FE I EAKBHEREREMRMEE (35" European Photovoltaic Solar Energy
Conference and Exhibition) $R&
2018. 10. 1
A E s (B H T R)

1. AEBB : 20184 9H24H~9H28H,
2. BAH#EISFT : SQUARE - Brussels Meeting Centre (7' U = v & /L, /L ¥—) |

3. A2EOWE -

WITHEDONV I BTNV T TOE 1 RISER, 1ELEICBHEE I, 2006 4FO N Lk B
TTOEENOLIE, BERBIND KR EICHTIMMNEHETHD, SEOZFEOM
fik Z: B & 1%, PierreJ. Verlinden (AMROCK) T, #w3XZ B &% Robert Kenny (EC-JRC) Th
ST, AR, EEIRE T, N 1L,2004023MELDOETH L, BiEIL Y, £ 500 4 DB
INER T A4 6 B S - R &5 WCPEC-7 CK[E 23 IEEE  PVSC, A £ 3 EU-PVSEC,
TVT  KEFEHIX D223 PVSEC D AR SHE) OFENRRNATWD LB S, HSME K
. AFTE TRV,

BJ1 ik, ERIR RSO A R T, 58 E NG | milEISE KV 297 Tk dh - 7223, 887
ORI EEND-T=, ETIEZ, O FA V1854, @A F > #5654, @ H AL, @~
F—A44k, @A A R4, ©A Z U T400, D7 T 38, @A A 320, ®F[E32
. ©EE291:, O@E27H, @KE25F, DIETH > 72,

Number of Papers presented at the 35th
EU-PVSEC
(Brussels, Belgium; September 24-28,
2018, 887 papers

| Germany
O Netherlands
@Japan
OBelgium
55 | mswiterland
| Italy

@ France

4 50 | ospain

@ China

O Taiwan
OKorea
OUSA

O Others

07/ 2932 32 38 4041

1. ERIERGR IO (RTS (BR) 12 4t)



X2 1%, BERIMEEOSEINNRZ RS, 5B TIE. OESIR2591, @QPVYy 2T
LAOPERE, IS BRHEEE225(F, @ F ¥ 2 — /L L TUBOS154F:, @HE R R (HHESi, CIGS -
CdTe%IHI B - AH%) 1091, @ERBEMEINIIA., OKBIEHREBORFME, W

. BUR39, WYKL E. FHI9E, OIETH -7,
Number of Papers presented

at the 35th EU-PVSEC
(Brussels, Belgium; Sep. 24-28, 2018) 887 Papers

39 19

B Crystalline Si

OPV Systems

@ Modules

O Thin Films

O Adavanced PV
@ Market, Policy

O Concentrator PV

2. FEEW B OSBRI (RTS (BR) #2 4t)

Becquerel Prizel¥. Prof. Peter Wuerfel (Karlsruhe Inst. Tech.) NZE L7, K&
MO EICEAL T, EENRHV ., REICDOR 2 KIGEMMIE~DEE e & O EE DG
fli S, S EFLAHEE T, charge\ mass, particle®D AELAS, KI5 E M O BRE) /) & 1%
o Th, jﬂ% Hﬂ@jf/ﬁ@t . selectivity?ﬁi\%gf\ O~ 7 A A N KBE
Al ] N Tﬁ/\ﬂ‘/ﬁk@ig PEDS IR~ 5 7z,

4. ERERBXOHE

EX Tk, (1) EZEEE D P. Verlinden(Director at Amrock Pty Ltd, Visiting Professor
at Sun Yat-Sen University, Guangzhou, China) DRENH 72, X — DR A DO FEN D%,
KGN HEOBIR LS HBOHFMMEZBR Tz, fdh Si BAFEIT, BHRDEDOK 90% D
26. 7%73> ER I THEY ., CdTe X CICS DR TIE, L 2% UL, F T atLT

. ZhE 27~38.8%., LXK BT, HE 6% DR TH D, 2018 21X, PV O RFEE A
1L 0.5TW, 2022 F Tz, ITWORBMEE AR LA 9, X 3IZ, Shell ® Sky >+ U AFIZ

—RTZANAF—ICEDDL PV EGOAEE R L F—DOREEANE TN Z/RT, Shell
@D Sky ¥ F U AT XX, 2030 £, 2040 4, 2050 4, 2060 45, 2070 4F, 2080 4, 2090
B 2100 FFiCix, &4, b, 12.7, 22, 38, 51, 61, 65, 7T0TW D RFEHE A EN THE I,
PVIZ, ENZ XAV =R B7EAH9, 7V —rZpxAX—tha0AI R\, BFFEEH %X
HET, MR LS X MEREICMA, Ny 7 U Lo, Hike, Y—exXhGHn
MUNETHDH LR 7=, HlZ . BIPV R energy carrier & L T® mobility ®#l A5 TH EHE
LR R



Primary energy use in Shell’s “SKky” scenario (26 March 2018)
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4. Si ¥ T AKBEGEBMOEFENOATEENE (M.A. Green, presented at the PV Asia
Conference, Singapore, Oct. 23-24 (2012).)
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Electricity Generation in 2015 and 2050
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B In 2050, solar PV accounts for 69%, wind energy 18%,
- | hydropower 8% and bioenergy 2% of the total electricity
mix globally.

|
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o Gas generation is only from renewable energy based gas

blomassiwasts

*
! o o (bio-methane and power-to-gas)
II it Nuclear power still accounts for negligible 0.3% of the

-_.

primary electricity generation [TWh]
~

- total electricity generation, due to the end of its assumed

technical life, but could be phased out earlier.
. . . . . . - . . r source: Breyer etal., 2017. Solar PV Demand for the Global Energy Transition in the

2020 2030 2040 2050 I Power Sector, Progress in Photovoltaics;  Ram et al., 2017, Global Energy
ymars ShristianOnRE System based on 100% Renewable Energy - Power Sector, report
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Trend: market share of cell concepts

2016: PERC =15% (in line w/ IHS Markit)
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8. M Si KGEMOHHE Y =7 0% L Tl (ITRPV 2018, ITRPV Ninth Edition 2018

including maturity report 20180904.pdf )
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What comes after PERC?
se 1: Families of Potential Closed-Shell Adamantine Semiconductors
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2 S~a
& 01 S~
= ) e _
4 3 2 1 0 1 7 2 ] Calculation on GaAs cells at Jsc=30mA 'gm'
10 10 10 10 10 10 10 5__ Calculation on QD cells at Jsc=30mA/ecm”
— - GaAs Rs+1/Rsh=0. 05 D Rs+1/Rsh=0.2
External Radiative Efficiency (%) ] Z . Gas Re+1/Rehe0.15 —— gn Re+1/Reh=0. 45
. . . = . ] - - - GaAs Rs+1/Rsh=0.5
B10. &1 Fy hBIXOZEETHT K Y T T T T T T T T
FBDON RX vy v TRV F—Eg IZXT 5 10° 107 10° 10® 10t 10® 10® 10" 10

B e B R HR 2K (Eg/q-Voc) & FE I PG & B

T EEE Voe (Voc, nrad) O7MERIE %02 (ERE)
IFME (M. Yamaguchi et al, Progress in PV,
26, 543 (2018))

