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AT %, K1 3127”9 K HIZ, PERCHEE D, #EidESIKGEMOBRIED EJR TH 5,

@fz @&fiﬁﬁﬁ%& WX DB FEEBE, AV—""y ba LRI TS, Longild, 24. 06%
DOPERCE L DFLEkEZH LTS, L2xL, PERCELVOBRRAN/FERHIN VD, K1 412
AT R DIT, AL —BSFRVIE, BAE20% AR T, PERCE/VIZ, 23.5% A%, ZRRA T
& %, Passivating contacts?y, WHMAKGEME LT, ZbHfFsnTnd

PERC is the benchmark

15) o ™ ‘v ¥ IARARS] LAARAARARAN R ARS '_'-_ Y__“ = T
24k 19808 | 10x10 % I 0 posm---5---4 LONGi Mono PERC Cell Efficiency Record
s (VS = \ 54
9 Lo % b CAPEX g 245%
= * >0 s “ P 4800 - 0% 1 ! 2ew |
by 23F o, or +8) § “% ‘Texture g Z: L1 b
c x £ 4 e
5 N 2 L o SF X /m Alox z 2% ‘ rL
S © % 4 o ™
& WA o s s R an?r':;[, e 25 P susm—
o 22 boidcd 5 4F e Diffusion E s : 7
g 3), (4).,. ° E 5. % 2% | | o1
o ° E / S r
21F /'(2) o § g ;L N, 200% L -
0 ~ = “e. J200 !'d & 9“Q,-i\ Aoge 8 ‘ﬁ»& »
&
.............. ] 1 L Loy 1 L Ll # " i 7 ¥ % L
Ve o botelms SGISR T e s GO 2012 2014 2016 2018 2020
Fabncatuon methods Year
Hongbin Fang
Byungsul Min, IEEE JPV, 2017 Yifeng Chen, IEEE JPV, 2018 PVCellTech 2019

X 1 3. PERCHHIIED EHE (Dr. D. De Ceusteffll)

PERC limitations

* PERC efficiency is limited by

T 3 T Y T E: T b
recombination in silicon and under the ® 90+ 1
& ]
contacts g 2
y ) S 28- w7
* Aluminum as localized BSF excludes the use g S0
of better N-type material T 2. _
* BSF and selective emitter can only partially § Passivating . 55.0 %
shield the recombination at the silicon/metal g 24- O oo
S 2] §
8
" , : o | Al-BSF |
* Passivating contacts is the most credible §
candidate for next generation solar cells 2 | |
after PERC [1] :

20'10 ' 20l15 ’ 2(;20 ' 2(;25 ' 2030
[1] M. Hermle, nPV workshop, 2019
X1 4. PERCE/NLVOZHLEEHR (Dr. D. De Ceustefefil)

TOPCon (Tonnel Oxide Passivated Contact) 25, it Mm KB EMOE 12 EM Th
HERTWS, |



Includes a thin layer that separates the absorber from the metal electrodes and
shields the bulk from the infinite surface recombination at the metal contacts

* Intermediate Passivating Layer (IPL) provides chemical passivation to the interface [1]

* Carrier Separation layer (CSL) provides carrier selectivity from differences in Fermi-levels,

bandgaps or work functions

Ag

T [fRYATAVEREMDLNONN M RN
oS ()
o-SiH ()

e Heterojunction solar cell

a-SIH M
aSiHIn) 8
Tco

& wfv oV
SHJ cross-section
C. Ballif, 2018 IEEE-WCPEC

S10e=14.1;5,,,=13.5
[1] Glunz, 2017 IEEE PV Conference

Selectivitv values from J. Schmidt. Solar Enerav Materials. 2018

Bectron-selective Rear contact
material lithium fluoride (UF,) and reflector

(Hybrid) TOPCon cross-section
--Yong Liu, Jollywood, 2017

Dopant-free asymmetric hetero-contacts
--J.Bullock, Nature Energy, 2016

8= 16858, =13

Sie=13.3(Ti0,) Sy, =12.5(MoOx)

1 5. TOPCond ~7 24 (SHJ) HEi&E KEG&EM O bl (Dr. D. De Ceusteffit)

Cell CoO [$/Wp]
$0.18
0.156

e $0.16
o 0.130 S
A $0.12
$0.10 SO 10
200 $0.08
$0.06 $0.06
5004 $0.04
$002 $0.02
5000 $0.00

PERC SHI
[$/wpl BB-Less
[$/wol

mWafer Price ® Front and Rear pastes @ Other cell consumables

Direct Labor ® Maintenance

Re-drawn and adapted from M.
Woodhouse (NREL) 2019

mWafer MFrontSide M Passivation

Cell CoO [$/Wp]
0.143 TOPCon+ assumes:
0.130 :
0.124 = - N-wafer price drop
0.0294

0.0266 (10% to 5% from P-

00235
type)

- APCVD or PVD for
passivation, in-line
anneal

- Poly from 120 to 30nm

- NiCu plating

PERC TOPCon

[S/Wp] 15/Wp] [5/Wp]

TOPCon+

Metallization

Re-drawn from J. Rentsch, PVCellTech 2019
Assuming PERC at 22%, TOPCon at 23%

1 6. PERC, SHJ. TOPCon®t /L=t A ks (Dr. D. De Ceusteffit)

1 512, TOPCon& ~7 m #2245 (SHJ) ##3& KI5 ih o bk 4 797, TOPCon & SHJ D EL 5% 23
mE NIz, SHIX, ek Ze U, IRIRERE, bifacial, M7 r X 70 —DREEZAHT 5,
NPV = 7 iF, 19THFEURKEEEZFHB L, WER T — L O IL, 23% L ETH D,
Hff BA &1, ASU. CSEM/EPFL., CEA/INES7Z2 E TR EINTW5DH, HMESHK VX 0 T4 ik,
Meyer Burger. AMAT. INDEOtec, Von Ardenne/R E/H AFTE 5, K&AFE L, CIE, Hevel
Solar, Sunpreme., 3SUN/ENEL., Hanergy. REC. Jinergy72 & C. et HF TH S, — 5. TOPCon
%, ke L, bifacial D4R A2/ L, Trina?d, 24.58% X E L., XA 2y hF4 D
BhRI1F23% UL ETH D, WA 3 ITTE T T M &2 O fli 4 7 2 3 » (LPCVD, PECVDPVD, APCVD,
A FUVTFEANRE) DND B, HEIL. Meyer Burger Schmid, Tempress, Indeotec, Centrothem,
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OLT, Von Ardenne, Semco. Intvac7g &6 AFTX 5, Trina, GCL, Jollywod7Zg E25, /X
A ay hTAy, HEINABAT—YTh D, TOPConlx, BIFEDPERCT A v 52T v 7 7 L— R
TE HAxDOY =LV EZEHTELA@ENRSHDLERTWVD, M1 6IR-T LI, ~Tr#E
A (SH)) KEEMEV S, IKa X FTC, MRkoZEORB LS S, 8MO T — /LT, H
MDpassivating contactsz@FE DO A RKTOPConTH B, iBEHIZ, A XV ¥ —T a3 DA v
Tl —=vary, Ka AT L =T 4T Ny _N=varzegHfsEihn =2 b2
EThb

