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4. Cherry AwardZ2 E& . ZERZHEE
Cherry Award ChairT& %K. Emery (NREL) X ¥ . William R. Cherry Award®D #&#& (£ 1) |
INFEFTOZEE (F2) ORI NT,

# 1  William R. Cherry Award ® #% f&

This award is named in honor of William R. Cherry, a founder of the photovoltaic community.
In the 1950's, he was instrumental in establishing solar cells as the ideal power source for space
satellites and for recognizing, advocating, and nurturing the use of photovoltaic systems for
terrestrial applications. The William R. Cherry award was instituted in 1980, shortly after his
death. The purpose of the award is to recognize engineers and scientists who devote a part of
their professional life to the advancement of the technology of photovoltaic energy conversion.
The nominee must have made significant contributions to the science and/or technology of PV
energy conversion, with dissemination by substantial publications and presentations. Professional
society activities, promotional and/or organizational efforts and achievements are not
considerations in the election for the award.

# 2 i E ToOWilliam Cherry Award® 52 B #

Dr. Paul Rappaport 1980 Dr. Lawrence L. Kazmerski 1993 Dr. Antonio Luque 2006

Dr. Joseph L. Loferski 1981 Prof. Yoshihiro Hamakawa 1994 Dr. Masafumi Yamaguchi 2008
Prof. Martin Wolf 1982 Dr. Allen M. Barnett 1996 Dr. Stuart Wenham 2009

Dr. Henry W. Brandhorst 1984 Dr. Adolf Goetzberger 1997 Dr. Richard King 2010

Mr. Eugene L. Ralph 1985 Dr. Richard J. Schwartz 1998 Dr. Jerry Olson 2011

Dr. Charles E. Backus 1987 Dr. Christopher R. Wronski 2000 Dr. Sarah Kurtz 2012

Dr. David E. Carlson 1988 Dr. Richard M. Swanson 2002 Dr. Keith Emery 2013

Dr. Martin A. Green 1990 Dr. Ajeet Rohatgi 2003 Dr. Ron Sinton 2014

Mr. Peter A. lles 1991 Dr. Timothy J. Coutts 2005 Dr. Christiana Honsberg 2015

AE D% E#F L, Pierre Verlinden (Trina Solar) . SunPower fiJg@BED /Ny 7 a2 & 7
ML T LR Trina Solar TO IR HKE & Si. L Hish Si KIBEM O m 2Rk
~OBEBRENFMENTZbDTHD, REKDONNy 7 a7 e, EXHELOERR
fb~D7 7 a—FORME., KHEPB 57, Trina Solar Tk, A7 U — 2 HIAN
vy ayvyEZy KL (HEFE 238.6cm?) T, #1% 23.5% (Voc=689. 9mV, Jsc=42. 08mA/cm?,
FF=80.9%) OBRKTH L, 4% b . Ny 7 a2 7 b @Rlbox—2 L’ 5,
Standarization (Tool, MAt, 7'm & X) CEERILFEMIECHEEE D EHEME R H T,
Trina Solar TOMWIERFEIT DWW TIL, 5.4 D Si KEEEMAOEO T L —F ViEHEZ S
Mo,



5. AREODFEYI R

TL—F UV BXOHMHH#EEEL LI, KREEO N Yy 7 22T 5,
5.1 HFAEE:

David Turk (DOE) (%. “Accelerating global clean energy research and development under
mission innovation” & R L T, ERGEH Z 1T o 7=, [EE B O Mdlix, AW EERE T,
COP21 T, F#EOCO2HIHHE NI RINTWVWD, 7 U —r ¥ — BT 5 HEE
[FBFSE & B2 T, 2015.11.30%6 L Ve, F221p HoO U — X —2%E £ Y | Clean Energy
Mission Innovation” 2 77 A S AL T WD, M41lZ, 7V —razxF—IZHT 5%
BROTHEERT, SFEMT, BELE NLOREN LI, 54%5FEMTH . #4300
EBRAVUALEOERENRIAEND, R3ITIE, BFEOMERBEEEDZHONRE KT, 4%
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5.2 EHBE. FMHE - TNRNAXNEH