1 1. QD KIGEMOZHE L EFHEE I
HAEHeh = (ERE) {&{FME (M. Yamaguchi
et al.. FHEEEHE)

K10, &2F Ky b (Q)) BXOZEEHF (MQW) KEGEEMDO NN FE¥y v 7T x
Jb X —Eg (k3 5 B Acdin B8 48 2K (Eg/q—Voc) & FERS B 6 & B i 8 )+ Voc (Voc, nrad)
D YR FE N2 (ERE) K 771k & GaAs KBGEM & Dbk % ~3, B &L Voe 1%, ERE (Z

LT, mRATERSIND,



Voc = Voc, rad +

qu In(ERE) (5)

TR HIE, ERFAEAEGEERELTH Y B ER S EE Vocrad T, RATEHZ B
nb,

»gcmd::‘(rln(‘]L°“°ﬁ"“)41J ®)
Y q

‘] O,rad

TIT 3 V) T B TEREA O 205 O BRI T Ok BT EE T, ), . K

WG DOHOEEOMMEBREL TH D, K9 D AV ras=E /q—Voo ras D 1L, KE5E

OO ETFEFE (EQE) OWRET =226, Rt Eiiz, M1 0ZRT L oic, MW = QD
KEMIL, IEMFAFBHABEENZI LD, PHE XYV 7T HEMEECKEEHFESHE LD
BIZE Y, SORDENRAENARETH D & F 25, I Cix. BB EHHE % (Bg/q-Voc)
X, AAEBR R (ERE) 2 R E L LT, 7=, |PrERIE, RN T FFICHAAAT,

1 112, QD KGEMOzhE & FHHEME ORI FE (ERE) KFEMEE T, B
Pl(rs + 1/re) <0.15128BWT, AEFENKDFE (ERE) £ 0.1% 716, 10%IHKFET D Z & IT
L0, 24%., HALIRH (ro + 1/ra) <0.05 2B W T, 25. 8% DERALANHHTE 5,

Alal, B 1 212777 QD OERINEE D 2 2T v TR E T LA AV, QD KB Ry v
DEMEMET NI HE S FHEN RS, QD O HEEEKL Th 5 HUH i S8 5 233k & i,
RO RS Y RIS <AV R Ta%f%éétﬁ&%ﬁﬁf*/\?a%%mméimio

[ TR RS S | 2 N
1.2 - 1
Eb: 0.1eV C ] Expercilrgental recor[;is in Ref. 10*212
- - Jsc add-on: @ 10 @ 11 @ 1
1.0 - 104 ° L
] C ] Calcuéation N N N
>na ] o ] bl :y:EQE:e’ 10 A 11 A 12
ER g o] — s -
=2 X ] — Eb=0.35eV
2 0.6 —_— 2 - E ]
K] —_—1 5 6— -
< 0.4 H — 0.5 - % ]
1 —o04 C 5
0.2 - 0.2 L ” 4__ -
] — 0.1 [
0.0 [ L S B B S S S B B s s s e e s ey 2—_ -
800 850 900 950 1000
Wavelength fnm] 04 L
IRERRRRRRR IRRRRERARE IRRRRERARE IRRRRERARE IRRRRERARE T
N e — o BE 0.0 0.2 0.4 0.6 0.8 1.0
1 2. QDOKWRIRED 2 27 v T RA%E a
th
— e
7L (L. Zhuetal., Proc. 44 IEEE PVSC (2017).) B4 1 3. QDAKS AN D ELHE BE i FE T sc Dtk

I a AR D GRS SR & FEBRIE O Helge (ML
Yamaguchi et al. ., FEJEEE!

X13xrT Loz, ¥4 (A. Luque and A. Marti, Phys. Rev. Lett., 78, 5014
(1997)) # Y . QD KBGEM O FAEEIH E Jsc 1T, HWILE a, @ (QD 0)1‘*/\3‘—/7\/1/5?‘—
Eb, &F RNy MEE) BN 3kic, ML s,

L2l 1 41234 X512, QD KEE M OB i 8 & Voe @ b —Z /L OB KIT, S
IEE ar (QD @%é\i*w%‘ﬂib\ B Ky NEE) ofnedtic, #imL., /o, BEikE

N

K (BEHEHGHERK) L0 bARMEES GEREBEFRGERK) 28 Kes<hoTkY, &
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A DRKERBEL oo TS, R, K1 512" T L9212, QD KB o ZHsgh=R 1T,
FRULE a; (QD OFEEG =RV F —Eb, B Ry NEE) ofEmetkic, Wb+ & L7k
L, FE, QD OMAETRNLF—Eb=0.1leV, JEWILE a,=0.05 DEWVET K> MEE D QD
KEEMT, IR 18.3%NB"ELNT VD,

0.7 4 Evaluation on @D cells in Ref. 10-12 2
__ V(x:,[-]r: MN10 A 11 A 12 5 35_|\\IIIIIII o dvv s bew e dv v by v alearalanas \Il||_
Voc,int: @ 10 @ 11 & 12 F 4 L
| _\-—-_
— 06 - -
=] : 20 3
=~ E
c 05 F Y A e e e e e e e e e e e — e —-——-—— -
g_ ; E 'B_Q' 25 — ~ .. B B o o _ o L
o e S _ =
3 0.4 = § ~_ ‘—-*————————/_\——ﬁ———————
= ] ‘%20—\“ B A - - -—---- L
E E E g P e
& 035 E = o
= E 2 95 C
s 3 3 e ®
% 02 E é eo® ®
FE _: £ O 10 A e © ® ® L
=
0.1 = 5 4 cells in Ref,10-12 D-B theory with Eb=0. leV
E ] e10e 11 @ 12 —ERE=1 ERE=0. 1
3 E 1 fscin radiative limit ERE=0. 01 = - ERE=1E-3 [
E E 1 (evaluated from EQE) — — ERE=1E-4 - - ERE=1E-5 [
00 Y e od a0 4 na = EREIE-6 - - ERE1ET |
oo N oa oo N o 05\.|.....0-‘2Hu....;q........;é........og...“nuo
a, a,
1 4. QDA O BA i EVoe D B SRS 1 5. QDKFGREM D ZEHAZN =R DI a, i
K OSMAMEAR 2K D I a (K A7 O R 5 FEPE DR & FZBRIE O el (M. Yamaguchi
B LEBRMEOE: (M. Yamaguchi et al.. i et al., HBEE})
)

QD KIGEMOFEEIL, QD DEKIC, I FAEEIREZHNTWNWDLZ ETHY, @mah®El
DD, T AESITHE FERHN B ARRZERBET ILERD 5, FERHFEEGE
Ror 1d, TPl TE B,

Ri.=a (Aa/ap) N/h, (7)
ZIZT, ald. MEHMEGFEORE. (Aa/ag) X, BT ARELER, NiZ, QD OEK, hix, &
JE., Th D,

BI1 6%, &7 Ny MXBEEMDNE o L .
Fe % (ERE) @ (7) KD a=1%& L1 14 Ref10 @
: : A Ref 11 (with SBL)

e ® rn (=a (Aa/ag) N/h) KFMHE 1072 S, lemetie .