(2) X. Zhang® (Trina Solar) ” A Roadmap to Reach 24% Efficiency PERC Cell Based
on Screen Printing for Mass Production” &L CT. K&EAHE L ~</LDOPERCE /LD EFZ)
Ak DT 7 —FITOW T L 7o, PERCOSEDTIZD OEAFBAFE DI MHAFEI S ivle, &
TATHA LR WRETZIIFL) | =y IREOUGE, BSFEEDUEE, A XV EB—Ta DY
#=ORE ANy R—T 3 OSEIZNZ, A VUSi passivated contact, b FRALY), KD
MR EBRRT, RV L 2 b—r a3 YK D KEEEMOBES 2 S, @RI TeerEic B4
DIFFTRER NS S, K1 712, fx oA omE HIC X 58586S1 PERCKEGER O & 2h= ko Al
REMEICRAT DY I a b—va UREREZRT, © =1 bmsOER DY G| 2h¥24. 35% DEBINHIFF TX
%, WFEBIRR OB LV, mNFEPERCKIGEMM O KBAFENFREL B X T 5,

°
. Trinasolar
Beyond PERC ,.
= 24} - tandems
[=]
& a .
2 passivated contacts
2 23t hetero structures
£ hetero emitters
= PERT, IBC, HIT
S 22°L n-type
% etc.
o
o b Above about 23% (?) other
device structures and materials
- may become competitive to PERC

| 1 | 1 1 1
Reference advEm AI-B-BSF base2ms Sfront  Cnit

solEmi BSFoeg SBB Fago0um mulivire | fasc Sroar Presently, no single target for R&D.
Fabrication improvements No standardization of equipment.

PERC is a suitable platform for other materials » Integrate such features
and device features to come into mainstream into PERC cell process

B. Min et al, IEEE J-PV 7, 1541 (2017) 35th EU PVSEC 2018 — page 12

iltermatt@trinasolar.com

X1 7. flixOFEROMEAIC L 28EMST PERCKIGEM O EZRILDO REEMEICET 5 v I 2L — 3
R (Dr. P.P. Altermattf2ff:. B. Min et al., IEEE J-PV, 7, 1541 (2017))
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KEAPE L~V DPERCE L DIEHI51 3222, 9%, SEtaVoclL690mV T > 7=, A lEl, 30~35 1 m wide®
front metal finger, BSFIEE4um—5um, ~/VFNRAN——9 X2 N— BRI v X hE, Ga K—
TN (Tt AEDOFEF v U T FHm >500 usec) | KFLIROBEIZ LY | PERCE/L T, FHy
H323.39% (HEFE252cm®, Voc=690. 1mV, Jsc=41.20mA/cm®, FF=0.8226) DL ~JLIZEL T\ 5, A
7 ) —VHIRITY, 24%PERCIE, AlREE £ & 072,

(3) Bernd Steinhauser & (FhG-ISE) iZ. “Plating on TOPCon as a way to reduce the fabrication
costs of i-TOPCon solar cells” SREL T. B. Kafle® (FhG-ISE) I%. “TOPCon - Technology
Options for Cost Efficient Industrial Technology” &/ L . TOPCon (Tonnel Oxide Passivated
Contact) AFFEMDIET A MEDOT Fr—FITONWT, #EEEIT>7-, TOPConE /LD L¥LDT 7
0—FN, KEFEONATA FO—2THD, X1 8%, FhG-ISEDTOPCon KF5FEM DS & Hiftk: &
R, ZhE25.8% (Voe=724mV, Jsc=42.9mA/cm?, FF=0.831) N6 TW5, TEITmT, $3—
A R DA 7Y —HIR(SP) D E4A B Ll & LC . TOPCon D= v LD ~7 L—F ¢ > 7 (PL)
ERRETLTWD, 3R MR bR &4, SP/SP, PL/SP, SP/PL, PL/PLC, £ %, 2.48, 2.08,
2.05, 1.462—mt L F/WCTHY, TL—T 4 VIR EFEHTH D, TOPConfEDIE Skt . K=& k
{BICHETHY  RELE D M L— K47 & 725, TOPConfgJE, 30~200nm, DTOPContz/LDFfiringtk
DXy T _X— 3 UHEREDRRET ST, YW, Jometal #EAC, 150nmE D 200FA/ cm* 2% LT, 50nm/E
TIE10, 000 £A/em*72 272, Jometar (X VoclZzh<, 7wt XD LR S 41, TOPCont /LR &
L T. TOPCon/@J/&30, 50, 70, 90nm@ TOPCont /LT, FEHJhEiT, £ %4, 21.0% (Voc=660mV .
Jsc=39.93mA/cm®) | 21.1% (Voc=665mV, Jsc=40mA/cm?) . 21.4% (Voc=675mV, Jsc=41mA/cm?) . 21. 7%

(Voc=680mV, Jsc=41mA/cm?) & 72> TW5, HMEAIITIEL, SP/SPOTOPCont /L DA k21322, 7%

(Voc=690mV., Jsc=39. 9mA/cm?, FF=0. 823) . “EH%h#:22. 4% (Voc=686mV, Jsc=39. 9mA/cm’, FF=0. 818)
(2%t LT, PL/PLOTOPConE /LT, XA F&h322. 7% (Voc=690mV, Jsc=40.4mA/cm?, FF=0.814) .
¥he22. 4% (Voc=68TmV, Jsc=40.3mA/cm®, FF=0.807) & . #ADR2VMEAES TV 5, TOPConEIE60
~90nm¥E T, HELS, FEET, IR EEILERFIT 2D L THD,

1 8. FhG-ISEMDTOPCon KBFEEML DOAIE & R (36™ EU-PVSECIZ T, H_EBSERHRML)

(4) J. Baob (Jolywood) IX. “Towards 24% Efficiency for Industrial n-Type Bifacial