Victor Klimov (Los Alamos National Lab.) £, “Engineered quantum dots in solar energy
conversion: Photovoltaics and beyond” L T, YL —F VAT o7=, Ffan A ¥
ET Ky b (QDs) OFiE L IEHOATEEN RGNz, WRX—AD T rtRITLY
CdSe-QDsD H# A R2.1~7.5nmMN{ER T & H~ROGFHME N AT, LAY L OTVICHW
LN TW5H EDHETH S, Luminescent Solar Concentrators (LSCs) ® st & # /- S h iz,
TLHF T IVRPVEER  EBH RPVELE~DISHANARELODETH S, Z O, InP-QDs,
ClGaSeS/ZnS-QDs, CdSe/CdS-QDsDO b #iE Sz, & Ry N KEEMOERE L FEN
Ehi, BYIOET Ky b KEEEMIL, CdSe-QDs T, 20084E (2 3 v k¥4, 2010412
pniE A REE T, E11.3%. 2013FI21F11.6% L >» TWVnWDH EDHETHDH, BTk
AHw)Fxx o bR Multi-Exciton Generation: MEG) BRIy Ea,k Lz, v/ F o H
VENUEROBES T Rm X, N7 DT 5eVIZX LT, a7 b, F /. QDs
ME T, K&, 28V, 2.3eV, 2.5eVC, BT /BEOHEBR LN TWVD,

5.3 CIGS, CdTe, I —VIitEYMEEELILHF :

(1) Ingrid L. Repins & (NREL) (%, "Wild band edges: The role of bandgap grading and
potential fluctuations in making high-efficiency chalcogenide devices” & L T, 'L —7F U i
&z T -7z, CdTe, CIGS T, 44, 22.1%. 223% DRGNP EF SN TV LR, KA
BERhENZW, OEg 7 L—T 4 7 OHRICOWTIX, BEEHFHEEGOME EEZZ LT
W EQZ L —TFT 4 v 7L TH B E1T% & 20% D /L% EBICHIE CHKT 5 & &K~
02um, 8umTHV, EgZL—T 4 71%, BB RLWVWEIICHLES, EgFLv—TFT 47
X, BWEF reflector £ 725> TWDHDTIL, 2WIEA D0, @3N Riid fluctuation b |
MR TH D, Veu Il X D3> K Tail Transition AEHI &4, Ga R— 72 X 2 {=EH O Tail
Transition 8 & & S 7=, /X2 R @ fluctuation (2 X 0 . 100mV 2 E D Voc BN H 5 & D
Thbd, ZNET, 7 XHEH, 20227 8 2EFx V7 EmIZEHL TWizn, frond
graded. back electron-reflector ZEE TH 5 L ik ~7=, @20.7%CIGS BV D7 — AR X T 4
IZOWTIE, KF-PDT 2h Ik %, 74 I xr 2 (PL) E—7 OELE R ~TZ,
Ny R ~1.11eV, EWIEN O FEE~1.00eV 1%, KF-PDT [l T, K& A bix7%
WS, ROV TR R T 5 3 ~0.95eV 1E, KF-PDT AEIZ LV R E LT 5,
@CdTe B LIZDNTH, kS, CdTe DV # ¥ ¥ U 7 FHdn o« (TN LFIT. Voc b [
ELTW%, ., VoclE, 1997 4F 2000 4+, 2013 4, 2015 4+ T, 454, 0.05ns, 610mV, 03ns,
720mV, 2ns, 850mV, 10ns, 900mV &, [ E LI CTWad, 2% S, T 1997 4 0 )
# 16.0% 7> 5. NREL @ 2004 4 16.5% . GE ® 2012 %™ 18.3% . First Solar @ 2015 4
21.5% LR L TV 5, KIRAD ClLIZ X DNy v R_X—v a3 VHHIRERBEM I T 5, ®CZTS
RTHE, FERXMBOEHEZ RV —=RNENZ LB, @ARlboOxry 7 ERoT05, 2O
ftt. A EF Cu2SnSes. CuSbQ,(Q=S. Se). LN,