T T RIS D I MO R A R T

OB L ST, EREVE, K F L, &% Ewh,mﬁ rrrrrr B N SRR AN S
B> Tns, K1 5ICmRT LD 1Te

o SBL CEHMIME) £l Xicky ., % e e e A S

AR GREZERMT 2 LERS D, 0o o (0. - e

L L R L A N

X1 6. QDAMEMDIEIENEh= (ERE) @
FHEBHBEAREGE AR (M. Yamaguchi et
al.. PHIEEEH
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4. 3 RS I ABEHLSE

(1) P.P. Altermatt® (Trina Solar) I%, “Learningfrom the Pastto Look Beyond the Roadmap
of PERC Si Solar Cell Mass Production” XL T, 'L —F Uik 21T o7-, K 8ITRT X IHIT,

PERC (Passivated Emitter and Rear Cell) f&i&fEaLSi KM AS, Tt & 72> T 5, PERCKE
LD EFEIM S | 201 T4E0D28. 9GWH> B, 20184121, 65. TGWIZ 72 5 Rl L Toh 5, 20504 % TlZ,

100% DFFARTRET RNV F—DEBLOT-DI2IE, BEEARZ2TWALE T, IIT-VIL&Y, 11-VI{LE
W, anassg T4 MEBWo~a T A A TEBUX, L WIEA D, FEmSINENTRA I, #h
paSi KB T ¥ 2 — Uik &, 20184 $0. 3/WAr 5. 20304E(2 1, $0.17/WiZ72 5 9, PERCEY =
— VY | 2004 DKI14% 5, 20184E12IE, 19. 1% & 72> T b, Ag, Ga, SnOEJFEHIK L H
V. FEemSi KBS EM TIX. AgfE B4, 40m/ B 520mg/ BT, BIETHARBALTH S,

unpassivatedt /L, passivatedt /L, HIT-IBC7Z2 &, KRR SI KGEMDENHRLDEEN, K9
WRT L2, mfranTng,

. Trinasolar
Patterns in the past

Mono-crystalline silicon

% N I I I I I IPas;si\.'atlad cén'(acI I I I I ] Gt')tzberger fit:
[ two-carriers) ) 1
»sF ISE — ((one-carrier) UNSW Passsivated f—t
[~ itt n — 0
< F smiter 1 n(t) = My | 1 —€Xp ]
(= - E (&
g 20f ]
S F 1 c: loss decay constant [years]
3] [ Unpasssivated ] _
£ 1sf tor years for loss-decay by 1/e
@ Z ® Hofiman 1 The shorter the faster is progress
10r Bell Labs Laboratory cells ] 2.5 unpassivated emitter
m World records 7 . .
o o In-house 1 5.7 passivated emitter (and rear)
5 -4 .
TSN S T T SO T S Y Y SO W 1.7 passivated contacts
0 10 20 30

Years from t;

Exponential saturation pattern:
Initial progress quick, but efficiency hurdles on the way.

Progress has become quicker — drawing from past experience

Data: M.A. Green, Prog PV 17, 183 (2009); M.A. Green et al, Prog PV, solar cell efficiency tables.
In-house data: author (UNSW), F. Feldmann (ISE). Fit: A. Gotzberger et al., Sol. En. Mater. Sol. Cells 74, 1 (2002)

1 7. HFERESIKGEEROSRIEOLE L FREFE (Dr. P.P. AltermattfEfit)

PERCO A 1% D 72 > DFANBAFE DI AL A B ENTee mT A 7 Z A b o Fitl (W E7213FZ) | =
Ly AEEOUGE, BSFEEOSE, A XV E—va rolE, RSy vy a L owEICN A,
A VU Si passivated contact, kR LY. KEEOFHR ENGR T, 38 I 21— 3
2 & 2 KIGEMOBPIN e Sh, @z RIEO ATRENEIC B DT i R i S e, X1 81T, fix
DEAFOEANE L HiiaaSi PERCKIEMOBRFLOFTREMEICE T 5 ¥R 2 L —va ViR EoR
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T, t =L5msOIERDEE, #h324. 35% DEBNHIFFCTX 5, MFEMBAROBEHICELY ., &%
ZRPERC KIS EM D K EEFENARE L F L DT,

Trinasolar
Beyond PERC

< 24 o tandems
§‘ passivated contacts
D 23F hetero structures
s hetero emitters
= PERT, IBC, HIT
8 22;— n-type
% __ etc.
& P Above about 23% (?) other

[ device structures and materials

} may become competitive to PERC

Reference advEm Al-B- BSFb 2 S Cnt10pm selEr .
selEmi  BSFseg seaasﬁn?asmn'ﬂ multiwire | ipace  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)

iltermatt@trinasolar.com 35th EU PVSEC 2018 — page 12

X1 8. FixOHMOwEMIC L DHEMST PERCKEGEMO &b etz T s I 21—
g UGS (Dr. P.P. Altermatt#2ft, B. Min et al., IEEE J-PV, 7, 1541 (2017))

(2) J. Haunshild® (FhG-ISE) i%. “Characterization of Diamond Wire Sawn Multicrystalline
Silicon Wafers” L T, 'L —F UGEEZITo70, HiEMHSIH > Ty hoUkic, ¥4 vEL R
Wire Sawing (DWS) RJA< (95%) WL TWE N, ZHEMSIA Ty b 254 221E, £7.
ATV —=UAY—RHANLNTWVWD, BERSIA Ty hODWSOR A (Fil, WA, U4 v oRKH
) 2. 2R A Ty NIBETIMEREOFMIZCH D, Zhid, KEEMORE = 2 MEREIZS
BmIRAH D, BAR T, BHESEA 2Fy PODWSIE, M2 RERICH LT, ZRBEA Ty PORT LRI
. K 3EERI D, BREIT, 2R OB AL, SICRSINO R, FiRN, 274 2B E 525,
KGEMPBIEDT 7 AF ¥ V)77 a ACRIETHITIE.DWSTYZANOREHEFRR Y —42ZET 50
ERbD, Flo, F¥x T 72V EB—vary /) OFEREZEETHILENS D, KL TIL. DWSD A
TADX Y T2 )E—va rnmE S, 80007 = N/KEODWSHFAIEEDETH D, 747
AL, 3FOPL (74 MLIFUBUVR) A A=V ZHEBEBRMA VLN, 156mmx156mmd % fi i
SIivVZ ARG ENTZ, PLA A= 7 b B8, 0.8%. 5.6%. 20% D CEASIRT, KA
19.2%. 18.5%. 17.5% T, M2, EAZEEZIH L TWD, ESDORZESL. 13,0007 =0 FAli T
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AFG—J >y FDOE~20umIZk LT, DWSIZ., 12~17umE DETH S, LiEmSIICE T 5DWSD A
FTAUX YT IV HYV =2 a0 lERIT. TETWSLHEFELHT-,

(3) M. Sivaramakrishonans® (IMEC) (%, “Overview of Cell Fabrication Options for Thin (<
50 uMm) Kerfless Epitaxial Silicon Foils: Recent Progress and Challenges” L T, 'L —F
Vi 21T > 7=, Kerfless #HRISiOT7 7V —F N5 7=, N7 fERSIKBEmRD 7
nt 2 TROBEHES ., 23 X MEBOXLEER RS T,

