F2ERABAREMNFRMERSE (29" International Conference on
Photovoltaic Science and Engineering) &
2019. 11. 11

oS (BmEITK)
1. AR : 2019411 H4H~11H8H,

2. BH¥I5FT : Qujiang International Conference Center (W%, H[H) .

3. A=FBOME -

1984 FE M P TOR 1 Bk, 1 £ /0 I, 2011 F£OFEM TORENDL
X, BERBEIN DI KRG EREEICET 27 V7 A7 =THROXFETH L, SHOR
Ok Z B &K%, Ying Zhao (Nankai Univ.) & Tianwei Tan (China Renewable Energy
Society) Th o7c, V7 H A b OB GE L, 1,448 4 T, FEEEO DB GRE T,
1,04 L DETH D, 1, v 7% A FoOSMEEEROENNREZ R<T, OFE
857 4. @QHAAK 1794, QHE 824, @A —X+F7 VT 634, @FAY 374, ©XKE
324, DIRETH -7,

Others,
USA, 32 198

Germany, 37

Australia, 63

China, 857

X 1. T T A NOSINBEEOERNIR (PVSEC-29#1 1%k Z& B & 1F#)

X2, ERREERCEEEZ RS, R2VENST8MEOmXERNIH > -, HH TIX, O
FE4271, @ B A3, @EE48(:, @A — A T U 7474, ® KA v26ff, ®K[EH25
., AT X150, @ v HR—LTE, DIETH - 7=,

4 3%, BRSO ZERHINRE =T, 28 TIX, OSiKEGEMR2154, Ot&
WK B R 1221, @*u 7 Ah A4 N KRBEMLI2IF, @KBERE Y = — /L OMEE
EAEHEMESS . OF S L O 7 e el A B 501, @TIT—Vib &8k, £, FH
MARGER, ORBEFEES AT LRFTEE (A~v—F 7V vy FReEite) 4744, @XBG
HKEVAT L (AR Eate) 400k, @F D521, DIETH - 7=,



Number of Papers presented at the PVSEC-29 | ®China
(Xi'an, China; Nov. 4-8, 2019) 785 papers

OJapan

B Korea

O Australia
O Germany
BUSA

@ Netherlands

B Singapore

0O Others

2. ERIZE RSB (RTS(RR)#2L)

| Crystalline Si

Number of Papers presented
at the PVSEC-29 O Compound Thin-Film
(Xi'an, China; Nov. 4-8, 2019) 785 Papers

43 40 —
62 OModule Perormance,
Reliability
O New Concept and

Materials
@ 111-vV Compounds,

Conc. Space
85 OPV Systems Grid

Connection,
B PV Systems

Components

@ Perovskite

47

50

3.  FEEwmXMEEOSEHNR (RTS(K)#E )

PVSEC Award/Z. Zhigiang Feng (Trina Solar) & Ying Zhao (Nankai Univ.) 28%E L 7=,
Dr.Fengld., Trina®R&DF — A & F\, 190 i @2 Ok (20144F, 20154F, & ~ |
#3220.8% ., 21.3% D % fEESiE L, £h1325.04% O KEREEHSINy 7 a4 7 e, %)
#224.58% O KiEFENBTOPCont /L 72 &) 25, §Fffi S 4v7z, Prof. Zhaold, 19924 LIk,
fESiR&D % Z5| L. £ b~DHETkK, China Renewable Energy Society @ Vice President® L
TOE® N, FM & 7=, PVSEC Special Award/E. EVAH & ~ o E ik T, Jianhua Lin

(Hangzhou First Applied Materials) . PV{E¥ D %5 & £ / fiE WSl E~D E#R T, LONGI
F— A, IEA/PVPSIEECHEUE(L IR B~ D EFE BT, Fang Lyu (Chinese Academy of Science)
2, %' L7, Hamakawa Awardi%. YuepengWan (GCL-Poly Energy) 7%. @& &h'&E £ &t Si
I, Fx ANESHET~OBERT, ZE L,



4. FTURERRBXOME -
4. 1 HBBEE—

Hui Shen (Sun Yat-sen Univ.) &, “Sun culture and solar technologies in ancient China “ &
LT, EMEmEA2ITo 7=, WHETIX, AdamE Eve/Z 28, HE TiX, Faxié Nywa<T., K5
ERHIZRELZ 5D, Yin (H) -Yang (KB5)  theory Tix. Yinik. b dbfdl, JIlo G, X
IX. A . cold weatherlZ® 7= %, Yangix. i@, JIIoJLfl, sun, heat, fireZs &b 7=
%, JohnPerlin® “Let It Shine” (21X, KFG=T R/ F—0D60004FEDFEEANFR ST
L, HETIE, KI80004ERTIC & D IFE 5 6500BC-5500BCD Sunman Stonef# {4 & Hubei f# 4
BEIZH D EDFETH D, LulareSun CalendarDEF LM S iz, £72. &0 KB x
X —Hifff. Sun Fire, Solar Projection Test, 206BCEE ® Transparent Mirror7g & T,
ETCRELZENL T, MEZRSTHI LRI, HAEHEL T, %O KRG x
NX—HFHITOREEL MG T D LA,

4. 2 HFEE—2

M.A. Green (UNSW) [Z. “What comes after PERC?”& 8 L T, KMEME L5 % 0T
MMEICB L C, HER AT o2, K412, UNSW IZ R T D B ks &L Si KB th o & 2h Rk
DR ZRT, 1983 4D 18% /LD, 2010 D 25% /v & | @ FRLICEB L TV 5D,
Suntech, JA Solar 2 E O FEBEOFHRKIZHLEEKL TW 5, 4 |Z779 PERC/PERL #%i&
AR, K SI KEEMO LR TH D,

. o e "
20 First 20% cell -, d .
¢ UNSW
Ei_ il A g —
X ZLZAZA 7 PF= =
E'\_ 15 =N A
iy 2 N
5 P
2
% 10 nt ) oxide
W o p-silicon ) +
| P rear contact p+ oxide
5 P
O ae
0 . ' : : : :
o o o o o o o -
< wn w0 ~ =) & b= =
(1] [+2] [=2] [=2] [=1] [=2] o o Pho 0
- - - - - - ~ ~
4. UNSW (ZHB 1T 2 Hijfh il Si K58 O & 2=k o iR (Prof. M. Green k)



Trend: market share of cell concepts

2016: PERC =15% (in line w/ IHS Markit)
= Si-tandem

100%

90%

80%

70%

60%

50%

IHS Markit data

40%

30%

20%

ITRPV| 2017

10%

o,

IHS 2016 2016 2017 2019 2021 2024 2027
B BSF WPERC/PERL/IPERT mSi-herterojunction (SHJ) ™ back contact cells ™ Si-based tandem

5. fEsh Si KBpEMOTHSE Y =7 0&E S M (ITRPV 2018, ITRPV Ninth Edition

2018 including maturity report 20180904.pdf )

