFETIC, BAZE 25%. EVa— W% 20% % EH L7V
LR, A A TeEL LT, Fa— U v blZ, Flism A& &4, 50cm = — /LT m?
:ey“;wwsif’ﬁi'één AFERBT IBMW E O FETH D, 2016 46 A, ZSW X, K1 5
R & 91T, B 22.6% O R E %K 22.6% (Voc 741mV, Jsc=37. 8mA/cm?, FF=80. 6%)

z%ﬁkbf:}:@%f&;éo F7-. EPFL & oE#E I . Xa 7 AHA K/CIGS D 4 b1 X
7 LK EM T, xR 21.4%%%Tb\ék@$f‘%éo

22.6%: A New World Record for Thin-Film PV
CIGS Cell made in ZSW Lab

FF
(mVl {mNcm’) (%) Fr .\u.m

741 378 806

irrent
-

Voltage (mV) J
15 ZSWIZ XD 5@ 2hECIGS K& th o feik (1 E e ICHz k)

V== 74T OREGBAINTZ, ZNET.CAd7 U —"y 7 7@ EKH S-rich,
H [ Ga-rich ® & EgHHAE . ZnO:B BB OMFIC L v | & Isc b Z 1LV | 2014 1T 1%
N 20.9% (Voc=686mV, Jsc=39.9mA/cm?, FF=76.5%) % EH L T\ 5, Y& ® 43rd IEEE PVSC
TIE, @ Voc kDT 7u —F s Slc, HWRILE D K-PDT HE & 7 = — /L D T &t
N EN, HZR LD Voc=665~683mV 75, 695~705mV [CkFESNTWD, (Zn,Mg) 0
DE "Ny 77EOEg BRI, & Voc, B JscxBELTWVWD, M1 6I1ZxRT LD
W2, MR 0.51cm®* @ CdS/Zn0 BNy 7 7 @B LW 2(0,S,0H)/(Zn,Mg)0 —HE/N > 7 7 JF
Cu(In,Ga)(Se,S), v T, & % . Zh% 22.3% (Voc=721.9mV. Jsc=39.38mA/cm’, FF=78.24%) .
22.0% DR RNER SN TWD (FhG-ISE 3BE) ., £7-. HAME TEH DA,
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CdS/Zn0 —“E NNy 7 7 BB L 7(0,S,0H)/(Zn,Mg) 0 —E /X v 7 7 J& Cu(In,Ga)(Se,S), /v T,
Fx hFE22.7%., 228% bFTWVWHEDETH-T-,
CIGSSe solar cells

- 22.0% Cd-free buffer WR 24 22.3% CdS buffer WR

12 12

o
o

Lelstung Power | mis
Leitung Power [ mW

i
E 12 + .,‘.
i

Strom Current [ mi

Z Fraunhofer 22 Fraunhofer
e st

...... . .
. Z)
: e 2

ou 100 zwswwoswswmusuuo 00‘150‘2!‘)0‘3;0‘4;0‘550‘6!‘)0‘700‘8000
Spannung Voltage { mV Seannune Valtase [ m¥
Eff Vac e FF
1%t buffer | 2 buffer (%) (mV) (mA cm2)
previous WR | Zn(0Q,5,0H) Zn0 20.9 685.8 39.9 0.765
Cd-free WR | 7n(0,5,0H) | (Zn,Mg)O 22.0 717.0 39.4 0.779
new WR cds Zno 22.3 721.9 39.4 0.782

#ISOLAR FRONTIER

16 R & %% Cu(In,Ga)(Se,S), & /L @ P (R. Kamada et al., 43" IEEE PVSC, 2016)

(2) J.Palm (Avancis) %, “The future of CIGS technology: Production standardization and product
differentiation” L L CF L —F URH AT o772, £ 3ITRT X 51T, CIGSKEFEMDAFEOARE
WU STz, AvancisiZ20064F (25 S 4L, R > BEESLE 100MWDAEFERILToH 5, Hfl
30x30cm* D7 E Y 2 — /L DFhE G | 20064ED14.0% 75, 20104F, 20144, 20164F, 45 % | 15.5%.
16.6%. 17.9% L egiE S, 201950 T —/Lid, B1E20% THh 5, K1 7I2id, #EdhSi, CdTeds LU
CIGS KI5 EM T Y = — /L Oflits & RFEAFERZ 7~ T, CIGSKIGEMIT, & 57252 A~ AHEMt:
NHDHN, BEIL, TV 2—AhER, K1 8\t ko, miEmkLElz, IKFTH2HETHY,
CIGSEINITHHME T, RN LT LN EE DT,