S Annual ¢-Si PVIC Workshop &Wﬁt
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
2, i

Parent ready

Reconditioning
for re-use

of the parent
substrate

Detachment of
‘ Si foil

Si foil ready for solar cell

and module processing &i’ i
HTM
- — 'Y, Removal of porous-Si seed .
. : layer and texturing of foil -
imec <l 0 conrommAL

M19. SiEO vk E 7ut A (Dr. J. PoortmansiZfi)

s wos N PUNIC
EXPERIMENTAL RESULTS ON EPITAXIAL WAFERS ‘

RE-USE OF PARENT SUBSTRATE

Porous Si “TCS gas to Si” Wafer
release layer Epi deposition separation

----

Voc as function of re-use

Si substrate

of parent substrate

Voc of epitaxial nPERT cell a.f.o. parent re-use

il 2 8 9 10 I5 18
Parent substrate [
Voc (mV) 695 693 694 699* 696 692
* Record cell (22.5%)
imec <[l conrENTAL

20. Hiko\EABIZLAELVEEOHE (Dr. J. Poortmans#Zfk)
Smart cut % D kerf-free wafering, EFG % D melt 225 @ direct crystallization,

Crystal Solar Z&d H A 0356 @D direct crystallization BB I 7=, IMEC Tix., X1
QIR T LoIc, BRALFMIC S ERFRmICZIAESIi a2k L, ZLE Si LD Si o
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CVD =R, V=W RT T A7 TSi 7+A/% liftoff %, KGEMAER, Si EEIX
BRHzND, V=PI L —TRKOEYI7— bE—ay ZEFEORMMPMEL 70N, A ML
ZMEBEIC LI VL ESNTWD, BRI FZ-Si Z Wz dxden® D~T oSNy 7 a4
7 b Si KEEWmAER SN, 4TumETE Si 7 414 1% /- 156.25cm? & /L T, #h=x
16.3% (Voc=671mV. Jsc=33.3mA/cm?, FF=72.9%) . 64u m J& FZ-Si % 7= 156.25cm?
T T, B 20.5% (Voc=737mV, Jsc=35.4mA/cm?, FF=78.5%) DOIRNTH 5, EKOH
FIAICBET 2 EMA M, M2 0CRT Lo, 1 SEOBAMMTIE. BHELHILIIR AT, 5 0IEIF,
AREL L BT,

(4) B. Min® (ISFH) (%, “Status of the EU H2020 Disc Project: European Collaboration in
Research and Development of High Efficient Double Side Contacted Cells with Innovative Carrier-
Selective Contacts” LEL T, 7L —F Uik Z1T 72, DISCYu ¥ =7 hE, kit omEaE L
BTV EET 2 — VOEREMOMRBEZIA WV E LTWDH, Passivating contacts X id = v U 73R
TIvEREGORMOT e —F Th L, Wi "F— RBEOMWE =2 %7 M7 3A 27T, Energy
yieldia] Er = x MERzAgEE LTwas, ISEEANRSE L TWD, EAE>25%, £V a—
WHE>22% % BIEL LTS, #HEH T, BEAREY 2 — b a R —x 2 b OB
DEMDI8r ADEEDNA T A b, ARANRN Y Z X A=V DInT U — 0% 8 E MR

(TCO) 72L&t Lic, A8y HS0, L IR L DDAy XAZORBRFTEN TV D, 1T0%
Wizt v8h3%21.2% (Voc=708.1mV, Jsc=37.5mA/cm?, FF=79.8%) (2% L T, AZO% H
WL Tk, %153 20.6% (Voc=719.4mV. Jsc=36.9mA/cm?, FF=77.69%) DI TH 5,
EZ. Voo k<, ANy 2 X A=V OMENT LY, 736mVASAIEE L LTV D,

(5) A. Cuevas® (ANU) %, “Silicon Solar Cells by "DESIIN"” L C, 7L —F VU ikiHZ1T

>,

SOFCT T T T T T T T

[ emeeee. Pseudo light J-V i

- . — ight J-V :

r\f-\ b 2 .

g AL ]

(3] B i

~ i \ ]

< [ Ve] % |FF|PFF] g4 |\ 1

E 30F Lo | maemd | 9 | 0 | ) | \:

- L 3 701 411 | 799|831 (230 | -

2 [ -

é) 20 _- Metal contact T -_
(D]} «

o B 3
- .

= 3 iNg 1

Q ]0 = n* region p-type wafer  Thin interlayer -1

E . 8 n'*ireglon // PVD Contacts i

. ¥/

- R

© I Metalconact ! -

0 e T -

=S P PR U NP NN S e

0 100 200 300 400 500 600 700
Voltage V (mV)

21. PVDREIEAERa L Z 7 M0z pB SiX—2KGEMOHEIE L 1-V Rk
(Di. Yan et al., Appl. Phys. Lett., 113, 061603 (2018))
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Si MR BICHIRHERE T 2 2 & CRIGEMMALES IR Z TV v, ZhE T, @EIEEK
T AL FETR SR, Bl2E, a-SitHRXR—Z2DKEDOT 7u—FLRY Sink H 75
w7 7w —F0ndbod, i#iEE HIX. DESIIN (Deposited Silicon JuNctions) & 4 D 1F 728 B
77— Si OfLFHERE LB ER Siox PRl Eo R—v o U, oW TR L2,
BRSO Z28, B % in-situ K—7 L7p "HRYU Siav%7 T, BAEREE
Jop + =20 fA/em 2 &L 22> % 7 MKHL pe=10 mQem? ZERK L TW5H, ZiL5H D passivating
contacts (X, KM O PILHEFEEE L p M Si OEmMA O IEALBIEEFE O D,
212, PVD REIELZERa X7 Fa 07z p B Si X— A KBEMOHEE & 1-V Fik
R, RiEIE, PO _EIWICL S nE (EEM) & nE (=27 M) | PECVD-
SiN @ passivating contact, Hifil%. PVD &8 # B Si0 (JE &4 1,4nm) & PVD & 70nm
JESi:B DIEAEIRaZ 7 b d, PR 1Q cmd FZ iR p-Si (200un/E) &M
Wizt L (2x2em?) T, ZH=E 23.0% (Voc=701mV. Jsc=41.1mA/cm?, FF=83.1%) DIRHL T
bDH, n-Si TIE, DL 247% P HLNATNDHEDZ L THD,

(6) ZoOfti, ISFH 75, SIOX/AIOX/SINX Kl /N v ¥ _X— 3 & iz IBC /LT,
B 26.1% (i 3.986cm?, Voc=726.6mV, Isc=169.9mA, FF=84.28%) DR ENH - 7=,
% 7-. Meyer Burger 725, £ 2 h 7 mtk 20 IBC, HIT b x84 F% v/ IBC
T HIT BT % % 20 23. 8% (5 90.5cm?, Voc=735mV. Jsc=40.6mA/cm?, FF=79.6%) .
23.7% ([ f& 140cm?, Voc=733mV, Jsc=39.5mA/cm?, FF=81.9%) DR KN H - 7=,

4. 4 non-Si EEKXKEENLDE :