KGEME LTiE, 4% 5~10 Fix, #d Si FBENTHAH, K5IZRT ITRPV
(International Technology Road for Photovoltaic) = — K~ v 7'~ v 7 L uiX, 5% . PERC
A OHIGRENELTEAS S, KO 10 FURKRIE, Si T ACHFEREmEAD, K61
AT R, Si FrT AT, DR A% B ONRIMDEFFTE 5, 20HFHEE T,
|M@@MW$3%A&V%A@»T\@xsm%\&mjxw4%mzﬁA&y%At»
. xJJfF 28.0%DBRTH L, MT7TIZRTEOIC, BHEKGEMDONEDO NN ¥y v

Egﬁkf‘ CEMLIEE. ]\‘)7“12”“*4’& LT, ExoOMER@EHAOMEERND D, K7
f%éf%ly& L-E8E WELWIEEOMRAADLDENRLEE LWV E R, SHEOD
.ﬁ?ﬁi’(“ L RN T2 91%1 R X 90T, -V, H-VI, 1-H-VI, -1H-1V-Vig | |-

V-V 72 8 NA RTA R, INVaxA T4 M, TATITARENRHY, HX v 7 CZTS X
NZTSICBE LR H D EDZ L Th D, 5% I5FEURIL., SEEX VT LAnbLAEREY VT
LAY EFE LD,

|
]

Free choice or St = Freechoice ; 5
1 Si bottom cell

>
g
[
g
g
=
L
]
=
=
=<

Number of cells

6. SiZrFoatLomhRbor M (Prof. M.A. Green #2fik)


http://www.itrpv.net/.cm4all/uproc.php/0/ITRPV%20Ninth%20Edition%202018%20including%20maturity%20report%2020180904.pdf?cdp=a&_=165a39bbf90
http://www.itrpv.net/.cm4all/uproc.php/0/ITRPV%20Ninth%20Edition%202018%20including%20maturity%20report%2020180904.pdf?cdp=a&_=165a39bbf90

What comes after PERC?

1A VIIIB
45 N
AM15D 46,200%
40 50 rnrantratinn IB IVB VB VIB VIIB.
- imts 7 of 8 >20% 10
“closed-shell adamantine” Ne
30 AM15G c-GaAs
< c-5i
= 25 .
g \cicsg © g’ Perovskite Z
a
S 204 h ; - e
] oSl Ldle = = Zoainp
& | _ _Cs - =~
AR I+ Fin [s055 7e [ e
10 ,, nc-Si ”‘ ‘aSi N <172
+ 10,000 more!
70 |7

69
Tm|Yb| Lu

0 T T T T T T T T “
04 0.8 1.2 1.6 20 24
" ||Ho | Er
Bandgap (eV)

7. BFEKEBEBMNRENN Ry v 7OMKE. by T2 AMEOAEENM (Prof. M.A.
Green f21it)

1. Si¥ VT ARBEMRD Ny TR, I KB ILOGEME(Prof. M.A. Green #2fit
What comes after PERC?

e 1: Families of P. ial Closed-Shell Ad. Semicondi 'S
BINARY TERNARY QUATERNARY | QUINTERNARY Viig
I-vi (I,-VIIy) 0-II-VII, .
(I:-VII3)* (0>-IT1-VII;) (0-I-I1-V1I3) Halides 1B

(14-VIIy) 0-IV-VII, 0-1-11-VII, Ili

0,-I-ITI-VII, Ne

oVvi | (@1 0-IV-VI, I.
LIIVI Chalcogenides

(II3-VI3)* (0-IIT>-VI;) (0-I-V-VI3) I 36

(L-1IV-VI3) (0-II-IV-VI;)

v (LI-IIVTy) 5
(I14-VIy) I-V-VIy 0-IL-II-VI, 0-LI-V-VI, Xe

O0-II-IV-VI, O-I-HIT-IV-VI, '
I-ID-ITT-V14 n

FErEEEE-

L-ILIV-VI,
J7ia; (II>-V3) ILIV-V,
(IIT:-V3)* (LIV>-V3) (ILILIV-V3) Pnictides [|
(IIs-Vy) 0-IVs-Vy LILIV>-Vy
ILIL-IV-V,

VIV *Anions surrounded by different cation combinations ‘/gl UNSW

5. FLRRBXOBPE :
5. 1 %ZEXKBENHEM. ROTAWAM FESLUERKEELSF :

Jingo You (Inst. Semiconductors, Chineses Academy of Science) (. “Efficient and stable
perovskite solar cells” & B L T, 'L —F UM A 1T > 7=, Graetzel (T L% 1991 F D #h=E


http://www.eupvsec-planner.com/speaker/207039/Bermudez.htm
http://www.eupvsec-planner.com/speaker/207039/Bermudez.htm

5% 775 2012 D 11.9% O AR EE K GE M, 2001 F D2 2% 025 2019 F O gh =
16.5% D H KB EM DO EBEBDOB NN/ ENTZ, DWVWT, 2009 FDEWSHITHE D, 2012
FD Park X° Snaith HI2 L5 a7 A B A M KEGEEMBENTOLEN RS-, &L IL
R, BEWIEHE EEOWRBEMORELRH VY, i, /hEfEE /LT, KRICT/MITIZ X5
R 252%, ZBEHD TNV —FICLDR23T%DHRTH D, FEED I/ NV —TDEmhRIL
DR BN R DRI, ~TrEEICFE, REHEAGORBICLY, 2Exr VT HE
M2y, 0.37ns 22 H 9 10ns Itk X, 2016 i, 2hE 19.9% Z =K L T\ 5, GaAs = Si
WO, RNy v R_R— 3 2 K0, 2007 FF A, 3% 209% ., ~NA K74 RiEZ Rz
FKHEEHEORBIZ LD, 2019 FEDEFK 23.7%I12, BTN TN TWD, BEHESR
BIEBRKOESTOEMa T A A4 MMEIOEWE, TS Tnd, 2 1FXa7 &
HA NISi, X7 A A FCIGS, Xu 7 AHA MNXuT AL FN2¥EEX T LAKBGE
T, FEIE, Kx . 28%. 24%. 23.5% DR TH 5,