73  CIGSKEMdEFERME (FF EBYER$2ML)
Status of CIGS Manufacturing AVANCIS© ‘

Manu- Nominal Technology Generation Module Power & Total
facturer Capacity Area Efficiency

200MW RTP-SEL 2 (2012) 11.4% to 13.3%
(Germany/ S Selenization 120W to 140W
Korea) Cd-free |

AVANCIS

115W-135W
12.2% to 14.4%

2 (2012)

Co-Evaporation
CdS Buffer

130MW
(Germany)

Hanergy
Solibro

Selenization 1(2012)

Cd-free

Hulket | SOMW
| (Taiwan)
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17 FishSi. CdTeds X OCIGSKEGEM T Y = — /L Offitk & R4 ER (b EIDERTRHY)

EUPVSEC 2018 3CP 1 3 - 9

| N SRS ve oS :

Solar Frontier

18 CIGSKIFEMBLOEY 2—LOhE L mE (1 EFDEKRML)

(3) D. Weiss © (First Solar) iX. “Delivering on the promise of thin-film PV”
LT, CdTe KBEEH, Y 2 — VT LTV —F ViEEZIT> 7=, CdTe KEE MO
G TR TO COo, it &EIX, 14 CO,g /kWh T, CIGS, £tk Si KB O 4 17, 19C0,
g /kWh T, BRI THAHZ L, Bk, R4IZA-T LI, First Solar @&, ISR PN
BWHENEI Sz, 2015 4Fl20F, 19T EH1E, BARE 22.1% (Voc=88TmV,
Jsc=31.TmA/cm2, FF=78.5%) . HWfE 0.7Tm*E Y a2 — LT, 7 X—F v 2h % 18.6% % FH L
TW5, HELNLOEY 2 — L8R IT, 16.4% Th 5, 2016 FEHNIT, % %, 19.0%. 16.7%
ZERLIEZWEDETH D, #HOP T, CdTe KIEEMB L OE Y 2 — L O E RO
B &Rk ~_7=, CdTe KB O @B FR(LIL, CIGS KIFEM & FEIC, MkHIEIC X B
Ry o ZEA A 72 S, R 800nm UL EDORAOEE TORTHHEOLENDIIN DN T
W5, ERKRERBE Jsc T, f2mAIm* O EM TN ON TS, HFHOREHEKTH.

13



BEFNBOLENTINONTVEN, BEBOREIZLDHD T, Jsc T, £ ImAlcm? ® %k
EREMAOLN TS, £/, Cl Xy v _X— g X Eg AL, CdTe BD K ffa X v v _X—
aZHhERNHY . ¥ U T FHA o N 10ns 2> 5K 100ns 12\ B L. Voc DELEN IS
NTWD, dumBPl EORAREE, ZnTe:Cu Xy 7 a2 7 FbBHEENATHWDE, 2 b0
LEOMIE, CdTe KBBFEM T, % 21%0HRAEEDENER SN TWVD, iz,
CdSyTer BAHE A RN E (1.5—1.3—>1.0—>1.7eV) bEFHEIN TS, 4% 1T, B
X omahFb o g ER, N7 RO AR, Ny _X—T g R—vE U 7%
DORBFICEY, ¢ >1ps, S<10cm/s, Voc>1.1V 2 EHT 25 Z LIk v, 2= >25% 7 7]
BECThdEE LD,
# 4 KEEMAEZEOI SR

1> % First | SunPower JA Jinko Trina | Canadian | Santech | Yingli Sun LDK
Solar Solar Solar Solar Edison

v 3% | +$16M -$42M -$39M -$60M | -$49M -$37M default | -$155M | -$636M | default
KB

Increasing efficiencies: First Solar

£ 24

g ] FSLR 22.1%

2 £ X

o 2 z FSLR'4~L %

= & N

3 é g h Graded Absorber
P2 H FSLR 13 —g&

5 204 5 CGEMI ]

c FSLR "3~

E FSLR "2 — Lifetime
5 ;i T T T T GE

2 184 00 02 04 06 08 10 rgRATaLE

@ Votagev] &% «M

T g Back-contact
£ 16 PR L

i ¢ .............