12



Passivating—Contact Solar Cells with Homogeneous Emitter” &L T, /Ny I X— |
2% 7 PRGEMO TE LN VOIWYMHAICHOWNT, BHEH Lz, KREFEO A T A K
D—=DTdHD, Ny X—harz2r FKIGEMIZ, mzh=R0 et & BEAF OPERCE X
UPERT 7 mERXAT7m—tO@mWAE#ELZ AL, KEBEMEET, FEHEZED TWVD,
JolywoodlZ, 26WLL LD F ¥ R T 4 DRy v R_R—v g ar X7 b KGEBRE X OE
Va—/VDEEA—T—ThbH, KFRIT, WEL=I v ¥, VA FEA, LPCVD
Rl o a2 &AW T, 251.99 cm®*® il bifacial A E M O &5k R & Wi
L7, BEAEREEDORBOILD, P-tail 7”r 7 7 A VB LV FAVFEZI v F 7
7 ANVDOBRFIZE D . Joneta1=666FA/cm®, Jo, enitier=25 fA/cm’*Z 1TV 5, HwiEfb vz
Tat ALY, 698.2 mVOENT-Voc T, 23.22%D ¥ hE (GEE TIiX, 23.85%) %
HPET AV THTWD, E#h®23.82% (Jsc=40. 6 mA/cn’®D  Voc=710. 2 mV, FF=82. 6%)
(G TIE. 24%) TH D,

(5) J. Dreon® (EPFL) {X. “Final Study of MoOx Thickness Variation Influence

on Partial Dopant—-Free Silicon Heterojunction Solar Cells” LEL T, ~7T a2
& (SH]) KREGEMIZO>WT, 7L —F VEEMAIT > 72, SHIIZBW T, 1.9~2.8 mA/cm’
DSiaryH 7 NEEPS L MEOCEKILI, K— TV —Dar &7 NEKTH S,
FPF.SiT7V—ar ¥ FoBERMHESINZ, 18 (TCO, TiNx) (X, %h=#18.6% D H
Ko 28 (MOx/TCO) X, #h=14.3~17.6% OBk, 38 ((i)a-Si:H/MoOx/ITO) 1%, %h
#23.5% DB, 48 (SiNx/TiOx/LiFx/Al) 1%, Zh¥23. 1% O HIK, 3=z ¥ 7 hiZ
HEIILTWD, MoOxDOH 7 X v v T7OFAERINDDHY . ZiIE TOMoOx/E L, 9nm7Z -
-0, BIEOREALVPBETI SN TS, MoOxED N & iz, B8R, JsclI K 5 23,
VoclZ EENIEWHT BN ER W, 2R OB R T JEE4nn» il T 5, 2173 23. 5% (Jsc=39. 4
mA/em’*® | Voc=734mV, FF=81.07%) OIHIRTH D, Si7 VUV —a ¥ 7 b, TELDHE
WIRT Y vERTHEE LD,

5. 3 non-SiEEKXBGEMNDSE

fidh Si OKBFEMIE., RRA 29.4% TH V. 2hE 30% & @R 2 KO KEEM L LT,
F T ARGEMOBIEFRHFE B EAIZ RS> TV D,

(1) E. Kshnen & (HZB) I1%. “Perovskite/Silicon Tandem Cells: Self-Assembled
Monolayer as HTL for 29.2% Efficiency and Progress in Upscaling to Large Areas”
LRE L T, Introductory Talk #{7-o7, REFEDONNATA FDO—DTH b, WE 10 FH
T, XRTAAA NKEBEBMOZHRIL, BHIZHY, KEBEBZEDTND, SR T RS
A NI, AN RFX Yy v THIEBES T, 07204 Mo RGEREHEAGDE TS
BEAaEMcT S22 & T, REEZIRT Y, fiGEd Y — FL, XS Si KiGEM &~
n 7 AhA bKEEMERLAEDELEXO T A AL MSIiZ T AKREBEMIT, xR
DHNERAEZBEAZDIENTEDLZENEIREINTVWD, v 7 A7+ —F PV IZE-T
ARINTEE /) V7 xua T AL MSI ¥ T ARGEMD 28% T, 27 L3RITY
JarexXe 7204 hOMFOR—HBEELVOREMEEZ T TIZ EE>TnD, £Z< 0k
MDY A X T Iem* EMEINTEBY, ZOFINDILRP/KARE LTRELRBETHLZ L
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L TW5,

WE4E D 36th EU-PVSEC T, HZB (X, 2 v 7 AH A +/Si, a7 A A k/CIGS, 2
e T ARBEMICEALT, EF L, 2WF X0 7 ABA ~/Si, Xm 7 A4 b
JCIGS, R T A A N/ XaTAHA F2EEAX T AKEERT, 211X, &4, 28%,
24% . 23.5% DKW ToH > 7=, HZB TiZ. ¥ 1 91Z77F XL 912, LiF/120/Sn0,/C60/perovskie
//PTAA/ITO/Si-H] HxE D 2 #:4 % 7 L KBEM (1.03cm?) T, 2R 27.4% 2 H TV 5,
N ¥y v 7ORwEl 1.66~1.69eV, KB DK IIN6N TS, K2 0ITRT &
JNWCVHIBIZB T 2T A A b/ XaTZAHA4 b, RXaTAHA N/ CIGS2H#HEL VT A
KB ORFIL, &2, 23.3%, 23.26% DR TH D, ¥ T LARBEMDOE Y 2 — L
ZhE L LT, 2030 4E, 30%. 2050 4F. 35% 2 HiET L L T35,

X19. Rue7AhA NSi2¥EEEY T ARKEEMO#ESE L FME
(36 EU-VSEC (2T, ' kXK L)

K20. a7 AhA F/CIGSe2 #26 % > T L KIGEMOMEE & Kt
(36 EU-PVSEC |Z T, " EBYE R H#E4E)



Alal, EBREE O~ T AH A MREOEBERERZRB L, hEL2 M LS LT T
2, RABSCHBE EZIET 7 AF vy RB by 7 —~VIIHBTE A0 7 A h A
MRS EMAOH LA CHERIEE S I (SAM) [Z2WTE &KL, SAM O 7 FF
PEIZE D, 1em* D % > F A KBEM T 29.15% O RTHEOHLEZER L TV 5D, a7
AHA R/Si, e T AHA N/CIGS28AH X 7 LKW o 57 21k, %« . HZB
IZ X% 29.15% (MFE 1. 06cm?, Voc=1.897V, Jsc=19. 75mA/cm?, FF=0.778) . 24.2% (M
F& 1.045cm®, Voc=1.768V, Jsc=19. 24mA/cm®, FF=0.729) TH 5, 6lcm2 CEBRDO X o F
LAKBGEMIZA T —VT v T E2HEET EE LD,