5. 2 {tEYERXBENLDEF

(1) Takuo Kato (Hi:BLpE) 1. “Recent progress and future prospects of CIS-based thin-
film solar cell technology — High efficiency and new applications” & @ L C., 7L —F VU GkiH
ZiToT-, HAROKE R EIX, BT, 2018 4D 56GW 5, EIFRHRAMIZ L 5 2030
OB 150GW @ Ll L, 2050 4E(2iX, 400GW & W5 FHELH DL, 4%, (B) &
KKz A b (fiFg) Tz, BE, 77X 70, HILOHMEOAR, 288, RS
nNTnws, £212, Y—7—70r7 747 2am8h®E CIGS KW EM DM E Rd,
FEa— VRS, V=T —T7u T 4 7T O 841cm?2 T, % 19.2% . Avancis O
30cmx30cm T, %h=R 19.0%. Niesole D HEif& 1.085m2 T, #h=RK 17.4% DRW TH 5, ik
LARLVDOEY 22— VHRIT, Y—F7—78rT 47D 17.2% TH 5, RbF X° CsF O 7 /L
7V BRI XD HEFEH OB (Zn,Mg)O:AI R(ZN,MQ)O:B 72 E D @AYy R¥ v v T HEE
Ag IRIN72 EDHIFEN, b To, S b mElicmiT, ¥ o7 AKEEO IS
WP, UCLAIC K DE Vw7 2T AT, 3 2243%, HZBICXK D 4% AT =
HIVAB 7T W 259% 0, RISz, fmSiEYa—10 120 DFEEE Y 2 —
NORE, REOFHWERLRE, ILVWHEBREBRLE KIS,

#* 2 CIGS KFFEMZNE DRI

V=T —Tnv Solibro ZSW EMPA
T 47T
Voc (mV) 734 739 741 734
Jsc (mA/cm2) 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

(2) Yong-Hang Zhan (Arizona State Univ.) ¥, “CdTe and 1.7eV MgCdTe solar cells and
liftoff technology using water-solution sacrificial layers” & B L C, 7L —F U #H 217> 7=,
FirstSolar (X, 2/ & T, 2 256W OF YV = — L& A L TH Y | BIPV 72 ¥~ Dl T,
WIFFIZ R E WA, CdTe KIGEMAN R 22.1% 1%, o KGEMICH T, &< idwv, EF



http://www.eupvsec-planner.com/speaker/207039/Bermudez.htm
http://www.eupvsec-planner.com/speaker/207039/Bermudez.htm
http://www.eupvsec-planner.com/speaker/207039/Bermudez.htm

BERRENRHEETHY R IITRTIREEMIRIKEN S & I, ASU, NREL, CSU, First Solar
DY MBI ST,

#£ 3 CdTe KBGO FfE & kK

Challenges Solutions
Low Voc Remote junction
*Poor hole contacts/low p-type doping p-Znte, p-a-Si:H,
MgCdTe barrier layer, AI203 on CdSeTe
*Surface/interface recombination ZnMgO passivation
Diffusion of Cu Use of group-V elements (As, P, Sh)
Low efficiency than theoretical limit Remove of absorptive substrate to enhance
photon recycling

CdTe/MgCdTe ¥ 7/ ~T n G HES KGEMS X T A8 L0 7 e —F RN S
iz, CdTe KBEEM O ERFILIZH T, MgCdTe/CdTe/MgCdTe ¥ 7 /L ~TFT m & HEES
KEGEMD AT S, £ 3 @ holecontact & L T, a-Si:H 28 5 1L, active area 2138 19.7%

(Jsc=24.9mA/cm?2, Voc=1.09V. FF=72.4%) . total area %3 17.1% (Jsc=21.7mA/cm?,
Voc=1.00V., FF=72.4%) OWRIN TH 5, ¥ F Ak L LT, CdTe(Eg~1.5eV)/Si(1.11eV)
X MgCdTe(1.7eV)/Si(l.1lev) 8 xt 4t Td 5, MgCdTe ~ v & v iX, #hFE 15.2%

(Jsc=16.9mA/cm?, Voc=1.12V, FF=78.7%) OKHW TH 5,

5. 3 BMEIN-VEES., EAESLIUFEAABELSE

(1) M.Yamaguchi & (BmHT K, F=I ¥, v —7F, NEDO) I%. “Super-high efficiency
I11-V multi-junction and concentrator solar cells, and PV-powered vehicle applications” & & L T,
TU—TF VkE AT o7, AEKEER, LR KGEMR S L OF MK E MO &2 =R
fEDOZEENVE2—Shlz, W8I, HHEKNLEMDENRILOLELTRT, NV X T
LK EM, IR RGEMIL, 2R, £ %, 43~46% ., 55% D @B FRAL BN WFFTE 508,
HgEG KBEM T, 29~32%72, RFA T, # 7 ofkd, BLEMBTH D,

BREKGEMDO@MBRRNT v VICEAT DR R b e Sz, KEGEMOEER
Je ) B AR 6% %R (ERE; External Radiative Efficiency) . iR 7 FF 2~ 5, HUPLHE 2L 728,
BHINTWD, MFHERZKIICTRT, 3, 58X T L KGBEM T, 215 42% ., 46%
DENFAEPHFFTE 5, GaAs K5 EM ., fidh Si KEBEM T, &4, 25 31%., 29%»°
WFFTE 508, CIGS® "7 AW A FKIGEMTIE, £72, EEHK, HEBELNBET
bY . BE 26~21%NHHFTELRUTH D, -V FEILEW K EMOEH#EYIE S 5 K&
SNz, REXRMBBOENZLDREHMEOEN, BT AESLRABEEMAE. BALIC
LX) Tk, B RBNRBOEB LDy U TEAMEET =—LBIR T
+ b UH A7V TRENR, BB, $FIZ, GaAs®° InGaP T, 74+ b U ¥ A2 U
IR, R EDHT VWD, ZEAZ T LAREEMICOVWTIE, ExOREDI B by
TEAMEIORE, YTREADAS U —ax s va AN RS, BELINT,


http://www.eupvsec-planner.com/speaker/207039/Bermudez.htm
http://www.eupvsec-planner.com/speaker/207039/Bermudez.htm
http://www.eupvsec-planner.com/speaker/207039/Bermudez.htm

Efficiency (%)

50

n(0) =g {l-expl(a, —a)/c]}- Cont. MJ I
40 1n(t) is the timg-dependent efficiency. =
1 limiting asymptotic maximum|efficiency, - Mnunlti- Junction
a, is the year for which n(t) is zeto. .
30 a is the calendhr year _ 1/ Conc, GaAs |
- ¢ 1s a charactefistic development [t1 . ﬁ'— _ _ - - -
=Sl Conc. C-Si — —
ﬁ - = : == "7
20 #&g
CIGS »
rd .
A x7 ; Perovskite
10 Crys. Sij é .
7 4 !
A s GaA /
/0 o
0 , / [
1940 1960 1980 2000 2020
Year
8. FKFE AR M O EFADEE (M. Yamaguchi & £
50
—57 (1=0.02) 3T (1=0.02)
45
—1J (1=0.02) - 1T (1=0.1)
A ST Dana  3IDana S5-J38.8% T 37.9%
35 i
B GaAs Data B SiData GaAs 28.8%
= 30 ® CIGS Dara O CdTe Data
:-:, 15 & Perovskite Data O a-Si Data -
2z 28
= .
2 g | A OPYDm CIGSe 23.35%
S CdTe 22.1%
bl

PerovsKite 23.7%

~ assi 10.2%

OPV 11.2%
0
1.00E-08 1.00E-06 1.00E-04 1.00E-02 1.00E+00 1.00E+02

ERE (%)