(1) W. White & (ZSW) (X, “Characterization and New Concepts Applied to Cu(In,Ga)Se2
Solar Cells: Advancements through EU Project Sharc25” & L C. EHiEHZ1T - 7=, 2
227”79 EU @ CIGS “Cu(In,Ga)Sey) IZPHF % Shac2b 7 ¥=27 FOREBHRE ST,

EU-Project Sharc25

~Super High Efficiency Cu(ln,Ga)Se,
Thin-Film Solar Cells Approaching 25%"

1 Partner.s EoW INGS, =
8 Countries g, Comery o B mOR Porge
Coordinator: ZSW
A” Aalto omanz Manz
University wscion for iy Germany
Asho University Finland
‘Empa Empa RUNIVERGTE  Université
Maran s oein Switzerland Eﬂm (rlz‘ﬁ:(:.uen

3 efson e miy
e Swizerand SO L

imec &,

2 2. EU® Sharc2b 7m =7 b O3 (https://www. zsw—
bw. de/uploads/media/Sharc25_Flyer_ 08. pdf)
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http://www.eupvsec-planner.com/speaker/207039/Bermudez.htm
http://www.eupvsec-planner.com/speaker/207039/Bermudez.htm
https://www.zsw-bw.de/uploads/media/Sharc25_Flyer_08.pdf
https://www.zsw-bw.de/uploads/media/Sharc25_Flyer_08.pdf

ISW DN 21. T% Z X — AT, 201645 AnH A X — kL, 3.5 4T, % 25% DiERK
HET, TEIZ.EU2b 4 6M2—n, A 2K 2L LL.eM2—rTho, 11 HEANS
WL TWS, X2 3|2, CIGS KIGEMO maFR{bOHER & Share2b vy =7 MO HIEA
R, BEAD =L, REHEES., SV RFF 78y b, TCORNRN Yy 7 7 @O EWIL, CIGS
WL JE DORIRE DNV 7 FREE., BEma v ¥ 7 NMECHETIEBOMELEEN TV 5D,
CIGS YWt IR J& @ Post Deposition Treatment (PDT) 3FiET XL TV 5B, PDT 72 LITH T,
Na X° KF @ PDT IZ LY Voc M ERX I TW5D, S 51T, RbF X° CsF @ PDT T, HEREM
rFoERSLLENAHIN TS, Bl XX, PDT 72 L, KF-PDT, Rb-PDT, CsF-PDT T,
Kx L RN, 1T 7%, 18.6%. 19.1%., 19.0% & HEEZH TWD, PDTIZ LV, WU AE
£ @ Urbach energy OB E RO > TEY  PDTIZ LA KRIMBIEE N, —D2DOWETHA H,
EMPA, ZSWIZ &k v, CIGS K& M D@m= N it &, RbF-PDT, WA K E CdS
BEBLOANy Z(ZnMg)O BDOHEHIZ LV ZSW 23, 3 22.6%% EK L T\ 5,
CIGS NWINfg DE ., EE Ny X—rarybRadIhTnd, 734 2ET Y
I T, K HHT K B lighttrapping O B ER Do TV D, FiE K O
Tl L 0 . BREIECEREE 0.46mA/Icm2 D7 4 U b5 5 TW 5,

26 T e e e IS m—— 26
] N A1
24} —8—Mini-modules 0 - 24
—&— Modules (total area @
23t ( ) 5w 18
| EMPA 21.7% _& Solar Frontier
22 20.4% 22.3% o 2
21f  NREL (flexible) @ﬁ\\‘ m 21
£ 200% o
2 DF Solbro B 120
= 19k 18.7 % 419
[T
s ze
o 18| U Uppsala Lo e18
= 16.7% B
S 17k 7 417
& Manz / Solar
VIANZ { o013 _
16 Frontier TSMC 16.5% 16
15 ) MiaSole 14.6% Manz 16.0% 415
Solar Frontier  13.8%;
14 F13.5% 414
13 =413
12 i 1 i 1 A 1 i 1 1 1 1 1 12
2006 2008 2010 2012 2014 2016 2018
YEAR

2 3. CIGS KFGEM D m R OHER & Sharc2b v ¥ =7 D HEE
(https://www. zsw—bw. de/uploads/media/Sharc25_Flyer_08. pdf)

(2) P. Kratzert & (Solibro Research) I%. “CIGS Productive Technology above 18%”
CELT,. L —F VUE#HE A1T o 7=, Solibro IZ. 2003 4|2 R S v, BAEH fAF & X, 300MW
Thb, TYVa—hFEH, 2010 F 4 HOFEEHEE 10.4% (XA K 11.7%) 5, CIGS
TovAKR, AFX VY= a0k B. TCODNWULKE . K-PDT ®E ALY, 17.9%

(total area ZhL 17.0%) ~LtEI N TWD, 30x30cm2 DY 7T E 2 — )L T, T 8—
F X hE 188% N HELNTWDH, £4%IL., £V 2 — /O KRE L (0.94m?—1.88m?) %
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#7140~ 150W E ¥ = — /b b, 300~320W &2 a — LI HORIFTmnE F LD,

(3) F.D. Giacomo ©» (Holst Center — TNO) I%. “Large Area (>140 cm2) Perovskite

Solar Modules Made by Sheet to Sheet and Roll to Roll Fabrication with 14.5%
Efficiency” LEL T, YL —F VEHZIT o772, @B v T ALY X—Z2A D17 27
A4 MXBEEMIL, 2% 23.2% (0.1cem?) | 20.9% (lem?) BES, WIFFEH T D, K
BLREETHHBADTZOORED 1 D1F, FEMAMCHELEEY 2 —VDRT—LT v 7|
ERBEEY 2—NVORETHDL, TV a2— VOREOTWMERZ, AEya—TF 47,
AT =T TNRREBMORIETH 5. HAE 10. 5en’, 160en” D I =F Y 2 — /LT, =,
Hr, 12.2% (BEMERFR/NGED 13.4%) . 10.1% (BEMHEDFR 11.1%) BZHELNATWVD,

4. 5 BHERIIVEZEES, FAESLIUFHEFRABERS T

(1) G. Siefer & (FhG-ISE) i%. “Final Results of CPVMatch - Concentrating Photovoltaic
Modules Using Advanced Technologies and Cells for Highest Efficiencies” 8 L T, 7L —F
UMM 21T o7z, K2 410, KRB HEE (CPV) VAT LOREHEZRT, ZiLET,
400MW @ CPV ¥ A7 LABRFRE S LTV 5, K fh Si KEGEMIT, 2h= 26. 7% T, Auger Limit
D 29.4%IZEDN TN D, CPV B, 3 46% DKW T, CPVIL, KmBEOENL, £
Va—N, VAT AThDH, £z, BREAES LoORBEIX, Lo _ERMHAEZWREL LT
Do