(2) R. R. Miller, ©» (FhG-ISE) I%. “Silicon-Based Monolithic Triple—Junction
Solar Cells with Conversion Efficiency >34%” & L T. wafer bonding |2 L 5 &N =R
GalnP/AlGaAs/Si # T LEALIZHOWT, @ L7z, KEXHEONATA FO—DTh D,
2017 1T, 2h 3 31.4% ., 2018 4F| 33. 3% A Ak L T 7o 23, Jeic, 23 34. 1% (i fE 3. 987
em 2, Jsc=12.4mA/cm?, Voc=3. 177V, FF=86.4%) ##EK L= & Z®EL, K21, 22
\Z. GalnP/AlGaAs/Si3#& ¥ 7 AKBEMOMEE & 8k 2 /RT3, T1I-V E L& KIE
ik, FHHAR AL T, HHGHREN NS, A%, EfABICE 22X M Y L BB E
LEORBRAKICEY, IFE3B%ET2a—AT, $1/WUTEX—F vy e LTWD,

(a) EX-8 (b) X-610
_— n-GaAscontact——

n-GalnP

window layer
n-GalnP

p-GalnP
tunnel diode ~ p-AlGalnP
n-AlGaAs
back surface field p-AlGaAs

7~ n*-GaAsbond —_ N

~_ T n-polySi —— _—
p_Si > el e <—

p-poly Si ——— =

K21 DIZANRUT 427255 GalnP/AlGaAs//Si 3 #EE X T K o i &
(D. Lackner et al., Sol. PRL, 4, 2000210 (2020).)

""m-—— 15 T T T T T T
] — AM1.5g, IEC 60904-3 ed. 2, 1000 Wim?, 25°C
80 | fo 1 5
< I
T E1of __ _ 1
= 60 - E 1910V e 15iey Eo 1126y h -%‘ [ Exs-11 X610-6
8 13.7 "'A""'"‘a 128 mA’| Y 13,2 mAvem? < Ve 3127V Voe: 3177V
40 - ézzli?;‘:\.rp Fzgs:_r:;r:\‘r:. 1;:-;.;; po 7 =z I Jsgi 12,7 mAlem? dger 124 mAJem?
’ ! ! § 5Sp FF 838% FF: 86.4% .
: 33.3% .
20 b) i g 'f n o 341%
(&)
— W E1 -
—_—EXE-11 L
1 L 1 1 L L L 0 1 1 1 L 1 1
400 600 800 1000 1200 00 05 10 15 20 25 30 35
Wavelength [nm] Voltage [V]

X 2 2 GalnP/AlGaAs//Si3#A %X 5 LK EMD ETZhFE L O I-V EiE
(D. Lackner et al., Sol. PRL, 4, 2000210 (2020).)
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Ao KEEmMEE X, front contact/cap layer/n+—AlInP window layer/n-GalnP p-—
AlGaInP hetero-structure top cell/p+-AlGaP n+-GaInP tunnel diode/n/p GalnAsP
middle cell/p+-AlGaAs n+-GalnP tunnel diode/n+- GaAs bond layer//wafer bond//SiOx
tunnel oxide/poly-Si coated layer/p-Si base and substrate/SiOx tunnel oxide/poly-
Si contact layer/nanostructure/back contact., 6725, III-VILEWEEIX, 4.8un
Thod, BMANFEEND2D, BIEION RE ¥ v 7 1.51eV O AlGaAs I R/
Z T, 1.48eV ® GalnAsP X RV EZEMA L7, SiA MAEBALOIwmE /Ny VY X— 3 VIZHE
BLTWS, AlE., 23 34.5% (HifE 3. 987 cm %, Jsc=12. 8mA/cm?, Voc=3. 230V, FF=83.2%)
AER LI &z Wd Lz, 2021 1213, DR 36~3T% N HONLIESHH EDETH D,
EHERR TIE. % 25.9% A/ b Tnd, HEFEHARKEEmRE LToXAY v hyRE I
TW5, Electric Mileage 15km/kWh Tix, #idh Si B/ Z2HWI2HE ., 2800kn/F (BR O
FACHEEH) L 10200km/4E (VFIF 2 m) (2% LT ITL/V/Si # v F A& AW 54 . 42000kn/
B (BIROZICHEE) | 14300kn/F (1 1FamE) &, ARNTHLEE LD,

(3) B. Abdollahi (Karlsruhe Inst. Tech.) Hi%. “High-Efficiency All-Perovskite
Tandem Solar Cells via Vacuum-Assisted Growth Control” SEEHL T, *u’72h A4 M%&
2T ARKBGEMICONT, B Lz, A= Xa 7 AhA &2 T AKXBGEMT, & H
R EOD B ERGEMFETOE ThH D, KL TIL, BEZEZT > A Mk E 6l (VAGC)
Z, KN KXy v 7 (LBG) 1.2~1.3eV ® FAMA (1-5) Pbo sSngsls X1 7 AW A b A E
2. HWT W5, VAGC 1 THERI L 72 LBG X1 7 2 1 A b~ KBy (PSC) TiE. %1 18.2%

(Jsc=30.0mA/cm?*, Voc=0.81V, FF=75%) NHE LI TW5H, H&&EMIZ, LBG PSC (Eg~1.27
eV) LU A4 RN RX¥y v 7 (WBG) PSC (Eg~1.63eV) ICXDEXa T AAA NZ LT A
KIGEM T, K2 3173 KT, 40 AR T, 213 23% 2 F TW\W5, 20 AR T,
ZhER 22.2% (Jsc=14. 8mA/cm?® Voc=1. 9V FF=79%) NE 5N TWND5 E DHETH 5, %% 25.4%
. ERATREE R TS,

o

—_——

[ PCE:23%

k

Current density (mNcmz) o

-
H
ad  Glass o
P
H

10 o 4.5%:_.::

| —o— 1.26eV I
15 F—o— 1633V :
[ —o— 1.26eV/1.63eV ¢

1.63 eV Perovskite
Spiro-OMeTAD

J MgF,

O|

18.5%

|

Glass

06 08 10 12
1.27 eV LBG Perovskite Voltage (V)

i-ll
=]
el
o
(]
=
M
D -
I~

X2 3. 4R T ADA N/ RXaT A4 & T AKEEME B
(B. Abdollahi et al., Advanced Energy Materials, 10, 1902583 (2020).)
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(4) CIGS & KIGEMOFEHIL, W TE R0 ->72D T, #HiE O 36" EU-PVSEC O M.
Edolf (Uppsala Univ.) Z X % £ 5% 5 “Research and innovation in CIGS and its alloys ~Which
are the next bottolenecks?” ¥4 %, £ 112, VY —F7—7 0757 7 4 7 % & E 4% CIGS
KGEMOR ML ~T, TV a2— AL, V—F—T7n 7 4T OEE 84lcm? T, %)
% 19.2% . Avancis @ 30cmx30cm T. %I 19.0% . Niesole ® i f& 1.085cm2 T, #h% 17.4%
ORI TH 5,