9. HMKBGEMOEBRRT 2 v VIS D TR R

(M. Yamaguchi &7 & k)

2040

HEHA KB, Y2 — VICHET WY MANRE SNz, @WiESETH COx HIE A
WZH T, 2030 FF £ TIE, AV VU —1F, Eviczd ey sd, LML, HVREV
HLCOHID RIL, R+ T, KA REEFEFVEZR LV —DEANLETH D,
B 1 0. NEDO I K[ EHE L A7 LA EH A EMRFTLZE S 1T X 2 KIGEMLHE A
FHEOEANTHERT, BAEAMREZ ALY —D L, KEEREN, FLEEZ DI,
2050 121X, #J 50GW, RFEK 1TW oGS, #MfFSh b, DREOFEHEO —
H&H7-0 O ETHEBEZ, 0 24kmThd, BFHEORBLAR Xy NOmEIE,
e <. 30km/H UL Lo EFTHEEEA KRBT HIT1E, 30% L EORKGEME Y 2 — /LD
RN EREND, M1 1%, 2K 30% U LOoEHAFTDIRKEERET Y 2 — /LD N



EMZ R, KA RT Lo, KGBEMBRABEOREIHMLPEMNSNL TS, 3
Rk, HRAKEERE LT, @BERHE S KGEBT Y 2a— P06 TnD
AL RN 2% N, RRLEEBEZLND,

L1ICRTE I HEAKRBEME Y 2 —VOEY —5 > b 30% D7D,
BURTIE, L III-V BILEWm S 7 LA RGEME Y 2 — L OB PR E R &
LTS, SoRomRMEEa A MEICBET OIMEMENLETH DL, &
HOBERBEMAFEO—>L LT, Si ¥ T LARBEMARD D, M1 27T X512,
2HEABLU3ES SI X T LAKGEMT, 5%236%., 42%LL EOEB) R THE T
» %75, InGaP/GaAs/Si 3 # G ¥ v 7 AKIGEM, ~a T ANA MSi2HES T LK
BreEM T, ZhE, K 4. 35.9%. 28.0%DBRTH D,

Prediction of a number of PV-powered vehicles

" Number (x1,000)
60,000
1 Vehicles without onboard PV

= PV-powered Vehicles

53,356

50,000

Increase rapidly
30,000

10,000

U.|I|IIII I

ccccccccccccccccccccccccccc
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

NEDO's Interim Report “PV-Powered Vehicle Strategy Committee” released on Jan. 315t 2018.
https://www.nedo.go.jp/english/news/AA5en_100358.html

1 0. NEDO PRt E Y 27 A BB HMRAMZ R (L2 KGEmAEE A
FhE O E AT (M. Yamaguchi & 78 & £H)
Solar module for automotive applications 1

Réquired area/eff. for installing 800 W modules.
5.0
\

& ~ Maximum

* Lightweight

* VVisual attractiveness

* 3D surface applicability

Smaller install area is better

0. \ \ i .
0 10 20 30/ 40 \%
Module efficiencly (%) )
i A. Rooffhood/side (~4.5 m2) ," ; B. Roof/lhood (~2.5 m?)
i Module eff = 18% @ i i High efficiency module g
AP W) e W _

i
]
i
i
1 y
! | 30 smaent_soar_cal
H |
]
i
]
i

hitp:isolarcelicentral.com/solar_page.him|

" 1lIl-V, tandem, MJ cells

Film + colored module

\High-efficiency (>30%), colored, flexible module \

1 1. %3 30%LL EoEH &SRR KEGEmE Y 2 — /O 02T
(M. Yamaguchi ## 7 & £})



F4. KGEMEHKABHEORIES M (M. Yamaguchi 7# i & )

Status of practical phase PV-powered vehicles 7N
Auto company Module | Output power | Driving range |Sales start year
TOYOTA &S | g (T 180 W ~6.1 km/day 2017
Mips:Higiobal 10y0RM P MEewSI0OMA0YOLY27 9656888 hemd

@ HYUNDAI % Si NA NA NA

co - Si (IBC) 1000 W ~50 km/day 2021

sono (e )morors Si (IBC) 1204 W ~34 km/day 2020
8Hanergy ﬁ GaAs NA NA NA
50
=—3], rs+1/rsh=0.025
45 = 3] rs+1/rsh=0.1
: =27, rs+1/rsh=0.025
= 2] rs+1/rsh=0.1
o= 40 O Data, III-V 3] -
é @ Data, ITI-V/Si 3T
> 35 ® Data, IT1-V/Si 2]
% / )
‘s 30 - -89
= ¢ .
Mo T o-- ® @ A
20 . .
15
0.01 0.1 | 10 100
ERE (%)

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

12. SiZr7 AKREEMORIR L GHRMOATREN
PV-powered car for “Public Road Test”

Collaboration with Sharp and NEDO

InGaP/GaAs/InGaAs 3-junction (Sharp)
Prius PHV s

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

1 3. FEIFRBRA InGaP/GaAs/InGaAs 3 #:4 K E M #E#E b 2 % Prius PHV
(M. Yamaguchi ## 7 & £})

10



Bl 1 327 Lo, EFERBRH T v — 7% InGaP/GaAs/InGaAs 3 #: & KI5 E M5 # ~
3 % Prius PHV &%Hﬁ%;n)l Snt-, #EETIE, III-V/Si # v F A, 3#HEAKBEEmLD
R ENSE Y 2 — LB L OIIT-V/Si A 7V v REOELKBGEMRE Y =2 — 10O
WEZERCR & s S T,

5. 4 #HRZSIiABEHDE

(1) Frank Feldmann Stefan Glunz (FhG-ISE) (%, “Silicon photovoltaics — New opportunities for an old
technology” & L T, 'L —F U G & 17 o 72, AanSIRPFEME ¥ = —/LiE, fiG0I97% % H .,
Sthb, FERHDTHA9, M1 4123 T K H1C, #aSiKEGEMIL, GaAsLGalnP X[ E
iz ~xT, BEHRK, FFEEANREZL, XEOLRMPH D, KBLOF ¥ U T v R —TU A
Y IEMMETH D, MEASIKEE O G mtEN, i S vz, PRISIOAL-BSFE LI, 1973
I, K OH|ENDH Y | 201045, 2013512, BhR, K4, 17.2% ., 19. T% PN @E S,
—WFEH T DT0~80% % D CT&E7en, K1 5IZRT X, BAhE20% B RAT
»5,

X1 4. FFEKGEMDENRICOBUR & LFED r[FENE (36 EU-PVSECT, 1 _EIAYEEHRL)
PERC limitations

* PERC efficiency is limited by
recombination in silicon and under the
contacts

30 4 |

] .
¢ Aluminum as localized BSF excludes the use * éh
of better N-type material 26 4 i
* BSF and selective emitter can only partially Passivating 77 25.0 o
shield the recombination at the silicon/metal 24 4 Contacts -
interfaces PERC g