T T T T T T
1995 2000 2005 2010 2015 2020

Slide courtesy of Markus Gloeckler
1 9 First Solar @ CdTe K5 & # D /& 2h b D 2 %
(Dr. Sarah Kurtz:43" IEEE PVSC D /~A 5 A |)

443 AEBSIURDTIAA FKIGE

(1) A. Hagfeldf (EPFL) iX. “Progress on making Perovskite solar cells viable
products” EE LT, YL —FT VEHEZITo72, L. X0 7 AD A FPRKEGEMN FE v
JRETRY ZLOWRE, HINERB AL TWD, 183D v T OFMFFIT LD
REN7zCaTio iz iR EN D e T A H A FOFERBEE ORI 0%, W (DMF) HFTo
CH,NH,I+PbHI, (PbC13) Dk 7' v & A " BefEHEFE VL, dual-source thermal evaporation
R EDRFIENRR TSN, A8, a7 A A4 N KBEBEMIZHV STV 5CHNH,PbI3
T, 1.66eVOEEEBMO N Ny v T2 BT 5, MREMBLATZN, DX v U 78
£ (100~1000nm) #FFH | mHEWIFRE (GaAsiZim W IEWINFRE) . « ~6.5, BEIE (&
F-7.5cm?/Vs, IEFL12.5~66cm*/Vs) 72 EDOPPEIC oW ThiERbh, 7 okéa=x
X —IT, 5~16meVTH Y | LR NS EM ORI 2R3, 20094 D %3R3, 8% 1 b f it O
BhER20. 1% O E | FlE OWFFERR R OARPL A~ 5 1Tz,
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o

3’3 v ol

g 20 | i

9

(5]

%

B 10 |- &—C‘; —0—c-Si ]

+ Rvan’ —2—CIGS

o ~ v —— CdTe

% —@— Perovskite

o 0 . 1 . I N 1 L ] L
1970 1980 1990 2000 2010 2020

Year

20 w7 AhA KEGEMDERFEOEE L o KGER D) REE
(29" EU-PVSECE: i/~ T A b : Dr. A. Jaeger-Waldau#z fit)

20z, "e7 24 FKRGEMO®mMDEAMDOEELRT, 2009FI2, BIRKOD 7L
— 7N, EEEKEEMDsensitizers LT, CH,NHPbI, ZE AL, h3HK3.8% & H7-D
N TH 5D (A Kojima et al., J. Am. Chem, Soc. 131, 6050 (2009).) ., mesoporous
BB E LT, Tio,o b DIz, ALOBIESINTWND N, BBIRITEFEHR I N TV
VN, CHNHgPbI,/TiO M 1E Tix, 2 H12.8% 1N EL., L —THE LM S 4L, Graetzel
DI IN—T1F #hEI5.45% %2 HF TN D, T D%, Seok®D 7 )L — 713 ZhRIT. 9% NFEH L |
UCLAD 7' v — 1%, 1 19.3% 215 T\ 5, ABEINTW D RmFRIT, KRICTIC X 5 %%
20. 1% ([HE 0. 0955¢cm?, Voc=1.059V, Jsc=24.65mA/cm’*, FF=77.0%) . &xi. @7V —7
XD IR 22. 1% D ER SN TWD NIMSIZ X D215 15.6% . (FEAE1. 020cm®, Voc=1. 074V,
Jsc=19.29mA/cm2, FF=75.1%) & H b, HEE LT, e 7 U AR EORLEMN, K
JEAEEL LESGEOEIKRIICE 2B n B HET, ERLEE., VIR EE, BX
BURMELEAEMmTE, e EDRTFREINLIN, FIZECsE2EAINDLZ &I, ZEMEN
S50RFM LA T 22 B 1000 LA BicdegE S, MR W ERXTWS, LarL, 75 CToRER
TIE, h#FE19. 4% P5%BEEFTIETL, HEEBNEZ > TV AN ® 5, CsPbl,,
CsFAPbI, 72 KMt &h., 21, 17% T, RbEAIC L WV F21. 9% 2B TWnWb LD & T
HbH, Voc~1.18V2EHET WA Ir—A2AH H Y . ERE (External Radiative Efficiency) 1.
0.5% &L #EmSIlEADIET, BEDMETH D, LD LI, IHHEKEIZ, BT, JLFH
REDEPBHNTNDEDORGTEH DL D7, 16em*I =F ¥ 2 — /LT, #h#E14. 2% O IR
THbH, 0T AIA bR/ A~NTaEESSIiELO4AMAHEET, 9FL24.4%., £/ VU Ty
7 2 Ui REEO/NEFE (0. 17em?) T, #h%21.2%, HAEL. 22em*E /LT, 2% 19. 2% DR
MTH D,