1 CIGS K5 E MLl =R DR I
V=g =78 Solibro ZSW EMPA
T 4T
Voc (mV) 734 739 741 734
Jsc (mA/cm?2) 41.3 37.0 37.8 36.7
FF (%) 80.4 79.6 90.6 77.2
n (%) 23.35 22.9 22.6 20.9

CIGS KEMD @mBhElicmiy, HRA =L, JEHFHEEG. Y F4+78y b,
TCO oy 7 7 DI, CIGS WINJG DRI A FED )V 7 FfEs, Bifia ¥ 7 NEIZ
B 2 HF 2B OB RN £ & b=, CIGS YW UL JE @ Post Deposition Treatment (PDT)
DRFT S TWD, PDT 2 LIZHAT, NaX° KF ® PDT {2 LY Voc 7] E23E 54T
%, S HIZ, RbF X° CsF @ PDT T, #EEm Lo RRIH L EN A IR TS, fl 2
IX. PDT 72 L. KF-PDT. Rb-PDT. CsF-PDT T. & 4. ZhENR, 17.7%. 18.6%. 19.1%.
19.0% L #mESINTWD, PDT 2LV, JWILF M D Urbach energy OELE 37> TE
V. PDTIC X2 KRIGAKHA, —2DHETH A5, ROF-PDT, HWFEKMKE CdS gk L O
A%y Z(Zn,M@)0 B O HIC L0, ZSW 23, 2% 22.6% % EK L T\ D, KRR OFES
AL, 103~10% cm/s TH Y . GaAs ik Lok S H AL CIGS KBEM b MF S
TWVWDENR, BALRAHNTND S L, X 20%RETH D, CIGS HWILEDFKiE, £
/Ny v _X—=Ya bR SNTWND, A RET Vo728, BElKHicL s
light trapping O G ER D> T D, EilKH O PRI L0 . B L E RS E
0.46mA/cm?> D7 A4 U HH LN T WD, In OFFREICEHAL TH, LI TWen, FE
70GW (X, KLKkEoHETH D,

(5) Arno Smets® (TU Delft, HyET Solar) I%. “Flamingo PV Project: Recent Advances towards
high—-efficiency, reliable lightweight and flexible Thin-Film silicon Solar Cells and
Modules” &/HL T, Delft TR EHYET Solar& MILFEMFIET =7 ML T, FL—F ViEES
1T o7z, WIESTRGEME Y 22— ~OREIFT, o blehi, K2 412, KK ES L OE
Vo — VRO ERBRAEE A T, RS TR ML, AhEAE (Flem?) TIEX, 2RIV, a-Si,
WO EnS1 R S KB, 286, 364 7 LB AOZEMFRIT, K1, PFERIFD10. 2%,
11.9%.12. 7%, 14. 0% Tdb %, MR T, FEEHHE D 7NV —T O 286 5 7 LA O%)314. 8%

(& lem®, Jsc=14. OmA/cm®, Voc=1.424V, FF=74.4%) OFI7&H %, HESiKMEMIT.
24\ TF T XIS, REEEY 22—/ Th, 2IRITTFRLRN, 2EEX T LENLEY 2—/L T,
TELIZ X 2% &b 0312, 34% (FFE14300cm®, Isc=0. 902A, Voc=280. 1V, FF=69.9%) %%
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http://www.eupvsec-planner.com/speaker/207039/Bermudez.htm
http://www.eupvsec-planner.com/speaker/207039/Bermudez.htm

N5,

Batch processing
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1j-organic PV

LAB CELL (not stabilized)
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0,01 01 1 10 100 1000 10000 10m? 100m?
11UDe|ft Area (sz) Roll to roll processing

X2 4 FFEKEENLSIZOEY 22— LVRBOmBIKGEYE (Prof. A. SmetsHRft)

. ll

EQ

5 :

% LR = 23%
(0] .

L c-Si

o 1 'Y J

o \

g . | LR=23%
=

ul

10% 10" 10° 10" 107 107 [
3 .
TUDelft Cumulative Producton (GW )

o
N

[2] Oerlikon/TEL and HyET solai

K25 fEdmsSi. [bAWElFER X OVEIRS 1 KGEMT ¥ 2 — L Ok o BFEAPE BRI
(Prof. A. Smetsffit)

Generation 8.5: 5.7 m?
64 MW double junction
(310 modules per day)

a

1120 MW micromorph ThinFab
Generation 5 (1.43 m2)
(2330 modules per day)

2L
TOKYO ELECTRON

cerlikon

3
TUDelft

X2 6 JEESI AKBENTY 2 — VEYEDBEO TR (Prof. A. Smetstifh)
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X2 512, #MidhSi. (LA & ONEIRS i KGR 2 2 — /L Ol O BRFE A PE BRI 2 7
T, WEIESTKGEME Y 2 — /i3, Ko X FOEFEEAT D, K2 6121F, HESIABLERETY =
—NVEGEDBEDOERG 2R T, %< OWBERBGEMERL, MAESiKEEMOBEEOENT, U
ZAT LTS,

Thin-film silicon PV in large scale utility*

Fixed Tracking Floating Rooftop

10h
1 40 100.MW,, 100 MW, _ 100 MW, 2 B Fixed Costs

Il BoS Transport

o 1.20 BoS Plant area
9 1.00 BoS Eleclrical
s . . . . . Il BoS Mechanical
3 0.80 W PV Module
T 0.60
£
S 0.40
0.20
0.00
c-SiTFSi c¢-SiTFSi c-SiTFSi c¢-Si TF Si
P 18% 12% 18%12% 18%12% 18% 12%
TUDelft

* Source: HYET Solar and Solliance

2 7 HyET SolariZ & % MiESi KB DT Y o — Ak OB F & ftshSi K EMET Y 2 —
L DbEE (Prof. A. SmetsHfit)

HyET Solar Flexible Module Processing

carrier foil

encapsulant /

fupelft HyteT Solz
(12 8 HyET Solarttd 7 L ¥ 7L KMEEME Y = — LD 7 at 2 (Prof. A. SmetsZfik)
Objectives .- pr .