CPV Installations
Triple-Junction Cells and Silicone on Glass Lenses

ore, 140 MWp, Golmud,
2013

SRR I M
Photo sources: companies
6

, ~ Fraunhofer
»IMatch ™

ISE

|

F

K2 4. CPVI AT L0 ERF (Dr. G. Siefer $Zflt)
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WM TIX, CPVICHT 2 EFEMERE 2 =27 FORWENEE SN 7=, EU ® Horizon
2020 OXPE T, 2015 £ 5 AWCHBL, SEOTYr Y =27 b THDH, THIL, 4.95 M =
—RThd, EXKEABEET 2 — L E2HE L, MEREINERE KEDFEOREI L H
64, ar vy —v 7 1T, 75Uk —77— ISE, RSE., CEA, Tecnalia ® 4 D DHF%E
BB, 1 R% (UPM), 2 DOA{EZE (AZUR (FH KB E) . AIXTRON & 2 DD Hi/h {2
(ASSE Cycleco) T, S T\ 5%,

From the Laboratory to the real Sun
Highest efficient CPV Modules

N

Multi-junction solar cell Concentrator module

(Silicone-on-glass lens)

-

GalnP 1.9 eV

' ' Pﬁ.‘r. f"*.lq,\ ' IutIQB—DQ_x‘ZSyDBI
ﬂ i ]g‘ Y ﬁ‘“’”&"ﬁ

L VR 1
M Eondnd] iy o

GalnAP 1.0eV[ - i
GalnAs 0.7 eV o [

£
400 600 800 1000 1200 1400 1600 1800
Wavelength [nm]

Efficiency: n=46.1 % n =36.7 % CSTC"

_ -
= letl e

* Concentrator Standard Testing Conditions, 1000 W/m2, 25 °C

F. Dimroth at al. IEEE JPV, 2016. 6(1)

e - M. Steiner et al. Prog. Photovolt., 2014. 23(10) 7 Fraunhofer

Match

25. CPVEFMETm =7 FOCPVELBLOEY 2 —LOME (Dr. 6. Sieferi?
i)

Outlook beyond CPVMatch
CPV Modules capturing diffuse Sunlight - EyeCon Module

B Multi-junction solar cell
utilizes direct radiation

. . + Diffuse Irradiance
m Silicon solar cell utilizes N 1« = £

diffuse, scattered radiation I G T N AW A
VAL AT ‘> & VvV N

+ works as heat spreader
- Increase of power output
of the module
—— . —

11I-V concentrator cells on Si cell

31 Yamada N, Okamoto K. Optics Express 2014 % hof
T o, oo o9 m Match = fraunhofer
26.5iE/NV EDII-VEESGELOANAL T U v REKXELET 22— (Dr. G. Siefer

e fit)
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2 512, CPV @M T 2 =27 FO CPYVELBIOREY 2a— VO EE T, 7=
INIR VT 4 v Z GalnP (1. 9eV) /GaAs (1. 4eV) //GalnAsP (1. 0eV) /GainAs (0. TeV) @ CPV & /L D
#1300 fFEE T, 2R 46. 1%  CPYVE L 2 — L T, R 36. 7% N EHR LT WD, K2 6T,
Si BN ED T1I-VEEAELONA T Y v NENBALEY 2 —VERT, Zhix, 111-V
AT VL, BELEZFAT 20N T, fd Si BAR, $E8OE & BELDE 2 R H
L. HAEMAEHR > TW5D, K2 712, Si B ED III-VEHEASELOANL T U v REN
BALEY 2= VIR DM DM R R EZRT, 111-V 2SS E/IE, BEE 58TW/ en® T, %)
3 38.9% . ffdn Si VI, HRHOE 63W/cem® T, 2hE 17.4% ., G T, 23 36.8% 08 3FE
HLTW?

Outlook beyond CPVMatch
CPV Modules capturing diffuse Sunlight - EyeCon Module

. ) 400 - 5
B  Multi-junction solar cell Nhotat, o = 36-8 %
g . . . - 2
utilizes direct radiation T 300} Pou = 239 W/m
g
Jis 5 ‘5 200 | Diffuse = 63 W/m? DNI = 587 W/m?
B Silicon solar cell utilizes 3 = A% N = 389%
- = - Si = CPV =
diffuse, scattered radiation 100 F 4
+ works as heat spreader — Silicon cell \ — CPVamay
0 1 L 1 L 1 L
00 02 04 06 20 25 30 35

- Increase of power output of V°|tagf ™

the module

- Combined efficiency rated
to global normal irradiance:

36.8 %

33 —
puvepome, [ Match 7 Fraunhofer
2 7. SiE/V EDITNI-VEZELSELDODNAL T v FEXELEY 2 —LICk A H K
(Dr. G. Siefer#fik)

4. 6 PVEYa— L, BOSaviR—xy baE:

(1) T.Sample (EC-JRC) !X, “Standards for PV - Overview of IEC Related PV Standards
and How They Contribute to Reduced Costs of Energy” & 8 L CT. ZEiiskiE 217 - 7=, IEC TC82
E. PVICB T2 EE#EEZY — N L, EEEEZREITL WD, 1980FEMEHICHE I iz
TV a2 VT HERELEZED TV DNROEBHOMELNRE SN, 52D F TN b
% % o
(MMeasurement PrinciplesiCBA L TiE., 14 F¥ = A2 28 5. IEC60891. 60904~ 10(C
FLHLAL, CPVICB T W67 (1EC60904-3) Ld#fEL . ¥ A L7 h AT kT ARCPVT A
AAFDOY =T —v I ab—¥— |2 DHIEC60904-9D T » 7T — hINTW5H,
@Qualification and Safety TestinglZBIL TIX, 1 0 ¥ = A M H D, 1EC61215 (Fk
fuSi) | 61646 (HEEFR) | 61730 (PVE Y 2 — /L) ICE LD LN TS, BIMEIEL LT,
Ry hARy FRBERK 2 ENRD D,

@ Power and Energy RatingsIiZBAL CTiX. 4 RE¥ =2 X MW &H B, IEC61853-1 (irradiation
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and temperature performance) 3 X (8-2 (spectral response, cycle of incidence and
module temperature) . 61853-3 (module energy rating calculation) R E TH 5,
@Specialized Stress TestsliZEH L CTix. 9 RF*F =X b2 H D, [EC617 (salt-mist
corrosion testing of PV modules) . IEC62719 (transported testing) . 62712 (dynamic
mechanical load testing) . 62716 (corrosion testing) 2804 (system—voltage durability
testing) R ETH D,

®Module Materials and ComponentsiZB L CTiX.6 R¥x =2 A2 23 dH B, Module Materials
2B L T3 . Encapsulants., Back Sheets and Front Sheets., Adhesives, Pottants., Edge
Seal B HEELY | IEC62775, 62788—1-2 (EVA) . 62788-1-4 (encapsulants and back sheets) .
62788-1-5 (encapsulation optimization) . 62805-1-1, 1-272 ¥ & & 5, Module Components
BRI L CTix, IEC62790 (junction box) . 62109-2 (safety for power convertors) .
connectors for PC applications in P systems -safety requirement testing., PV cables
mEND D,

®Module Materialsi.Encapsulants.Back Sheets and Front Sheets.Adhesives,Pottants,
Edge Seal?» bk . IEC62775. 62788-1-2 (EVA) . 62788-1-4 (encapsulants and back
sheets) . 62788-1-5 (encapsulation optimization) . 62805-1-1, 1-2%ZBEHPTH 5,
MQuality AssurancelZBA L TiX. 2 F¥x=2 X 03 H 5,