22

.. . . Al-BSF

* Passivating contacts is the most credible 1
candidate for next generation solar cells
after PERC [1]

Average cell conversion efficiency [%]

"I T M T T T N
2010 2015 2020 2025 2030
[1] M. Hermle, nPV workshop, 2019

X1 5. FAAEASTKEEMORRA (Dr. D. De Ceustefffit)
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1 6 1Z/”7 K 91T, PERCIEE 25 | A d STK G EE O BIAE D F it Td 5, PERLE LT,
UNSWIZ. %h325.0% . Longild. 24.06% DPERCE /L DitdkZ H L TW5, L2L. PERC
TV OMRPAPIEH I TND, LrL., PERCELVOZREADEFmMEI N TN D,
1 5Z/R"T & DIZ,PERCEI/VIZ, 23. 5%, ZhE[RHR Th 5, Passivating contacts’,
WHRKEERE LT, BiffshTWd,

PERC is the benchmark

JF LB R o530 L s o
sl 10x10 % l 10 o= LONGi Mono PERC Cell Efficiency Record
g g N3 “,S:APEX i E s ey
= 231 = F Y ‘/‘ 800 5;’ e LS R S e S
& ¢ ‘% A'Toxture 4 g 2% nes
5 o 6 X “m AOx 4 T -
S g i % Skipeshlsoo 5 2 2l d =
% 22 2 Prlnllng_ = 55 : i
% S = menll WIS
S g A joo & Y
2 £ Pl *
FoE S B NS S S R S
Nz . - ‘n & o & ¢ F & o
W 0z 01 a0te 2008 2020
Fabrication methods Year
) Hongbin Fang
Byungsul Min, IEEE JPV, 2017 Yifeng Chen, IEEE JPV, 2018 PVCellTech 2019

X1 6. PERCOAEIAED T (Dr. D. De Ceustefifih)

1 71%. FhG-TISE®TOPCon (Tonnel Oxide Passivated Contact) KFEH O L
Btk 2 7R3, dem®B LT, %h325.8% (Jsc=42.9mA/cm?2, Voc=724mV. FF=83.1%) 7\f%
N TW5, TOPConld, W& fb7e L., bifacial O£ % F L. Trinal’, 24. 58% Z K L .
WA\ Yy 8 TAUDHFRIF23% UL ETHDLH, Ny v ar X FkAT, SunPower D%
25.2% . ISFHOPOLOMEE /L T, #1%26.1%., ~T uiES Ny 7 a2 7 bk T, I*x
B DNFE26. 7% DB TH 5, Auger LimitDZhRBIAIL, 29.4% TH V| 20304, R
29% T, ffI+ 5759,

1 7. FhG-ISE®DTOPCon K5 OREE & #¢#P: (36" EU-PVSECT., H BB CHRML)

NHFE30% L, EE B LT, I1I-V/Si, Xa 7 Ah A N/Si ¥ T AKBEMD, RitSh
T35, FhG-ISE TiX., direct bonding {2 & % GalnP(1.88eV)/GaAs(1.42eV)/Si(1l.12eV)
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3HEL T LEALT, 2 34.1% (EFE 3.963cm?, Jsc=12.4mA/cm?, Voc=3.177V,
FF=86.4 %) . direct growth T, %3 24.3% (Jsc=12.2mA/cm?, Voc=2.662V. FF=74.5 %)
EHTVWD, Ra T AhA NSi28AEY T AKBEEM TIX, Fh6-ISE 1L, %% 21.6% D
WM TIH D, EPFL 6 Zh=R 25.24% ., Oxford PV D, #hER 28% A, ME I TWnb,
HZB » 5, #x T, LiF/1Z0/Sn02/C60/perovskite//PTAA/ITO/Si-HI #ED 2 826 % > 7 L K
i (1.03cm?) T, W 274% B HEI N TNV D,

(2) Yaepeng Wan & (GCL-Poly Energy) iX. “Recent key technology progress and
issues in crystalline silicon wafers for solar cells” LHEL T, L —F VU #FEEH%E
ToTe, 51T, CZ-S1 DBLREFFRA, OO TV D, ST, EKRFRE, K
A OME . Ar T A recovery, HEE - TR AaRXRMNDODILRAEE. R ETH D,

5 CZ-Si OHR L%k

Present Future
Pulling speed 1.5~1.7 mm/min 1.9mm/min
Power 20~28kWh/kg in 45~65kg | 17 kWh/kg
Charge size 700~1200 kg/run 1500 kg/run
Productivity 3.8~4.8 kg/hr 5.5 kg/hr
Diameter 216~236 mm 280~320 mm

X A M EAESICE L TiX, 2005 £ 5 G4, 2007 4Ev D G5, 2012 FE D G6/GT &, K
BRI 2011 FEN D — REF v A FOBRABR RSN, 2011 FENDLF ¥ X FE D G,
2013 AE0 5 G2, 2017 /D G3 EHER L, 2018 FE 7T Annb, £V 2 — 1k, (3 DF ¥ A
FE /) D ANDHEELNRENTWDS, v ARME Z Az PERC B ASR T, 2013 4F
W20, 17.6~19.4% & 7345 L TW72 A3, BUFEIX, 40 LD PERC /L (G3) DB zhH 1L,
21.96% TH Y | CZLENDNFEENED 22.2%IZEDNVTWVWDH, BARE S, CZ D 12ppm H»
5. ¥F¥ A ME/ TlE, Sppn ¢ HEENTWVD, G3F ¥ AME/DPERCENLEY =2 — )L
Hd . 375~395W AL CTW5b, EVa— Ml (Bh#®) . CZE/ LDEIL, 10W
BETHL, %L, RETv 20 &#E AL, MEHRME, LAY hYy—2 FrLny
— FEEZREN, FEE L TWDH, Trinald, N * vy X € /7 % /2 TOPCon E /LT,
Zhek 22.96% ([ FE 247.79 cm2, Jsc=41.35 mA/cm2, Voc=709.8 mV. FF=78.14 %) % ik L
TW5,

(3) Christophe Ballif®n (EPFL) I%. “Recent improvements in research and
industrialization of front and back - contacted solar cells and modules using
low-temperature passivating contacts” CHL T, 7L —F VEELIT- 7=, 1 81z,
TOPCon & ~7 24 (SHJ) #§3&E K B5 ¥ ih o H i 2 7 37, TOPCon & SHJ D L3 72 S 7z,

TOPConld, Y& k72 L, bifacial DFfRZ A L, Trina’’, 24.58% 2= L, /S A 1
v M T A DORIT23% L ETH D, HHIERFEITIEIE T, M4 O i A 72 a > (LPCVD,
PECVDPVD, APCVD, A A U {EARE) M %, #iE L. Meyer Burger Schmid, Tempress,
Indeotec, Centrothem, OLT, Von Ardenne. Semco, Intvac’ 2 E/x6 AF T 5, Trina,
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GCL., JollywodZg &M, XA v hT A4, FifiAR AT —YTH 5, TOPConlx, HIE
DPERCT A % T v 7T 7L —FRTEx s — )LEERTE5AEMEND D, 32O
T — /L, EDpassivating contactsZ FF-DO ¥+ RTOPConTH 5, kX, A X U ¥
—YaroA Tl r—yvayry, [ KaR T L—T 407, Ry "= 3 &L
SHRVWR—R R ETHD,