(2) Rui Kamada & (Solar Frontier) %, “New world record Cu(In,Ga)(Se,S), thin film solar
cell efficiency beyond 22%” & @ L . Extended Oral i 217 >7=, T E T, Cd 7 U —~
v 7 7 J&. #m S-rich, EH Ga-rich ® " #H Eg A8, ZnO:B BE OB LY. & Jsc



b&21Z00 . 2014 FE121E. 23 20.9% (Voc=686mV, Jsc=39.9mA/cm®., FF=76.5%) % £
LTWa, AlX, & Voc b7 7m—F 2 WME L7, JSEWIUED K-PDT LB L 7 =— 1
D TPl Et N 72 S, ALHZR2 LD Voe=665~683mV 75, 695~705mV ([Cik#ES N TV 5D,
(Zn,Mg) O RNy 77D Egfifib a4, M Voc, @ Jsc ZHEELTWD, K5IZ
AT L DI, mAE 0.51em® @ CdS/Zn0 —FE Ny 7 7 gk LN Z2(0,S,0H) /(Zn, Mg) 0 —HE /N v
7 7 J& Cu(In,Ga)(Se,S), /L T, % %, %K 22.3%., 22.0% DM REENRNER SN TWVD
(FhG-ISE @B &) . £/, B ETEH S22, CdS/Zn0 —EHE ANy 7 7 @k L O
7(0,S, 0H) / (Zn,Mg) 0 —H X v 7 7 J& Cu(In,Ga)(Se,S), /v T, &K« . ZhE 22.7%. 22.8% & 15
TWAEDHETH -1,
CIGSSe solar cells

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

=

Z Fraunhofer =4 Fraunhofer
s st

. u . 0
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Spannung Voltage fm¥ Soannun Voltzoe /¥

Eff Vi e FF
1st buffer 2nd buffer (%) (mV) (mA cm2)
previous WR | Zn(0Q,5,0H) Zn0 20.9 685.8 39.9 0.765
Cd-free WR | Zn(0,5,0H) | (Zn,Mg)O 22.0 717.0 39.4 0.779
new WR cds Zno 22,3 721.9 39.4 0.782

PO SOLAR FRONTIER

5 R EZER Cu(In,Ga)(Se,S), T /L D Hi M (JE H K2 )

(3) Markus Gloecker (First Solar) {%. “CdTe solar cells in 2016: Realization of potential of
CdTe thin-film PV” & & L C. Extended Oral i # 1T > 7=, 2015 421X, 6 1ZRT XD
I, B 22.1% (Voc=887nV, Jsc=31. TmA/cm2, FF=78.5%) | [Ef 0.7m* & ¥ = — /L T,
TNR—F ¥ HE18.6% % EHL T D, WELRVDEY 2 —LBRIT, 164% Th D, i
HoOH T, CdTe KIFEMB XL OEIF(LOER L IR ~72, CdTe KI5EM O & &h=RIL,
CIGS K & RIARIZ, MAHIEIZ X 2 3 R v v AR 22 S, K 800nm Bl E o
FREDHEBE TOREFNLROEXENIINON T WD, EAKEREE Jsc T, £ 2mA/lcm? Dk
EREPLNL TS, FAOERHEIKTH, BEFROBENIINLNTNDLN, BED
WEICLD DT, Jsc T, K ImAcM® DR EB TN O T VD, £/2, Cl Ny rR_R—
3 X Eg AN, CdTe @O RKRMG Xy v "= a VIZHENRH V. S+ U 7 FHa o 10ns
2B 100ns 1Zm B L, Voc OEE\EDIZNHNT WS, dum L EOR SN E . ZnTe:Cu
y 7 arZ 7 PbBREINTND, 260 WHFEDR AR, CdTe KIGEM T, 2= 22.1% D
R R @I ENER SN TN D, 7o, CdSTer HEAHE AR ILE (1.5—~1.3—1.0—1.7eV)
bEEI SN TWD, 5%IFT. BRMICKDERIDaEMIBR, b7 Ko BfE LK
W, NyvX=—vary, R—BEUy7HORFIZEY, ¢ >1ps, S<10cm/s, Voc>1.1V %
KHFTHZ LWL, DE>SB%VA[ETHDL EELE O,



Increasing efficiencies: First Solar
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Slide courtesy of Markus Gloeckler