(2)Xa T A0 FREMKEEMOFEMEICETIREL D - 7o, A KB E TIX.
14/ H O BAARER T, BEAKPUT, 30~50% ML, hERLIHD40% F TR TFTT 27—
AbdbH, B, BENARCLNMEATERVWHISRTHD, a7 AhA b KEERICE
WTh, FEFFMAERELESNTVWDIEEREZARVHEHIRTH D,
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4. 5 BHEXRII-VEEES., AL LIUVFERAKRKGENS % -

G. He (AltaDevices) IZ. “Advances in thin—film III-V technology” & RHL T. #ilE GaAs X
BrsEHlc B2 7 L —F VikiEZ T o 72, K2 1R L 912, MOCVD i & AlAs U — U — R gD
BRT oy FEHWZZEX XYL - U7 b 47 (BLO) T, K2 2133 k5, #8 Gads B
Be i KB, InGaP/GaAs 2 #:5 KBEEML T, & 4 . 203 28.8% (ififd 0. 9927cm?, Voc=1122mV,
Jsc=29. 68mA/cm?®, FF=86.5%) D H#EA /L TOHRE IR, 31. 58% D EE RN ER N T WD,
2.5um A FICERTHZ LT, K2 3ImT Lo, 74 by - UV A 27U 7 LIEREF RSO
PR EFRECE . KGR MBEEOHIEIC LV, ROEFIEREE J ,=6x107'A/cm® (n=1) . J
=1x10"2A/cm® (n=2) ZFEH L., /KLY 100mV FH\ Voc ZFEHEL7=Z L T, BIRIIICTHORN -
TW5, M2 47T L9018, FHAKREGERE LT, fERKEEmIZ T, mfgkt /), EiE
B OETHEMTH D & LT D, GaAs EAROFFIH G FTRET, mtERE, K= X kORI E
MUIZ L DH EICEH S FRECH D & LTV D,

21 GaAs WBABBEMOMFER T w2 (b EFDERRHE)

. Radiative
recombination

Photon
recycling

Reflection

2 3 HIFE(kIZ X 5 photon recycling &
FEME ST FAS A O]

2 2 EEGaAs KI5 E Y
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300

Power-to-Area Ratio (w/m?)

GaAs
250 wafer 1J
Key Features
»  Efficient
« Thin&Light |
Si Watfer . Flexible
. 000
‘-00 0 500 1000 1500 2
power-to-Weight Ratio (W/kg)

X 2 4  GaAsEE KEEMOTFTHAKNGEM~OBEHDO AV v b (F EHAGEKEE)
4. 6 PVIURTL., MEE., EHEMESE

(1) D. Moser® (Eurec research) I%. “Identification of technical risks in the value

chain and quantification of the economic impact on the business model” & RHL T.
BEFRBEEAT 572, PVEY 2 — L0 N =X —DH{bIE, PV AT ADLCOEZ A KT,
BIfR T 2, EEMI DT — A INEILHE DS E VR RAET NVICTHET DN Y 27 22 0f%
A R FOERIBIZE R LT,