—J5. SHJIE. X b7 L, IREERE (0.25~0.27%/°C) . bifacial, H 1t A
T —DREEET L, NFT Y=y 71 19TEDCR RBAELZBE L, WiEX Ay —
DONFIF.23% U ETH D, X F Y =7 Tesla®d 1, 000MW 4 FE D i, RECO 600M W |
Hevel Solar®250MW A PEZR & T 5, FLAFBH 11X, ASU, CSEM/EPFL, CEA/INES72 & T
REINTUWBD, Meyer Burger?, 24.55% %M L CWW5D, RECDE Y = — VR X — /7
v M, 20.6% (360W) ~21.7% (380W) Th o, HEESHF L F 1 74 1, Meyer
Burger, AMAT, INDEOtec, Von Ardenne’2 E 6 AR TX 5, K&EAPE S | CIE, Sunpreme,
3SUN/ENEL, Hanergy, Jinergy72 & T, fEHF TH 5, WiEa X hOKHEABLET, ¥
Bl fEEhSi. chemical, TCO, Ag, T a—J)L HEE A LVL—7v "3BT TW5S,

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

Teo (2 VAVAVAVAVAVAVAVAY, v A 9‘~: osting

/ \ i nlever
asmin) NARAAAARARAAAAAAAAA X Y "
o-SiH () 'V .
«Stin) ox)

Heterojunction solar cell

(Hybrid) TOPCon cross-section

SH) crgss-sectlon —Yorig Lit, Joilywesd, 2017 Dopant-free asymmetric hetero-contacts
C. Ballif, 2018 IEEE-WCPEC p - . --J.Bullock, Nature Energy, 2016

B . _ 10 = 16:4 /959, = 14. y
Si0e=14.1 54, =13.5 ‘ Sie=13.3(Ti0,) S5, =12.5(MoOx)

[1] Glunz, 2017 IEEE PV Conference
Selectivitv values from J. Schmidt. Solar Enerav Materials. 2018

X1 8. TOPConk ~T7 miiA (SHJ)) #HEXRKBGEMOLE (Dr. D. De Ceustefi&fil)

EPFL TOR DD A LI STz, K=" F 7 U —Mo0: 72 &% ¥ U 7 %R passivated
contact WIRFTI AL, Flix O CZ U= ~ZHW, % 23.1~24. 4% DBRTH D, Fr X
IBC /v Clik. 25.0% (@4 25.04 cm2, Jsc=41.5 mA/cm?, Voc=736 mV. FF=81.9 %) # %
TW5, 5%i1F. B v ¥ —axr g rofE, EEa X MNOBREB., 7y 727 1L—FR
IBC 72 Eham L (EEE L 23.56%—25%) . 7= DAk (110~120pm) | Agfl
MEHIE (20~30 mg) . X—A MfFE (Cu~—RX L E2FL) BN, MEELE LD,

5. 5 PVEYa—JL, BOSaviKR—x>2 9%

(1) JunLv (Longi Solar) £, “Power, peak, cost valley — Innovation LCOE solution” & i
LT, 7bv—F VUiE %47 > 7=, LCOEIX, power, energy yield, reliability, costiZBIf& L .
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20004E M 15CNY/KWh72s & . 20174 D 0.7CNY/KWhIZ K L T\ 5, KA =\ bifacial,
half-cut’z PO T Y =2 — VEIFICE L Lz, M6U = o NX, 156.75mm# 2> 5 166mmfd (T
BiTL., EY 22—/ 3 X F0.031CNY/WZ% HIJ# T & %5, Bifacial PERCE /L L, 67382/ —
RN O E LY | h3E225% DORNTH D, Ak, PIDR EOEEMEICEL TH . M
WENRSNZ, Y 2 —/LHI-MO3, Hi-MO4D H /11%. 4% %, 375~385W . 430~ 440W
T, BOS= A £6.9%., LCEO1.45% DX 2, 1EH T 5, Energy yieldiZ B L Tidk,
tracking gain9.3% . bifacial gain15.2% . total gain24.5% % HiAA TW5, 5% . LWL EY
o — ViR e, BT, B0 EBEERE ., bifacial PERC, half-cutZe &3, HEE L £ L o7,

( 2) Keisuke Ohdaira (4t ke uiPe k) 1, “Systematic study on potential-induced degradation

of n-type crystalline Si photovoltaic modules” B L C, YL —F VikiEH 21T 7=, PVEEXD
JERE T, PVEY 2 — L OEEMEIT, fc, BEEELR->TWS, M1 9IZRT &1,
nUFE (Front Emitter) B X RSi~T a4 (SH]) £ = — L DPID (Potential-Induced
Degradation) IZPIT HMEIRE R WME S N/e, FRIZ, R6I1Z, BRENATWD, i,
ZEXWMP B FLIL, BBXMESR IV, SHIEY 2 — /L Tk, TCOND & JE
InJE R IC & % Jsclid & Si~DNaf AT K D Vocl b 23, TELILTH D, nFEE Y 2 — /b
TiX, FRO3EMEALL2Y, FH 1M BEL S DM, JsckVocDJd, SNk D
EEMEEERmHFMEAHA, EBEMOERIZ., Ky ¥ — (SIN\NDOSiZ 7 U 7R
YR) o H2BMEEIEL D DA, FFEAD, 2ZZBN~DONalz AT X 2 A BN,
3PS ML D 22, Voc L FFDORA, Na F— AT AIC K 5 SiNx & #26 D RE,

Front contact grid

n-FE cell SHJ cell
7 - SiN,/SiO;
AAAIMAAAAAINAA o Commercial cell
Rear-emitter type
n-type Si substrate
IWO as TCO
LA A — n*layer
~ SiINJSIO,
Rear contact grid
Commercial bifacial cell
p* emitter facing the illumination
Grouﬁﬂd(leq
plate
PID test Glass block
 E—
Al plate method _
K. Hara et al, RSC Adv. Conventional tempered Negative bias for PID
4, 44291(2014). cover glass Positive bias for recovery
T _oc O Cell (one-cell module) }
emperature: 85 °C E 0
i ncapsulant Backsheet
Humidity: <2%RH -

\
EVA  PVF/PET/PVF

1 9. PIDIBRDO KBS & 7 2 &t (Prof. K. Ohdairaffit)
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# 6. PIDRBRICE D KB EMETY 2 —LVOREEEIL, ZEXHED A D= XL ESE TR
(Prof. K. Ohdaira#gfit)

PID of n-type ¢-Si PV modules

Our work

Possible mechanism
Rear-emitter  V__reduction Na introduction Sol. Energy Mater. Sol. Cells
(n-RE) 151, 113 (2016).
Silicon J.. reduction Reduction of TCO by Na Sol. Energy Mater. Sol. Cells
heterojunction 161, 439 (2017).
(SHJ) V. reduction Na introduction Prog. Photovoltaics Res.