6  First Solar @ CdTe KB EHM O &R D 2% (Dr. Sarah KurtzzA&<£i#E N1 714 1)

54 IlI—VEEIEEWELELUVEXLBEKXGEE RS -

(1) Geoffrey Kinsey (DOE) iX. ” CPV in the next decade: zombie and superhero?” &/EL
T, T —F Vil Z1T o7z, $H£IKEEFRE (CPV) HifE, KB & FiE O b m O iE
KD ERET D, @fEEYE (HCPV) 1%, AR PV & A7 A2 ﬁ%%f:@%"]2@@ﬂj73%§%$
TED, VAT ALV OEEHNERIL, HO 2 B2 H5G KGEICHkT 5, 2o O KEGE
zhIE, M 7ISRT L OIS, 10 FELLERIN G el Lised) . bR 1%/FTHmL, #
1B, M 7IRT L 91T, b a— R FhG-ISE, Soitec, CEAICR DX A LY bRV T 4 7 A HA
TILDORNER 46% ., NREL 12 L 5 GalnP/GaAs/GalnAs/GalnAs T E4iE 4 #2585 B /L DR 45. 7% TH
%o, LorL, L Offix O 7 v AR T THLME, 5 50%E R DS 67250 1

DRMN D 5,

0 Reallsed Expected (SRA, 2011)"
= = [lI-V Multi-junction Solar Cells 46.0 % (ISE, Soitec, CEA)
/ % —-= CPV Modules (outdoor, CSOC/CSTC) |45 7 o (NREL)
50l Y ===  CPV Systerrls ————— Cell
E - - 38.9 % (Soitec, CSTQ)
.g __j,;l--.. —"I'\Ec-iule 36.3 % (Soitec, CSOCQ)
o - T et
g 40 N S &ystem |30 % (Semprius)
- I'JW IEC-62670-1/-3)%e” o
;g 4o ‘a‘
1 8 30 <7 %
s %
Y

20 L s . , . s
2000 2005 2010 2015 2020 2025 2030 2035
Year

X7 @ HOV) OB, BV a—, VAT LNROLEE (Dr. A Bettt k)

HCPV & ¥ =2 — VR b [RIARIZ, 9 0. 8%/FD=HTHML T\ D, UL, BIEKFROILFRNFE
OEIMH L TS, BfE, La—REYa2—ARKL36. 7% THH., 40% T Y 2—/LDOFEH
DR CE 5, - T, HCPV Hiffiix, HEBEOESZRLTEY, LWL WE LR LA TV,
F2, W8ITRTEIIC, CPVOT AT A=A M, Bk, 0.95 22— /lp, ¥ —2F 4 DRE I A
FbH, 1L32—8a/Wp~2.5 2—u/ip LK ST\ D, UL, CPVifithza Ao &, B DKM
LTS, KIITRT L 91T, 2009~2012 FICHIRIE, TR EIXERMIC B> T=28, BEIT



{53 LT 5, 2015 420D PV D BRI A B 234GW [2%F LC. CPV X 350MW &, =MD L~ TH 5,
W OPDOEET, EVRANLRERL, UL, X o & kEEBDOOH 5, BLUL, WEINT,
REETH D, FMI~30MV B KM EIZBE L T A & LIEMRET —# Mo tnd 2 b
WhEEINT, INHOT—X X, BEICHIZBWT, CPV IO & alfett 2R LT\ 5, fEET
X, CPV il KNG OBUIR A £ L T, E72. CPVEAMTOASHOEL, Sxh - (K= X k- &iE
FEY 22— VB%, BERZREHEICOVWTHEEKL, A—R—t—n & LT, HfFLTWnHLEL
iz,

Solar Cell Architectures for 4) Cells
Achievements

Inverted Wafer-bonded
metamorphic

45.7 % @ 234x GalnP 1.9 eV 46.0 % @ 345x

T — NREL Fraunhofer ISE, Soitec,
(e LCy [MTEendmglT} CEA -Leti
[Metamorphic | GalnAsP 1.0 &V

GalnAs 0.7 eV

- n

X8 L =— KHCPV B/ DfEEE L a— REh3R (Dr. A. Bettt f2fik)

Cost of a CPV System

System costs today: Cell; 27%

Tracker

~ 0.95 €W, and Rest of
System;
Turn-key installations 41%

(depending on the site,
size of installation etc.)