®Increased Reliability (reduced risk) 2B L Tlx. IEC62892-X23H 1V . 3 >DHEML S
sk ORI Z B E 2. BAEK, T0OC LR, EREE (70~80°C, 80C~90C) »
HA KZ A 1ECTs63126, IEC61215, 61730, 62790, 628520 H A KZ7 A4 N 5, Increased
ReliabilitylZ B8 L TIL,IEC63209D LR A ¥ o ¥ — R OMFH A3 201848 A ITHfEfiz L 72 2%,
YAT=F 2V LTV EDETH D,

©®Extended Test Sequence

@Common PointsiZRI L CTi%, TEC61215% ~N— A (2, # Y K LB, PIDR BB INEM (BL
A A=V TF) ZBRATTH D,

(2) R. Kopecek » (CISC) i%. “Overview of Bifacial Module Technologies, Applications
and Costs” /L T, YL —F Vi 21T o7, Bifacial XL, M HE L =2 X MK
WOFREME N B D, Hidh ST KBEEMOAEERED 9 B, bifacial KEEEMAEEIX, 2017
X 6%, 2018 1L 8% T, ITRPV 1 — R~ v I L AuiE, 2020 4, 2022 4, 2025 4, 2028
I, B &L 16.5%, 21%., 30%. 38% & PSS TWDH, 2018 4D Longj Solar @ p-
Si Hifkdh PERC #%1& bifacial fif gk S1 RGBT ¥ = — L1, 2h3 23.95% (320W) % FH
L CTW5, Monofacial B/LE Y 2 —NIZlER_RT, 6~10WOHNWELEDOETH D, i CEZ
M. bifacial KFEEM D monofacial KEEMICHR-EHEOY I 2L —2 a3 VER%
X 2 8 Z/k9, PERT E/LE ¥ = — /L ClE, monofacial (2T, 2mW/cm?® @ H JJ #2355
INTWVD, #HTH, M 10%D=RVF —gain PHFFTEXDH L LTS, M2 91X
bifacial &< = — /)L ® monofacial FY =2 —J/L|IZHRZILCOED Y I 2 b — 3 VR Z R
4, monofacial Y =2 — /LT T, LCOE 2 X N DR HIEF X 5, #FE T, —i#f
EBEREOAHELEXLNT
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VHEH (F. Fertig et al.,

(3) K.P

—HRRK L LT,
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Progressn in PV, 24, 800 (2016))
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Progressn in PV, 24, 800 (2016))

%. “Storage for Increasing Self Consumption”

R DL EALD T2

3

%@%ﬁotoﬁ%@&Uwym*wﬁ%ﬁ%@ﬁﬁmtwmm\
HOAPVOEERNEIML>odb 5, 5%
VA= T Uy RREELRA D, RFEEE L,

-
A5 S

X, PV X5 A @Dsmart integration N MLETH 5,

b, Ny T U oEENE



DL TS, ZMICEST, BCHEBEOV AT O AR EREEZ NS, Hl2iE

PVOBENEELFETCOBENHEEOAESZEMT 2 20X, Ny T VHEHTH
L%, off gridD HCHADNED LB X6, FELVLNALTONy 7 U A X0 il
WBETH D, residential home storageld. BFE T, 20144 D15, 000475 . 20184100, 000
e DHETH D, Lid 4 B S 20134 020002 — 12 /kWh7s 5, 201745, 13002 — 12
/kWhE o Tnd, 5%, PV, Ny 7 U DMK IEZ2 61, PVERy T U 2T A
Uy RRYTFT 4 52FEBETEHELTWD, home storageREDEE S/ TH . 20134,
3kWh2311% . 4kWh72318. 5% . 5kWh72318% . 6kWhA316% 72 - 7= D A3, 20164, 3 kWh7232. 5% .
4kWh7512% , 5kWh7233. 5% , 6kWh2320% &, RAEFE®RILIZT 7 R L TW5H, 77—~ < @ Home
storagev AT LD FEFET — HZEHFER S ME SN, BOHEFERIT, 5~THDKIB%,
AABLIOSADKIO%IZR LT, 11A~1AIZ., $20% & 72> T3, residential home
storagelX. B T. 20144E D15, 0004225, 201842100, 0001 & DHETH D, PV+ X v T
UL RAT ADOMWREFMFE, B, I —3va ik, EhBK%EL2ELT, PVT X
TLEAVAX, FHTHIANy T VRELACHEESR, 2 XA ML ORELPLETH D,

(4) K. Komoto & (Mizuho IR Inst.) (%, Environmental Aspects of Crystalline Silicon PV
Module Recycling Technologies” L L T, 'L —F UEEHZ1T > 7=,
Projection of Global Waste
Volume

# Estimated cumulative global waste volume of
the EOL PV modules (IEA PVPS Task12/IRENA, 2016)
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h z
2,000 o
=
1500 5
3
1000 2
il oo
I eanprll 0

2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2033 2040 2042 2044 2046 2048 2050
Regular-loss scenario [l Early-loss scenario Cumulative PV capacity
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o

w
&

8]
S

Cumulative PV panel waste (million t)

o 3

Ref I[EA PVPS Task12/IRENA, End-of-Life Management: Solar Photovoltaic Panels, 2016

MIZWHO
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X3 0. PVORFEEAEEFEEYWEDFH (Dr. K. Komoto #Zflk)

PV AN, R, BEITHOTHD, L, PVEY 2 — L O#INIE, fFRAIC
EEINDIZEEZBERL TS, M3 01X, PVORBEEARLFEEYEO TN EZRT, =
¥ K &7 J4 7 (EOL) KIGEME Y 2 — /v OF ARG % L3 5 72 o 0 B 5 A K

EBFEOFDMFAOB AN G . FEMAE RN RS, — IS, il rlEE e FEIE Y E B
X, 3R & M:iEi 5 Reduce, Reuse, Recycle, 22572 %, @ﬁn%ﬂgfﬁifz EHEAHTE RN
EEL U A7 VIT, BEME L THETHIAICEE LW S a v Thd, KEFEED
DRBEMEY 2—LE PVDOIZ Y —r ZXAF—HifE L TOMNMBEEZHNLT D720I1C
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W RRE L 2o T D,
R&D on Crystalline Si Module

Recycling

Removal of metal frame and terminal box Thermal*, by
FAIS/Shinryo,
Eliminating encapsulant from laminated structure KIER, KETI, |IEE-
Thermal Mechanical Chemical CAS, etc.
- Combustion, -Scraping -Organic solvent, : *
ooy e iy Mechanical*, by
~Crushing, etc. Mitsubishi,
i Hamada/NPC,
Combination with Sasil. La Mia
thermal/chemical Ener’gy scarl. etc
. e etal from S col Chemical, by
ecovering metals from Si ce
KRICT, etc.