Technical Risks Matrix

Product Development

Assessment of PV Plants

Transportation
Planning Jinstallation 0&M Decommissioning
1 1 L
Modules - | ] ] [ N [
+ Insulation test = Soiling = Module mishandling = Hotspot » Undefined product
* Incorrect cell = Shadow diagram (glass breakage) = Delamination recycling procedure
soldering + Modules mismatch * Module mishandling + Glass breakage
* Undersized bypass = Modules not certified (cell breakage) = Soiling
diode = Flash report not * Module mishandling = Shading
= Junction box available or incorrect (defective backsheet) | - Snail tracks
adhesion - Special climatic = Incorrect connection = Cell cracks
= Delamination at the conditions not of modules = PID
edges considered (salt * Bad wiring without + Failure bypass diode
= Arcing spots on the corrosion, ammonia, fasteners and junction box
module . | - Corrosion in the
« Visually detectable = Incorrect assumptions junction box
hot spots of module = Theft of modules
= Incorrect power rating degradation, light * Module degradation
(flash test issue) induced degradation = Slow reaction time for
+ Uncertified unclear warranty claims, vague
components or * Module quality unclear or inappropriate
production line (lamination, soldering) definition of procedure
= Simulation parameters for warranty claims
(low irradiance, « Spare modules no
temperature....) longer available, costly
unclear, missing PAN string reconfiguration
files
=

X 25 PVEY2—LOEHFHY 270~ Y v 7 A (www. solarbankability. eu)

PV AT LD A7 0 —flE LT, K252, PVEY 22— VO Y X7 D~
U w7 2%, HifV2RZ7omns o b LT, 80 REIC

rating. BFEIC BT Dsoiling HiELK EIC BT Hmodule mishandling(glass breakage) .

BT % incorrect power
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http://www.solarbankability.eu/

module mishandling (cell breakage) . module mishandling (defective backsheet) .
BB LI ORA T A Dhotsopt, delamination, glass breakage, soiling., shading.,
cell cracks, PID, failure bypass diode and junction box. theft of modules, < =
— V254t . warranty claims, vague or inappropriate definition of procedure for
warranty claims., spare modules no longer available, costly string reconfiguration,

KRFIEHE & LT, undefined product recycling procedureNd % & F L b,

§ SOLAR

CPN Results - Components and Market Segments e

* PV modules - Total
Modules - top 10 risks

18,00

16,00 m Overall cost of repair / —
14,00 substitution per year [€/kwp]
a 12,00 - W Missing production per year =
£/kW
E 10,00 [&/kwp]
_g 8,00 W CPN per year [€/kWp]
B 600 | =
4,00
oo | el w
0.0 : ‘ ‘ : : .
Improperly Glass PID = Snailtrack  Defective Delamination  Hotspot Soiling Shading Broken
installed breakage Potential backsheet module
Induced
degradation

« Highest risk consists of a group of installation failures (mishandling, connection
failures, missing fixation, etc. )

X 26 PVEYa2—1D10) A7 2B+ ACPNFEE D F5 E  (www. solarbankability. eu)

SOLAR
.

CPN Results - Components and Market Segments e

« Total — Inverters
Total - inverter - top 10 risks

B Overall cost of repair / substitution
peryear [€/kWpl

B Missing production per year [€/kWp]

gzm-

g 150

F4 B CPN per year [€/kWp]

8100

0.00 Y : N s T s s

Wrong Fanfailure and Inverternol  Burned supply  Error message  Switch DCentry fuse  Faulldueto  Polluted air Wrong
installation overheating operating cable andfor failure/damage failure causing grounding  filter - derating  connection
(inverter failure  socket or caused by issues, e.g. high {positioning and
or don't working array humidity inside numbering)
after grid fault) disconnection

« Highest risk is related again to a group a installation failures.
« Production losses are higher than the overall repair/substitution loss.

« The same trend applies to the other market segments.

X2 7 PVA N —HZ—10U A7 2B 5 CPNEHE D #5 R (www. solarbankability. eu)

WY 227 1B 58 EHA %27 "OREL LT, CPN (Cost Priority Number)
[Euro/kWp] DNEEEINTW3E, BEHZFNEIX., www. solarbankability. euZ R I L7\,
262, PVEY 2a—LD10Y 227 IZEHT ACPNEEEOFRER . M2 712, PVA 23— —10
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UAZIZBET HCPNIEEDRER 2R3, BT Y 2R 71233 2 REHA 37 3, EEW
WRENTWD, CPNEIMAE R OB L I TWnDd, 5%IiE, CPNOFEAR & 242 T,
aVR—xr FRBR, BRE, BRECOMHEEOE= XY LY, EERLEABL T, HIFHY X
T DOEMEEIINDOMLERNH DL EFE L DT,