may be in the range of:
1.3 €W, up to 2.5 €W,

Rest of
Module;
32%

9 CPVIU AT LzaXRDOBLR (Dr.A. Bettt f2fit)

Concentrator Photovoltaic (CPV) - Market
Yearly Installed Capacity

3

HCPV: C,, > 300
LCPV: C,., <100

geo

2 3

8 &

o

Yearly Installed CPV Capacity [MW]
3

y88888888E82}

8 &8 &8 &8 &8 8§ & §
source: Fraunhofer ISE / NREL, Current Status of Concentrator Photovoltaic (CPV) Technology, Nov. 2014

10 CPVHIGHMOZE (Dr. A, Bettt fi2flk)



(2) John Simon® (NREL) (%, “Upright and inverted single junction GaAs solar cells
grown by hydride vapor phase epitaxy” & 8 L T, Extended OralifiH # 1T > 7=, I11I-ViE{LA
WKW dE X, & B (W/m?) | s E A (Wke) 72723 &4 ($30, 000~50, 000/m?)
T& v, HVPE (Hydride Vapor Phase Epitaxy) (2 X 21K =2 A MO T Ve —F BB 57z,
#4279 & 912, HVPEILX, MOCVD (Metal-Organic Chemical Vapor Deposition) {Z bt~ T
AR IEE, Gazm A MEMEL/HIHFTE, Ka X MeogMEEZFT 5, FEHE. p —GaAs
M E o n-GaAs:Se(50nm)/p-GaAs:Zn (25 um) OFETHEA KB EM T, $*R165%

(Voc=0.96V, Jsc=20.5mA/cm®, FF=84%) Z 45 L 7=, 4B, n-InGaP/n-GaAs:Se (100nm)
/p=GaAs:Zn (2.5um) ~7T 8B 7 = A AKGEBMPERFT I N, K FESInGaPlE, =3I v
Z—JBITRHE R GaAs N — 2T ORI T 1 po/min, &G Y2 ERBE ST,
BB Y. KRIGEM DO VoclKIHIZ 27208 5, & @53 IL ., DLTSHE T, Ni, Fe& BbiL 2,
REFOEHFT, WEN I PN TWDLIN, A+ ELEDFETHDL, KGEMBEIZ, =
v F T KD GaAs FE A 0 B R BE X AU, invertediE i K E M A IER I iz,
n—-InGaP/n-GaAs:Se (100nm) /p—-GaAs:Zn (2.5um) ~7T 12 7 = A ANEEM T, $hE23.8%

(Voc=1. 06V, Jsc=27.4mA/cm*, FF=82.6%) 7258, 6N TW5, Eg/q-Voc=0.36V T, L#
FRWRERFGLNTWD,

# 4 HVPE. MOCVD® 51k b #%

MOCVD HVPE
Growth rate ( x m/min) 0.1~0.15 1~2
Ga cost ($/g) >4 0.3
V/III ratio 60~80 3~4
Source utilization(%) ? 70
(3) Taizo Masuda & (Toyota Motor Co.) I%. “Next environment-friendly cars: Application

of solar power as automobile energy source’ LEL T, KgEmo#EHISHICEI I 5 Late News
Paper ¥F#1T-7-, X1 1133 X912, PMBRGFTERE T, Solar EV C., —H 32km OAEFTH A HE
T, 64%D CO, A HNEAEIFF T 5, RERAICIT, BREPAREL, FEEAED Solar EV NEHLT 5 &
Wirsasns,

|Resu|t and discussions ‘ © Benefit of solar module on vehicles

Calculation conditions

Solar modules Assumed charging efficiency
o = 600 kg : vehicle weight
N Cell temperature comection| 091

+ 17.0 kVkWh : power consumplion rate
+ 20 W charging control unit consumption |MPPT | 095

) = 800 W : rated power solar module DC/DC conversion 030
- 3.7 kWh/m2/day solar imadiance
# Average from the year 1361 1o 2012 in Nagoya LBC charging 099
Calculated results « 64% fuel consurnptlon can be saved
+ Averaged output power of 1.8 kWh/day 2 30 i = 315 out of sa%
= drive range of 32 km/day |Reduce 64% CO. emission
» 70% of PC drive less than 30 km/day o 2
0 im0 g
25 - = % IE
g0 & § E
215 50
240 - H g
5 2 § B
0 b g,
S 10 20 30 40 S0 60 70 &0 90100 ‘5"“'5‘“‘35‘:1‘-‘5:;‘?-::\;i::;?c-!m|:D~