Chemical etching, electrolysis, etc. . . . ;
*including combination

with chemical method

Ref: K Komoto, J-S. Lee, J. Zhang, D. Ravikumar, P. Sinha, A. Wade, and G. Heath, End-of-Life Management of Photovoitaic Panels: Trends in PV
Module Reeyciing Technologies, IEA PVPS Task 12, intemational Energy Agency Power Systems Programme, Report IEA-PVPS T12-10:2018

3’;;%”\@‘;'“ K. Komoto et al., 35th EU-PVSEC, Brussels, Belgium, September 2018 7
3 1. fifhSi KEFEMEY 2— DY F A 27 v OFFERHFAEMARSH (Dr. K. Komoto {2

fit)

Comparison with European recyclers

# Recovery/Recycling rate

. depending upon PV module composition

100%
75% " Disposal 75% =Other
H Incineration/Therma n Pﬂlvrners]fnlls for
I recycling energetic use
50% 50%
ERecyding as metals = Mixture of glass cullet foil
and others and metals
u Glass cullet mGlass cullet
25% 259%
Al frame Non-ferrous metal
0%
1 & 2 0% - o 0 ¥
S £ Ti # * # *
%
- S S A
] o d o d
#) IEA PVPS Task12: Life Cycle Inventory of Current Phofovoltaic Module
Recyeling Processes in Europe, Re IEA-PVPS T12-12:2017.
MIZWHO
HTFEEEH K Komoto et al., 35th EU-PVSEC, Brussels, Belgium, September 2018 21

3 2. EVA Combustion, Hot-knife, Glass Peeling ® 3 > DO il X 5 fEdh Si K5 EM
BV 2= DY YA 7RO FEARE S & RN O FHF] (IEA/PVPS Task12) & O #k (Dr.
K. Komoto #&fk)

311X, Kidh Si KEBBEMEY 2 — 1D U %A 7 VORI IKGZRT, BLOERL 2
MmOV ENEM S, BUFIZ X o TR SV E L7, Mk, B L OS, FE T, &
Si KIGEME Y 22— DU ¥ A 7 v H Al o B B o FEAM &S R 2 s S i, 3 210%.
EVA Combustion, Hot-knife. Glass Peeling ® 3 > Dl L 2555 Si KFEHMT Y = — b
DY WA 7 VRO GFEAGE R 2 KM O FE (IEA/PVPS Task12) &L Tt UHA 7L
FIFXPVEY2a—LarR—x MTOEKFEL. U A 7 VEIFIZ LS TEH 67,
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SOLMRDOMERBOMENLETHD EE 2L 95, X3 3%, EVA Combustion, Hot-knife,
Glass Peeling @ 3 S D U 4 A 7 LEAFIC & 548 % BB EE AR IR IR O e & s, BRBE AT
REMEATRE B 0X . KBEEME Y 2 — DU A4 7 VIR, ERORREAMKRICAZ TH
HZELERLTWAEN, ATV A I ALTEAA L Na2ED, W32, 33D0EIL. &
BIEESN2THEELD D, SOLALBEEANMMTALE THLEEL DR,
Normalization of environmental

indicators

Combustion
Hot-knife n
Glass peeling |

Combustion

GWP

POCP

Hot-knife

Glass peeling

Combustion
Hot-knife
Glass peeling

Combustion

AP

Hot-knife

EP

Glass peeling

Combustion

ADP

Hot-knife

Glass peeling

-300% -250% -200% -150% -100% 50% 0% 50%

| m Substitition of materials production processes W Transportation | PV module separation Recycling processes of reccovered materials W Others |

MIZWHO
aﬂ‘-lsﬁﬁi{éﬁﬂ K. Komoto et al., 35th EU-PVSEC, Brussels, Belgium, September 2018 19

3 3. EVA Combustion, Hot-knife., Glass Peeling ® 3 > ® U H A 7 LI & 2 #6589
BREAMBEEOLE (Dr. K. Komoto fZfit)

4. 7 PVIRTL, 8. KA. 179 L—>aranE.

(1) B. Herleleer & (EKISTICA) %. “Visions from the Future: The Interaction between
Curtailment, Spinning Reserve Settings and Generator Limits on Australian Projects with Medium
to High Renewable Energy Fractions” &8 L T, E#EHEITo7c, A=A N7 U T HAER
BEC- X NLX—JF (ARENA) 7ur /7LD FCoO7rY=Z hThHD, HWIiE, HAETIET
FUX—H, BEREL 77V VAT LAOMEEFMEZT 52 & TH D, Northern
Territory Solar Energy Transformation Program (NT SETuP) 7' v 7 J A RAR 7' ¥ =
7 NDREIET —Z )5 PV D Performance Ratio DA /87 NZF{id 5, PV & —F L
HKEDONAT YV RVATLAD 201 a7 4 BPMETHD, BETIE, 7V —rxxL
XF—OBLET, VoEBAREBEZUWMR DN, EOa X MRk ol BREH PV O HI K,
Spinning Reserve (SR). Generator Limits 0 I 6f 4~ 2 A ENMESE O ABEEA N, U
ATIA ey T 4 TR REFTSH TS, 22 h LCOE baEfli STV 5, BERIIZ M 5
23, 100% AR R LFX—TFTO PV OKREFERIZATREL £ & DT,

(2) M. Machado & (Techalia) (% “Demonstrating Novel Building Integrated Photovoltaic

Technologies with the PVSITES Project” L T, 'L —F Ui Z1T > 7=, &M — KA K
Bt s E (BIPV) £iricid, EU Ik o TRESNEZ XAV =R BEOERICHBER T
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XHAEMENRDHS, L, RV EE L Fa—Y—0FERERZM-THIENR
VVYa—varuEfftids T, BEOHL IICK o GREHEMO TG EY AL
LB TWoD, ZomEEIL, 22 MERE, 7L xS 70 RkE, @k, &OEBME,
BEELCERE ~0a 7747 AICET 2B Y —7 Yy NOERITIKSFET D,
Horizon2020 @ PVSITES Y2 ¥ =27 MIBWT, 15 DX—hF—DKMa v VY — 7 A
N, MHER~OOFEH TREREZ ZRIET 272D 0 BKM BIPV Y L— 3 v & %
THEDIC, HKEMFEL WD, vy FiE, 201641 A 1 H~20184 6 A 30 A T,
FHEIZ,. EUPDH 54TM 22—, A ZAHFNLSH 1AM 22— Thd, #HETIX, 7nd=
I NORER, HTA-HT AR SI KBEHETY2a— 1, &BEREDO 7 LF T 7K
(CIGS) #ifffic#&->< BIPV BEFEOR— b7+ U A hEH, BEEIHO7 IV v K7L 2K
FV =R AT L= aBERTLEOOH LA RN —Z =@M D= L F
—EHOMM, BIPV ORE., 7T—FXT7 7 F vy DA EXETHEDICY 7 by T | M
WEEINTZ, BRINE LD 7THO0RRDEMITHWVWT, PVSITES 70 &7 O E  #HiE S
iz, 2018 4F 10 A, LW e Y =2 b BIPV BOOST WA Z— kL TW5%, Zero
emission building, 75% ® = A MEJ, XEHREL, EE e 20 BEESS 7 X T 0
b, EPRPENTH S,

(3) M.M. de Jong & (SEAC) (% “An Overview of Floating PV Worldwide” & &L T, 7
L—F V#iE %17 > 7, Floating PV AT A%, M EREBEO PV AT L2ONRETH S,

Global installations of FPV
2007 to 2018
W # of FPV installed W Cumulative # of FPV installed

120

6 Distribution of FPVs by region

April 2018
100
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