(2) M. Kontges® (ISFH) i£. “Mean degradationrates of PV systems for various kinds

of PV modulesfailures” L LT, YL —F Uk &E T o772, PVEEE DL K L KT, PV
TV a2 VOEEMEIT, Kx, BEELARD, PVOREEE RYEEMEIL, PVORDICEE
MR TH D, £9. IEA/PVPS Task13D{EB O E S Wty S iz, 204 EH368E. 604 O
HAZRZE L TS,

P %
ower [ ol‘\ EVA discoloring
Pbiaboiiiindlel - I
LID0.5-5% Glass ARdeg. / Delamination, cracked cell isolation
g / S/
P 2 <3%

nominal

PID !
Diode failure }
 Cell interconnect breakage

Corrosion of
cell & interconnect

Contact failure j-box/ E
string interconnect ]

Glass breakage §
Loose frame 2'
- l. - - ' —> 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.

28 PVEYa— LVOMMERKRESLI{LE— F (IEA/PVPS-Taskl3 Report)

BR2BEMOFT —Z I LiE, HEHAICIE, PVEY 2 — L0 HLRIT, #Hasi T, F
0.8%~0.9%/FDHIETH L, HITT, K1%/F, @HEFEIX1L. 4%/ FTHDH, EYV2—LD
FAE, 22 FICBEbH Y, ZHE T, IEC612155°61646(ZHEHL L T, ME A b L 2B
Qualification72 I TWD, HLWHEHEOZOITIT, =2 b/MEREE. M H 4%,
EHEME /R E N EE L /25, Qualification testiT N S TV, ®iEH O Quality
Management System, Y AT ARHCHKBMENERZ L5, PVEYV 2—1D0FE{ER, L E
2—E N7z, M28IC, PVEY2a— VOMBKREL(LE— FERT, 1~2ETIE, &
)V T v 7 Rglass breakageZs F, 3~4FEF 5 L PIDE L. EHIAIZIEL. EVA discoloring
EN, HIERERS TS, K2 912, PVEY 2 — /LOERBLILEREZ IRT,

OQUVIREHIZ K % B IE#f Ddiscoloration, @A v & — a7 b U R U ROEHERE A O Mk
@F L4 D delamination, DE/LDOENLZ T v 7, @OPVEY 2 — LBLE ik, #ER
L OEEF DR LA BPotential Induced Degradation(PID) B catastrophic failure,
RENEAENTZ, 5%, PVEY 2 — L OfEHEMER Eo S 55 HMHMs . Pyl
Quality Management System A K74 VOB IZMZ., TLVA R - BE - AT R
om b, ®WiEar be— L EA ML ARBOM L, 70— RTOBBRIEIN, LR
HELE LD,
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Delamination Unknown
Transport 5% " defect
ranspor -\ %

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 vyears 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
module failure statistics are drawn in
arey scale.

X2 9

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 years [redrawn from
DeGraaff11]. The rate is given relative
to the total number of failures.
Approximately 2% of the entire fleet
are predicted to fail after 11-12 years
(do not meet the manufacturer's
warranty).

PVE ¥ = — VO ERE B {L#E (IEA/PVPS-Task13 Report)

4. 7 PVIEHARE :
(1)T. Tjaden® (TWBerlin) I%X. “Emerging performance issues of photovoltaic battery

systems” LB L T, KEMlEHEZIT -T2,
FIGURE 22: PV CONTRIBUTION TO THE ELECTRICITY DEMAND IN 2014

1 4B-F—B-T-E--BE-T TR g g g e e i 1%, MARK

B PVin % of the
world electricity
demand

B Self-consumed electricity B Self-consumed
electricity under

net-metering

M PV electricity injected
into the grid for
IEA PVPS countries

Total PV electricity
production for
other countries

SOURCE IEA PVPS

30 HEOEHICKHTAHPVOEIL (TIEA/PVPS Trends 2015)
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HRIC, ZHICEHEDDAPVOEEREML>oH b, A XV 7. ¥V ¥, RAYRET
X, K30 _/T#cto T, 20144ERE AT, PVO R T6% M T D, 5%, £TRED