Drive distance (knvday)
PC daily trip distance in Japan Distribution of energy consumption in every trip (Japan)

11 KEGEMOHEHIZLDAY v & (O H KR



(4) Zofth, TII-V/Si # T AT A MEPRRIITD FE v 7 A& 725> TWb, FhG-ISE
23, InGaP/GaAs//Si /NIRRT 4 U I K D%03 30 1%, BHLRKMD, 48 F A B =TIV AX
v 712 X % InGaP/GaAs//Si BV T, 2N 27. 4% % 45 L 7=,

5.5 #E&ESIKEGEMDE
(1) Pierre J. Verlinden® (Trina Solar) IX. “Mass production of high efficiency
p—type PERC solar cells: how high can we go?” LT, Y—F VEEHEIT-T-, H
K. p-type ik fH PERCHE & K5 dE #h © . £h322.13% (1 F§243. 68cm*, Voc=680. 3mV,
Jsc=40. 53mA/cm?® FF=80.21%) . ik 7 1 & 2 ©, 205 21. 40% (M f#&244. 11cm® Voc=672. 1mV,
Jsc=39. 65mA/cm?, FF=80.31%) ORI TH 5., p-typeZ fili s PERCHE 1&E K 5 FE T, 12
W X 91T, #ER21.25% ([ FE242. T4em?®, Voc=667. 8mV, Jsc=39. 78mA/cm?, FF=79.97%)
DIRP|WTH %,

Increasing efficiencies: Trina Solar

Multi-crystalline Silicon p-type i-PERC Cell

Selective emitter

Screen printed Multicrystalline i-PERC

p-type solar cell

N —

& = N w oa u @
ung Pomes | W

i 2 Fraunhofer
. - Local BSF and contact
Passivated rear surface
W 0 0 w0 0 &0 0
V. (mv) J,. (mA/ecm?) FF (%) n (%) Area(cm?)
667.8 (+/- 2.3) 39.78 (+/-0.76) 79.97 (+/-0.52)  21.25 242.74(+/-0.24)

The average cell efficiency for 156mm x 156mm multicrystalline silicon solar cell reaches
20.99% and maximum efficiency reaches 21.25% , independently certified by Fraunhofer

Callab.
‘rl';ﬂaSn‘le * Measured by Fraunhofer CalLab on November 3, 2015

Slide courtesy of Pierre Verlinden

1 2 p-type i-PERCZ#&dtSi KBS E uh ok & T-VE M
(Dr. Sarah KurtzzA& =& N1 714 1)

B FEALIZAM T R AR ST, v A RSN TR, B, N mEAT. R
o A, EOARNMMGEPRETH D, manE LRSI, KRR EN, WAL E
R IX, T LARED/NSWER, SOFTR W, /IR TIEX, RATEYIS /1 AR £ 2
WM BERBORELEZL TS, 2.2QcenZ il DAL, (ALD) /Ry o _R—3 g I kb,
DExX U T FHaor >1150 p s B AL T WD, p-type, n-type SiZ fEfh D
Shockley-Read-HallZfn (SRHt) DEAF ¥ U 7 REKFMEDCo, Cu, Ni, Cr, Fe, B-0
BERKMRWOER, ERENTWD, p-typeZfldh Tlt. Cr>Co>Fe>Ni>Cu, n-type
L fEETIE, Co>Cr>Ni>Fe>Cu®JlE T, SRHt 128 <. I E18% %153 5 121%. p-typeZfs
faC. Cr, Co<1x10%m™, Fe., W<5x10%m™?, Ni<1x10''em™, Cu<b5x102cm™, NNLILL D
#HTh5 (Sio et al., JAP 57, 033523 (2001).) ., 20Qcm FZ—SidCOStEAEIL. © > 1ms
15 A2, Fe<2x10%m™, Ni<1x10Y%m™, W<1x10%m™®, Ti<1x10'!'em™, DNMTLZ A,
KI5 EMALER D B LT — A3 % %, p-typeZ il i PERCHE & XI5 d th T 2321, 25%
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(Voc=667.8mV, Jsc=39.78mA/cm?, FF=79.97%) DOIIRTZ ), BN EBE 2 KT 5 &, MIT
LDy Iab—varTid, 213%21.44% (Voc=667. 2mV, Jsc=40.2mA/cm?, FF:79.9%)
D CEDLRENHTND, ?& Feﬂéﬂ“@ﬁﬂﬂz%B O & K bfa O NIEPEAL I NEYJES
21.83% . deeper Al-BSFD i #E T . ZhE22.33% . F7-. passivated contacts@i@ﬂﬂ
ik, 22 B%HLOD@J%%‘,EM#@% HEF LD,