1. Improvement of texturing of factory baseline

Wet chemical etching

Targeted values: HyET Baseline

. Correlation length (L¢) = 3-4 um rl:rcn_ 497 nm, Gpms = 28.4

= Aspect Ratio (ogys/Lc) = ~14% AR = 57%

2. Upscaling from lab-scale to roll-to-roll (R2R) production

Optimization of lab-recipe bound by machine constraints

e
TUDelft
X2 9 Flamingo PV Project® HHY (Prof. A. Smetsfifk)
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B4 2 712, HYET SolariZ X % S KFEEMDE S o — Atk DO EHE F & SLS1 KM EMmTE Y 2
— )L & DI AR, 2 81%. HyET Solarttd 7 L o 7L EEKGEMTE Y 2 —L D7 at &
Y, ULEORERZRE 2 €, #HESI KGEMT Y 2 — VICHEKET2EmTh D, K2 91T,

Flamingo PV Project® BMJZ /KT, No~vF—T AL N, TI7AF X VT ZHEAEET V70X
YT X VB =g OB MBIBFE ST,

(6) Z D, NICE Solar Energyll & 2 EBIKGEMEY 2 — VEEDOTOOKREMA 7 Y —1HI
flz X7 N AXYE— 3, Mleroquanta Semiconductor®IEC6146 Aging TestiZ L A1 7 &
A I =TV a—VOEEM, NRELIZXDE /Uy w7 3 H T b, DARSFEDNA T4 b
ThH-oT,

5. 4 PVEYa—Jb, BOSaAVKR—R> F53E:

(1) HiE36th EU-PVSEC® M. Vanlseghem (EDFR&D) 2 & % JLH 35 “An overview of
module reliability”73, £ & £ > TWVWL DT, AT D, PVEXOILK L ILIZ, PVEY 2 — /L
DML, fx, EELARD, PVOLREN L EMEEMEX, PVORDICEERRETH
%o F£79. IEA/PVPS Task13DIEE OMEE N WA 47z, 20 [FE36HEH, 604 OFME NS
B L TW5D, R2FEMOT —ZIZ XX, MEFIZIE, PVEY 2 — L OHFEIT, S
T, F10.8%~0.9% /FEDHERTH S, HITT, K1%/4F, EEIXL 4% /FETH5H, £
22— b OHIE, 2 A MIBEDLY ., T ETiE, IEC61215X°61646(ZHEMLL T, M A b L
AR BECQualification® 72 SN TWDH, HLWEEBEFE O - 0I12iX, = A b /EEEk., WA
A, EEMA SN EE LD, Qualification testiXEN. I TV, HEZ D Quality
Management System, ¥ A7 AEFFCHBEBMENEE LD, PVEY 2 — LD R, L E
a—3N7, M3 012, PVEY 2 — VOMBKRELILE— FE2RT, 1~2FTiX, &V
7 7 v 7 R°glass breakage/s £, 3~4479 5 & PIDFH L. EMBIZIX, EVA discoloring7p
EN, HIEERE RS TV 5D,

Power [%)]

A EVA discoloring

LID0.5-5% Glass AR deg. Delamination, cracked cell isolation

Prominal Tr———— L <3%
<10%

PID !
Diode failure !
Cell interconnect breakage

Corrosion of

\ cell & interconnect

Contact failure j-box/

=
string interconnect )
Glass breakage §
Loose frame <
] 1 X 5 -
. e . ¥ 2 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, |-
box — junction box.

30. PVEY2—/LOIMBRESLE—F (IEA/PVPS-Taskl3 Report)

3112, PVEY =2 — LD ERBIFHIRERT,



DOUVERIH 12 X % B 1E#f D discoloration, @A ¥ ¥ —ax 7 ~ U R ROWEHRE G O Mk,
@# kM Ddelamination, DL DENLY T v 7 OPVEY 2 — LB E ik, REB X
QREEF DA R A, ®Potential Induced Degradation (PID) . ®catastrophic failure,

R ENEA I, A%IT. PVEY 2 — VOEEMER O XL 5 il s . Pyl
Quality Management System# A RZ7 A4 VOB IZIMA, TUVA Rt - HE - AT X
o b, ®WiEa s br = NEA bV ARBROM L. 70—V FTORBIEN, RN E
HlLEEl,

Unknown Encapsulation

/ defect and

Transport 5%—\ 6% Backsheet 9% ———
damage

Delamination

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

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).

module failure statistics are drawn in
grey scale.

31. PVEY2— VOERRBZEILE (IEA/PVPS-Taskl3 Report)

(2) 1. Kaaya & (FhG-ISE) . “Assessing the Effects of Photovoltaic Modules Long—
Term Performance Degradation on Lifetime Energy Yield Predictions” & EHL TC.
PVI AT ADOEREY A7 OBBOZOICIE, RENR= X —INELZHERICTHT L2
EBARFRTHD, LML, ZHUTlE, BRREREESRMNE, v A7 AKEH, 2R —x b
mE., VAT AMERORMARE (B R E, ZLORBRLIEELZZT D, THKE A
EEELEDITIE, 20RO ENENEZERNICHRF T OILERD 5, RIFFEDOFE R

BRIZ, EMOKTAEYMONETFTRICRIETEELZFMIT I ETHD, ZNEFEHT
BT, 5L BB ICH ST PV AT LADEY 22— L F— 22 WA, “hizky,

FILET NV EREZEL, INLOT — X E2FEHLTKRIEL, AT 22 &2 HfET, ki, #
B THNCE 25TV A 2mEH L, EEOHEREINTCNEE KT H 2
LickoT, BILIC L AR MEE M ZES, £ 2 — /)LD normalized power (X, P(t)/Po=1-
kt [k:H btR%, t: K] OXT, Al TELET5HL, 4.2FFZOHNEIT0.3%/FT
B8 AFBLDOEIFEIT0.6%/FL . EI)HLEELZRT, ORNOMEIELTIELAR < 1-exp[-
B/ (kt)) # 1 lmexp[-B/ (kD)) * ] R E, FHEMBEL DO —A b b5, CdTe X CIGS K
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BEMETY 2 —LOEMRRT -2 080 En Wb, Hib "% — ik, Y 2 — L
WCHIRKTEL., EHTHIOEZDICIE., SORRENNLETH D,

(3) D.C. Jordan & (NREL) i%. “High Efficiency Silicon Module Degradation - from
Atoms to Systems” LEL T, @R SI KEEMET Y 2 — 1 OLEICHO>WT, FHEL -,
WRKOZHXNLF—JRED AR NFEEIEFFORBGRFEEBICL o T, FEEIFFEFICEET
bbH, fEk, PVOEEMEIZ, HILE—RFEWEE—RRB Ry Fr—U v ZICEHBED V7 &N
TWele), EVa— A"y r—IICERE Y T T& e, BUIRTIL, PERC, IBC, SHJ Xk
BHLE Y 2 — OB RIE, (U3) %IHFE, (13.6) %IHF, (1/6) %lIF. LOHETHD,
ASH EYa— ARy =0 MA T B VICER L EEEOBMERBEI ATV,
Z 2 TClE, S o roughness i, TEM T, KFE4 72 £, SIMS T, FFficnTWb, Si 7
2 HEA (SH)A LR, a-Si & Si SV O R TEOKFEOFSAMICEEREL TWND I L
RY, PERCEYV 2— VT, Ror—V v 7Tl KEBEWMMN 7 4 — NV REBFICHLE
fELTWDZ 2R TXY VT HEMOEROBAZRT, A ML A FD PERC E/LOE
X, KEGEMNTHERDO HHEOME R Lc, RPFLARXAVTHIMAD =L EZBFETHZ L
X, AD=ALZ LML, L0 ERICHEETHNEZT 5 ETEETH D,