Appl. 26, 697 (2018).

Front-emitter J._and V,__reductions Charge accumulation in SiN, Appl. Phys. Express 9,
(n-FE) 112301 (2016).
Jpn. ). Appl. Phys. 57,
122301 (2018).

FF reduction Na introduction into a Microelectron. Reliab. 84,
depletion layer 127 (2018).
V,. and FF reductions Serious damage by Na Appl. Phys Express 12,
064004 (2019).

5. 6 PVYRTL, e, BA. 10770 —2avaE:

(1) Hongwei Zhou (IBEA Xinjiang Sunoasis Co.) %, “Passive damping scheme design for
multiple grid-connected photovoltaic inverters with a common capacity” & L T, L —F U
FEIE & 1T o 7=, Multi-paralleled f > /X —% — %, RN, TV 2 — b, BHaEE2 D7 <
TEXDHAY v BB DH, A /3—%—|T circulating B2 H 0 . HIEFKRHEKRY 7 Mo
MBI, NTLAEOBECEY, B TE 5, 72, common capacitor (2 L 5 HEE
KEOEE S ATHE Td 5, passive damping % i & active damping g%t 725, #Ar iz, X
7 LIVHIZMSIIZ, common capacitor Z W5 2 & T, HIEEEKEEHE TE VWD, v
AT LD ENE 2 ¥4 active damping (X, & A A v F 2 TR RO R R £,

( 2) Xiaoping Xie (Yellow River Upstream Hydropower Development Co.) i£, “Environmental
and ecological impacts of wind-photovoltaic-hydro-storage complementary energy and large-scale
photovoltaic power stations” L T, 'L —F ViEHZ 1T > 12,

5. 7 PV #&F. miz. BRESF:

(1) Stefan Nowak (IEA/PVPS) (Zfb VW . IEA/PVPSEEFHZ A . “From technology to the
energy system - latest insights by IEA PVPS” L L T, VL —F ViEHEZIT-o7=, K
B E (PV) 1%, TW Eralc@m vy, OEAEILA, OMAKERICE 2o x L ¥ —|C
2L, @IRHE R HERH, D42 OBE~DOF —EA QT RXLXF =V AT LA~DB A,
©®FHoxrX¥— (EBBR) (b, PEATHWSL, R7I12, PVHBEOTA LA N =V RRE
TS, HAREE AT, 19994E D100 MWA 5, 20184 >1006W, RFEE A &L, 1995
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FEDI00MWA B 20185 D >5006W~ & FLRK L, 2021/20224F (21, 1TWZ B X X 5, PVOAS &
OFmMEE, K203 T, ZVy RAr 77 b —va iz, AL —YEDWHIT),
BT 4 U 7ICNA, WESEE~OHBIEK, XX = XA T AR XL F — i~
DBANFEOBRIEMEN RSN TN D,

#F7. PVBRO~A /LA F—r (S, Nowakif i & #})

IEA INTERNATIONAL ENERGY AGENCY
PHOTOVOLTAIC POWER SYSTEMS PROGRAMME .

Annual Capacity Cumulative Capacity

1999 > 100 MW 1995 >100 MW

2004 >1GW 2002 >1G6GW

2010 >10 GW 2008 >10 GW
2012 ~ 100 GW

208> 1006w 2018 |> 500w
Moving to the TW era very soon 2021/2022

IEA INTERNATIONAL ENERGY AGENCY ‘
PHOTOVOLTAIC POWER SYSTEMS PROGRAMME .

- PV & electrical grid integration
high penetration PV, grid management issues, flexibility

- PV & storage

storage technologies, P2X, short term storage, seasonal storage

- PV & buildings
BIPV, BAPV, PVT, technologies, aesthetics, design, standards

- PV & mohbility
plug-in hybrids, onboard PV, charging infrastructure

- PV & energy system

power, heat, fuels

- PV & energy market

market design, business models, requlatory framework
X2 0. PV®DOAH%O M (S. Nowaki#E i &£
I EA (International Energy Agency) IZXAHRITDOHSITHERGHRE I N7, 2 112,
IEAICKDHAFTE ALV —ICHT L0 RERT. 22 5 FHOKREIEEEDHE

ABNDBEOREEFIRE S, BEPEZ R LT —1T, 4% b, BANRRESSEDRTES S,
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2 212, 2019~2024 O HAFMEZ RNV X —DHRNICZET LI EADOSHERE T,
Solar PVO K& 72O, FPHIEH TS, K2 32, DHBIOMEEP VOLCOEIZE T
51T EADOGHEREZRT, Solar PVO a2 X MEEA X HICH#HR, NFREIEE LY &5
LY. R, AP VIZ, BRERICEIBICRD1EA 9,

Are we on track to meet global climate targets?

Generation by technology

Generation growth (2019-24) 40% Generation shares

Solar PV 35% \
30%

Wind o /
25%

Natural
atural gas 0%
Hydropower | INEG_— 15%
Bioenergy 10%
5%
Coal [ °
0%

TWh ¢ 250 500 750 1000 2018 2020 2022 2024
——Renewables —Coal
Natural gas w—=Nuclear

Renewable electricity generation will grow faster than all fuels; however, to be on track with global climate
goals, renewables share in generation need to surpass coal before 2024

- 1ed

K21. TEAICKEDHAMRERZ X LX—ICET D00 R (S. Nowaki##H & k)
Solar PV drives strong rebound in renewable capacity expansion

Renewable capacity growth between 2019 and 2024 by technology
Others I
Bioenergy .
Offshore wind .
Hydropower -
Onshore wind _
Soor Py

0 100 200 300 400 500 600 700 800
GW

Renewables expand by 50% through 2024, with distributed PV alone growing as much as onshore wind

1ed

X 2 2. 2019~20244F O /L A e XL X — D O BT 2 43 07 b 5
(S. NowakiEH & £})
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Distributed PV increasingly cheaper than retail electricity prices

Distributed PV LCOE versus residential retail electricity prices
300 o

250
200 . ‘I

150 I
100.. .. Il'-

usb/Mwh

50
0
2018 2024 | 2018 2024 | 2018 2024 | 2018 2024 | 2018 2024 | 2018 2024
Germany Japan Australia California China India
USA

Bl (COEin2018 M LCOEin 2024 & Residential electriciy price

I Continuing decline of solar PV costs widens the gap with retail electricity prices, increasing distributed