DHIEE~, A— T Uy RPREEERAS, RFEEET, EECHEEL®HZ 7
rob RO BEEALD T O, PV AT A Dsmart integration®NLETH D, —fEHRIEK
LT, PVERy T U RERDD, RHOLZENDTZDICTEH, Ny T UOBHEEMENE L T
W5, ZRHEICHEST, BCHBEDO VAT LD AN EREE2 N5,

LITHIUM-ION EV BATTERY EXPERIENCE CURVE COMPARED WITH SOLAR PV EXPERIENCE CURVE

100

1976 A

4

10 4

AL
2010
1

\\A‘%
H12014 .
Li-ion EV battery

pack ™

Historical price (USD/W, USD/Wh)

01

1 10 100 1,000 10,000 100,000 1,000,000 10,000,000
Cumulative production (MW, MWh)

Note: Prices are in real (2014) USD Source: Adapted from Liebreich 2015
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Fig. 3.5: Annual self-consumption rate of a typical household with a PV
battery system [19].
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(2) A. Scognamiglo® (ENEA) X, “BIPV - Getting the technology and integration
balance right” L T, YL —F VEHZIT > 7, &M KR (BIPV) T, #I2F
A5 V7 OPVO RIEE ATE18.622GWD H & 2.672GW (ground8.722GW, BAPV7.185GW,
CPV0.03GW) T, 5% DOMHONRHIFIND, MHOEEL LT, =—XBILVRITDZER
PERRD BN TWD, BIPVOEHBI NSRBI SN, FET 7V —3 a 58I TRbdSi
REBEE 20 A ERKEM A — 0 — (X EBEKGEm O FtE, B&, ABLOR SR
EE{ENT 2 LT, BIPV, finfil - il — KB (TIPV) R E~OHEEIERDZHFEIND,

4. 8 Wi, ECHRRA, BESHF:

Y. Matsuyama (METI) |%. “Japan’ s renewable policy & FIT reform2016 - PV century
vision” LEL T, YL —F VEHZ T2, £7. M3 3IZR-T Lo, BRIZBITD
BAMRZ RV —IZET2BEENEWVWIY (FIT) HEOHE RS HE Sz, FIT
A I NTZ20124F LU, E33% DA ONT, FFIZ, KB OEANE LW,

2.Status of Renewable Energy Deployment in Japan
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2030EDE S DON, x Al X /¥ — (RE) OEAFX —F v ML, 22~24% (PVIX7%)
PR, 29O L=y hOEBEOEZODOFITEKIED HAYIE, Obalance among RE resources,
@cost effective FIT tariff. ®@reflection of electricity system reform, TH D &
WA= BB EOZ D OFREIL,. DOreduces cost for post FIT generation, @changes
for grid access & integration, @harmonize with local residence & community, T&
5, BAROPVEEOEM YL TWD, PVotitfdicmif=4%icxtd 28/ LT, K
341279 L9512, Winnovation of technologies and costs, @innovation of systems,
@ innovation of players, "&®H 5 & L TE & o=,

8. Issues to Be Addressed

(1) Innovation of technologies and costs
~ Drastic reduction of renewable power generation costs
» Grid control using loT and introduction of storage batteries

(2) Innovation of systems
» Review of the law related to FIT (for long-term stabilization and
self-sustainability of renewable power generation)
» Review of the grid operation rules and disclosure of related
information

(3) Innovation of players
» New businesses such as aggregators, Negawatt trading and
VPP (virtual power plant)
» Professional renewable power service providers

- Achieving self-sustainability as an important power source
- Developing a future vision with a view to Post-FIT

34 PVOMRIZHITZEELR AR A~ (Y. Matsuyama, 32" EU-PVSEC)
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JERDS RN oM 2 AB 2L T HEBEEENSHEAD LT Z b 4T,
Inter Solard #H#s L. IEEE PVSCE W U A ICBMET D Z & &2 o7, milEIL V. $97504 .
Ai 2B XD 92,0004 DB mE Liroiz, BorazEMNT 55 F V., EU-PVSEC% IEEE
PVSCERICAICBME L7z &8, BEICHTWAR NPT 5,
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