(4) Zoffi, IAHW (2 X% PV-Thermal ~A 7V » RabZ % —_ UNSW (2 K 5 &R
Energy Yield ® 7 7'v —F  RSE |Z X % Maximum Power Point (MPPT) 7 /L= U X A PCCL
® 1EC61215 D i M2 X %5 BOM (Bill of Materials) @ EZE M, UNSW (2 X% Si PV ©
remanufacturing BT 7 U A BARZFEDONAL T4 N Tho T,

5. 5 PVIRTL, R, ER. 177 L—2ava:

@B N, AROSKFETH, LMK THH 2 &, RSz, 4, #Hif., BIPV
RV =T =2 VTR EDODREREND 5T,

(1) M.Yamaguchi b (BH TRk, ha ¥, 6 HE, v —7, NEDO) iX. “Development of
high-efficiency and low-cost solar cells for PV-powered vehicles applications” & 8 L T . H.# H
Ki@EM, Y 2—VIZET IRV ML RE SN, ASFEONATA FO—DTHo
DT, Wi d D, M3 21T XHIT, BiE/nETH COHIALET, 2030 4FE T
.YV — (IEC) X, Brichd e PSS, LL, A7 Y v FH (HEV) |
PREFE L EL (FCV) PEXH @ H (BEV) &, COHIE D K%, A~ +43 T, PV-EV (RE-EV)
mE. KR EEBEVTRTANLF—DEANRKLETH D,

¥ 3 31X, NEDO K5I E L AT LB EBHERFNEZEE S 2K 2 KGEMAER
HEVEDOBEATHZ RS, BAEARBTZ X LT -0 KEEHEN AELEE X LI,
2050 £ (21X, #9 50GW., BEFEHK 1TW O fi Bk, Hffsnd, K3 41k, Fa ¥,
SHPUTOMA (K 5,000 HFo@EE=—X) (TS < PV-EV EHAIZKT 5 K5EM D
MBRBEL ORI A MDA R N %&RT, PV-EV OFRBEREADOZDI21%, KEEMLET Y
a—VOENFEL, Ka X MERKETH D,
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32. HABIOXREICEBTH2MAxOBHBHED LknmAEFTYH 720 O CO, HIEHEH O L
(M. Yamaguchi 375 & £h)
Prediction of a number of PV-powered vehicles

“Number (x1,000)
60,000

» Vehicles without onboard PV
= PV-powered Vehicles

Increase rapidly

20,000

53,356

10,000

O.IlIIII

LR EE RN TR TR E R XN 8
EEEER R R LR R R R RN R R R

NEDO's Interim Report “PV-Powered Vehicle Strategy Committee” released on Jan. 315t 2018.

https://www.nedo.go.jp/english/news/AA5en_100358.html

X3 3. NEDO I KIGHFEEI A7 LrEWABHEMRNLZES] ITX D5 KGEMBRHA
FhE D E A FHl (M. Yamaguchi &% & EF)

B PV cost =$1.5/W

PV Efficiency (%)

0 10 20 30 40 50 60
PV-EV Share (%)

X34 Fay, BHPMHOFHEIZHK S PV-EVEANIZK T 5 KEEMOGERL IO
a2 A2 RDA 287 b (M. Yamaguchi 28 7 & k)
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Required arealeff. for installing 800 W modules.

8
===-Electric Mileage 9%km/kWh

- - -Electric Mileage 12km/kWh * nghtwelght

Hﬂﬁgﬁmum —Electric Mileage 17km/kWh ) .
«\/isual attractiveness

--------- + 3D surface applicability
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Fog
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[
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0 Smaller install area is better
20 25 30 35 40
Module Efﬁcient_\" (%)

A. Rooffhood/side (~4.5 m?)
Module eff = 18%

J  ttsoarcelcenal comisalar_papehmi |

[ 8]
//i
«
I
I

B. Rooffhood (~2.5 m2)

High efficiency module -Q
. |
Film + colored module | 1ll-V, tandem, MJ cells

35. ZHE30%LL EoEFHHBDERGEMRE Y 2 — /L O LEME
(M. Yamaguchi 7 & k)

DREORMED — A HD OFEETHEES, N 2dkmThH 5, RAEORBRL
Ry Fxy hOmMIL, $e<, 30km/B L EOEITHBEZ EBLT 51201, 30%LL Eoghk
KGEMEY 2 —VORBPERIND, K3 51F, 2hF 30%LL Lo B & FK
P Y = — L OB Z R, RIGEMAHE B HEOBEEER N GHEIT Sz, Bk
T EHAKGERE LT, EEMES ST KEEBMLEY 2 — AR HOLR TV DA,
M 25% 0, BREBxOND, W3 5ICRTEHIC, BHAKGEMEY 2 — 1 D%
RY =5y T 30% L LTS, BURTIE, L& 11I-V LM v 7 L KIGE?
TV 2 L DOBRMN, HREEREEEZMIZL TS, SOLRIMEMEILETHDH, K
PBEMMEY 2 —LOKa X MEbSLET, A% OEBERENAEO—> L LT, Si ¥~
FARKBGBEMDBDH D, M3 6ITRTLIIC, 2EABLVO3ES Si ¥ F 2 KBEM
T, % %36%., 42%LL EDO @B N A HETH 523, InGaP/GaAs/Si 3 #:H % v 7 L KB
B, w7 ADA MNSI2BEEF T AKRBEMT, 2, K%, 35.9%. 29.15%D 5
RTh s,

50
3], rs+1/rsh=0.025
45 = +3] 1s+1/rsh=0.1
: =21, rs+1/rsh=0.025
= 2] rs+1/rsh=0.1
= 40 O Data, III-V 3] -
S @ Data, ITI-V/Si 3]
= 35 ® Data, I11-V/Si 2J
2 A Data, Perg/Sr?]
= -
g 30 i
= - [ ]
= PR A
o D= ® o 4
20 ® ®
15
0.01 0.1 1 10 100
ERE (%)

Potential of Si 2-junction and 3-junction tandem solar cells
(M. Yamaguchi et al., I. Phys. D. 51, 133002 (2018).)