1ed

K2 3. "HMBIXOMMEEP VOLCOEIZEET A1 EADOOHRES (S. Nowak:# il &k

PV's economic attractiveness for private investors

i |
o
=
.
* 32 members: 27 countries covering 5 continents, EC =
SolarPower Europe, SEPA, SEIA, Copper Alliance '_—'
* Atruly global and unbiased network of PV expertise ?
* Representing main stakeholders in R&D, industry, b4

implementation and policy

* Activities are carried out collaboratively on a country
basis along a number of technical and non-technical

subjects
Technology Collaboration Programme
bylea "w Lo o

X24. TEA/PVPSOEHMPEE (S. NowakifiH &)

IREI=E RIS

|

IEA/PVPS (PV Power Systems) OIFENRILG W Sz, X2 412, IEA/PVPSOIEEMEE, X2 5
12, IEA/PVPSD & R 7 {&#8h 2 7~9, 1EA/PVPSIZ, 2 7 [E LEC, Solar Power Europe, SEPA, SEIA,

Copper Alliance® 5#EBID 3 2 A L/ N—InB72 0 PVEEIE O 7 o — )b xy NT—27 TH D,
BRI, ARZE. B, BURZR L. 8, FEEIRREB I OW T o, EHEEBEEIA R S Tn
5, X2 61RTEIICHIE. 8 ODHX AT B D, Task 114, understanding markets, business
and policy, Task 12{%. providing facts about PV sustainability, Task 13}%. tracking and
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securing quality and reliability. Task 14{%. preparing for 100% renewable energy systems,
Task 151%. understanding the BIPV market and its dynamics, Task 16{%. enabling predictable
PV production, Task 17/%, studying an important new field of applications, Task 183,
addressing the off-grid challengesZ . &ML CW\W5, &% A7 OIEFENH K, EEBHINE. HERK
DS, W Shiz,

At OEENHEAE LT, MNeed for a much broader view Beyond PV and beyond power, @New
opportunities arise Competitiveness, new applications, diversity, system view, @:PV as a
backbone of the future energy system Entering many areas of the energy system, possibly
becoming the most important source of electricity/energy. @Sense of responsibility Trust
and confidence. (®Sustainability in all dimensions Environment, economy, society,
decarbonisation of the energy system. 23& 5,

PVIZ, BREZEORROT XL F—L LT, RERTF Y U ADH D, Fx OBFESLRM LR L.
Fx Lo PTHMENDHY . IR, BERILFETE, 0, FEPL— L ZBR T HO/N— R
—“//7 / /%T/?X?ﬁ%;ﬂ“( EEOT 7 aryBUBETHLE, O,

\ \ Y \
PHOTOVOLTAIC POWER SYSTEMS PROGRAMME "

*» Task1 - Strategic PV Analysis and Outreach

* Task 12 - PV Sustainability

* Task 13 - PV Performance, Quality and Reliability

* Task 14 - Solar PV in the 100% RES Power System

* Task 15 - Accelerating Building Integrated PV

* Task 16 - Solar Resource for High Penetration and Large Scale Applications
* Task 17 - PV and Transport

* Task 18 - Off-Grid and Edge-of-Grid Photovoltaic Systems

M25. TEA/PVPSOXZ7iEH (S. Nowakif i & #l)

(2) Zhongying Wang (China National renewable Energy Center) (&, “China PV development
and future revolution vision” & B L T, 7 U —F UEEH AT > 7=, HRAIZIX, 20504 £ C
2, CO2H AZ T 2B EICH D, FETIE, 20504F £ TIZ, WITHRER S T 008,
B TH 5, 3483MtOCO2HIIZ A T, KGR EL GO HLENET R/LF— (RE) O&
ANEZEDDLMENH S, 20504-121%, REIZ, 2= R/ ¥ —D89~93% T, 2664G W ~2835
GWEADEY 3 Thd, 4%, BE~OBALERHHHEE~ORMAICLEALILD D
LDHETHD,
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5. 8 HEOKBENTITAET DN :

MikZE S, PTEOXRBEMT 77 4 €7 4 DI Sz, TEOKKEMBHIC
(X, 1000LL EO#FZERT, K%, RERBE L TWVWD, WEIEM, HADT0%L EoE Y
a— )V EHHFELTWS, TEOKEEMODbest efficiency tableXfEMEN7-, Th=E
T. version—-1232018F5H . version-2232019F5 2. BITINTEY . 5FH D, version-
3L OETHDH, 8T, ¥V —F J/LProgress in PhotovoltaicsiZH#H I TH W5 HEH
DEFEKGE DO RA NhEERT,

#8. WEHOKMKEEMDNZ RO

K 5 7B #h R i F8 Voc Jsc FF B B
(%) (cm?) (V) (mA/cm?) (%)
Si mul ti 22.8 246. 66 0.6871 40.9 81.16 | Canadian
PERC Solar
GaAs 29.1 0.998 1.1272 29. 78 86. 67 | Hanergy
(Alta
Devices)
Perovskite 17. 25 17.277 1. 0697 20. 66 78.1 | Microquanta
(R =%V 7k
o — )
Perovskite 14. 30 300. 74 2. 898 19.79 70.0 | Microquanta
(7= 28%& /L
o —))
Organic 16. 48 0.04137 0.8468 25. 46 70. 3 | SCUT
6. B

HEOKGEMT 77 0 ©7 4 OB L, FEOKEGEROMZERREIZTIZ, 1000
L EoWgErr, K%, RENRZELTEY, BHRIZ, RAENTEHELIARTHS, LarL,
X8I T LHIZ, ¥V ¥ —F /LProgress in PhotovoltaicsiZ#E I N TH WA FE D
ARSI LT, BARIE, KEGEMBIERTL 44, T2 — 3R TE54L, W
BRZH Clx, K&l sbFTCns, ETIE, FELTH D,

S%IOELRERSENER THOHT D ERMBIND, i, TODIZYH, %
RO —BOMILNEERRA L NO—D2ThHhoEFZ2LH, 4%b. NEDOT RV =V
NETOREAZMGT L L, EmSIKEE A &0 K BEOMERBEE ADEZHO L,
SHICVR_ANE LTI ERLETHDL, HAMIC, Si¥ T ARBEmMN. 5 %O
DAL T —~D—2L2A 5, DREIZIZ, KBEEEREBEBICEHL, MEI PEREZ T
RWEERMERBZIT) ZENRKROLENLTWD, b9 —FE, R —0AER L TSHAIR
DEHEZLIZNVHLDTH D,

L, SH%OKEGHRBEEORBESLHIGIEKROZOICIE, £EERE, BOXENLEL
525, KBEMSKEIEFEEO MR, K2 X Me, RHEMEOWAICH O | H ik B
OIS ORLHEBILEEFLEENLETH D, EV, BRI, FoH TR ke 0N %
ALTWAEEZ2%, EMEBENEVRVAEOCZOEBAGEZETH Y . smart grid<self-
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consumption’ S EE TH VY | Ny T U EDITMEINE DA TV > FMERRLETHAS H,
7o, EATBRAFE S, j(ﬁa'ﬂaf@%/n*—ll/j’oi()\/XTA@ﬂiﬂx MeicbBETH D, BES
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