36. SiZ T AKBEEMOIUIR L & 2RI O AT REME
(M. Yamaguchi et al., J. Phys. D. 51, 133002 (2018). updated)
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3T RT LI EFERBRH > ¥ — 7 @ InGaP/GaAs/InGaAs 3 #:6 KGEMFEH - =
% Prius PHV & BPE LA Sz, EHEADRIT, 34% T, KEBEMH 1L, 860W ThH
5. KBBEANRDE—T, ¥ 44kn/H DOEITHHFHFTE S5, K3 8%, InGaP/GaAs/InGaAs 3
HENGEMmER b3 % Prius PHV OAT - SREEN T HET OB Z R, ETHABRO
preliminary & — % H# /& 7=, K 3 9 1%, InGaP/GaAs/InGaAs 3 £ & K 5 7 th #5 # (860W)
SEFEH. (b= PriusPHV) B KO SI-HIT KEGEMAHE (180W) » = & Prius PHV D ET
PREED A BRSBTS DR AR EAE L O 2R, SROERFEHRIT, 418X
Ot 6.2kWh/m2/H & B #t 5:FT, %%, 29.1kn/H ., 36.6 km/H D EITHRRENTWVD, —F,
Si-HIT K5 EMIEHR O & 5 % PriusPHV (I, JEAEE A 180W ThH H Y, 8~9kWh/m?/ H @
HH&MET, 6.1knm/HDETATELRILTH D,

PV-powered car for “Public Road Test” 12/19

Collaboration with Sharp and NEDO o
InGaP/GaAs/InGaAs 3-junction (Sharp)

Prius PHV

Module InGaP/GaAs/InGaAs
Cell Efficiency 34%

Module output 860 W

Module area 3 m2(roof, hood, hatch)
Driving range ~ 44 km/day

https://global.toyota/en/newsroom/corporate/28787347 .html

Stated public road test to show effectiveness

3 7. FEIFRBRA InGaP/GaAs/InGaAs 3 # & K EMIEE b = % Prius PHV
(M. Yamaguchi ## J# & %)

}

3 8. InGaP/GaAs/InGaAs 3 #& K EML# ~ 3 # Prius PHV
DOHA « SR T H E1T ORELEE
(M. Yamaguchi % # & #+)
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3 9. InGaP/GaAs/InGaAs 3 #: & KI5 EMEH N 2 & Prius PHV 38 X O Si-HIT K5 &7
N 3 & Prius PH O EATHEEED A 5 S A BT 25 E RS R & ZHIME & o g
(M. Yamaguchi ## J# & %)

I TIE X4 0 RT LOIC, 3#EAKRGEMOFFIKMGEENTY =2 — /L (B3 32.84%)
DOFREEDLWE I N,

1=V CURVE e —
10.76 cm2 (designated area)

4 0. InGaP/GaAs/InGaAs 3 #EAFHMKMGENXET Y = — VLR (B3 32.84%)
(M. Yamaguchi ## J# & %)

(2) 2O, PV > 27 A PERESY BF Tl National Center for Atmosphreic Research <> Univ.
Pisa |Z & % solar radiation & J&/E8 /) ® T #|, Eindhoven Univ.iZ X5 =4% VU > 7 IZHBIT 5
vy 77— 2. CEAICL D7 14—/ FIZEIT 25 PID F Lo BB H . Univ. Evora (2 &
5HOMHEICEKIT D storage DEZEM:, UFSCIC L B4 7 U v 7 F > MZEIT D storage
DEFEME, BB, KEHEDONA T4 Mo T,

(3) JxH4r ¥ <ix. BIPV, Fraunhofer IMW (Z X % Agriculture PV X° KU Leuven (2 Xk %
Ecological PV 23, KEEDNA T A4 b Ero T,

6. PV &, mig. BRFNF -
(1) NRELIZ X %7 Sustainability of PV for the TeraWatt Era” . SwisssolariZ £ 5

“Only PV Can Deliver Enough Power to Decarbonize” . European CommissioniZ X %
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“Potential Regulatory Approaches on the Environmental Impacts of Photovoltaics:
Expected Improvements and Impacts on Technological Innovation” . Hi ERNIZ L% “The
Value of Efficiency” . CEAIZ &% “First Economic Benchmark of PV Technologies for
ATAMOSTEC in the Atacama Desert Chile” MAZZFED NNA T A4 b &lpo Tz,

6. RBi8 .

AEl, aaF oAV ADEE T, virtual conference, 78 o7, R[BIZ, EELBIT S
L. AUy FBELLNDID, BRICE LA+ T, —HBITTHY, Fx OEHRLHEND
%, face—to-faceDRFEMN, MWEELEXLNDH, FFIZ, FERLEHEWAEIZE > T, BED
B WESE LI S5, 6 A OIEEE PVSCOvirtual conference& He% & ASEIZ, £ TIA
7T, BWEEY, HEOFIZ, EHEBOVIPORAZ vy 7O R—FbH D, AL— T
ATWI e S, 7272, TIEEE PVSCIZEE R % & | WGEEOE., BEFENEUNL 7T — AR L0 o
ek 95, E7. IEEE PVSCO L, GEMAMELHIT LAY v bR d o7,

L E DFEIT NEDOS | ¥ = 7 b@iﬂ?ﬁ%ﬁf‘\ HAND DRSS ME NV IRnoTe, &
BOKGHEEEORBLHIGIERO O, SR EE HOXERLETH Y | HFFEH I
DEILRDLWEENPMLETH S, jtﬁaﬁfﬂz%it%;‘n%é @é%fxémi Elb, K= 2 Mb, E
FmbOWRNIZHY | RO I LR LML L EEFHEENMLE TH D, fidbSIKEE!
EELRGHEEEOMIMBEAONZHOL, SHECL_ILVE LTI ERLETHD,
R, Si% v T ARKGEMMD, SBZOWERBEOAAL T —~D—2L7ehH 5, DHHE
WX, KGR EICEAL, MENEMZ TERWEERFIEHBEZITO 2N RO T
wéo%54§\ﬁﬁ*@éﬁ%&ﬁ%@@@%ﬁ%Ltm%@f&éo

LinL., A%DOKRKBIEHEBEORRELHIGILKRD 720 . smart grid<°self- consumption 7’
EE“(“&)‘Q Ny T VEORFMEINE DA TV v Mtﬁxu&%f‘&;%éo F 7o, A%

KFE%@%/JH/V%JZU\/XTA@ﬁE:’X MEIZbENTH D, BBV HISHRE
%IJﬁH%),ﬂ;Hﬁ“fbf:u\o ZOEHIZHL, BT e Yy NOEBELFEIIEOBER S HIRE L -
W, #C T KB FEE I, a*?jj TRAX—DENITRDOF, MEWRL, koY
— X —fIRICm T, BEALEEER S, SZROFEINHERE T —~ & LT, Si¥ v
7T A, BIPVROHH, VYA 7 VEORBD, EET&;%% INCDIR ALK XN [
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