(2) R. Hao® (Crystal Solar) I%. “Kerflessepitaxial mono crystalline PERx cells”
L LT, Extended 0ra1u§{§€7’i’ﬁoto T R R EEST KRG E M OB AR R 5T,
[Direct Gas to Wafer] NN ST, SiEK—KR—F ZASiEEK-TCSH A KE—
U NGEEoSiER O A 7 T SiERBAHZIZ N TWD, OBy FIZX 5K
—F7 ARSI (K= ZABE IO —kME~5%) . QEFAHANFEOTCSY 77 ¥ —% H,
TCS/H2k, H27 v — | AR EHE O KREMICE D | REEEN6. 5~7.5umsy T, KIE 204
~216umIlBEIE - TRV, EHEEHIF2.0QenTH D, @1100C TOH2T =— /LT, K
— 7 ARBIZAHAA BRI, mERERBESIERPTEHEEND, BRT =— /L HIC, %
FARBEEDORO, AN BEL, PEX YV T7THEMOBDZ T, KESMEORELIZ

O, BB ENICcn 2L IR > TWAHEEDHETH S, 10~50u mDDeep™ I v & (ﬂe«?)
T IREE107~3x10%cm™®) B (156mmf) DHREFSANTE, ¥y U T RE <1x10%em™, JEE
>10um T, Jo<20fA/cm®72 2%, 1x10%cem PPl ETlX, A=Y =HES 070, BEOHEMN
LT Jo. NI S5, IMECT., Ni/Cu/Ag7 L —7 4 ¥ Znp' = EPRET R L3RG S L7z,
FhG-ISEZR 7€ T. M fE238.45cm* /L T, 1% 22.5% (Voc=694.2mV . Jsc=40.3mA/cm?.
FF=79.3%) /o TW5S, EREFHTSH, »hRIX, 22.0, 21.4, 21.6, 22.3, 21.9,
22.0, 20.6, 21.8% &, FHWMRENELNTWD, SikERkKE LT, HIRDOCZY = 2 Ff
WHIL, S0EIOERFRAOEENH H, n-SiOENDVLEF vV 7HAIL, 3msecTh 5,
0Bl D SiFARE1050 p mA> & 5El, 108, 15[F], 18[A] T, HEEE X, & %, 980, 930, 885,
870 um& 72 > T\ %, Hanwha Q CellsT%, QUANTUMELE 7 A &2 v, A2 U — Hlillnp”
T EPERTE MER A BRI S, % 21.4% (Voc=670. TmV, Jsc=40. 1mA/cm®, FF=79.8%)
DEFELNTWS, CZEA T, #%21.0% (Voc=661. TmV, Jsc=40. ImA/cm®, FF=79.0%)
(2% LT, Vocld10mV, FFIX0.6%. #R1%0.4% ., tk#E SN TW 5, FFIE L, B A H P
W2k d, A%k, ERar X7 b, EHRAv I R—vary RNATTATHALNEOLE
W2k, 2hE22.5% 5, 22.9%. 23.15%. 23.5%. 23.8% ~D&hRm Lo — R~ v 7
bR Tz,

56 ROTRAAM FESLUVEARKBEMNRSE

(1) Michael Graetzel (EPFL) [, CaTiOizfREINDI X 7 A DA KOG
“ Mesoscopic  photovoltaics  and pa i OB D%, EEE (DMF) T o
perovskite solar cells” L T, 7 CH;NH,I+PbHI, (PbC13) DL 7 v & A | —
L—F VEkEZI T2, ir, X7 R B M& HE B 75 . dual-source thermal
A NKBEMN Py 7 2L % evaporation’g & DB HIEN BRI S 1
< ORFFEH BIFE RS AL TV 5D, 1839 o B, a7 AAA4 hKEERICH
FOrTTOEMFEIZLD BRI N VN B AT U 5 CHNH,PbI3 L, 1. 56eVo
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BEBMON Ry v T2 HT 5, /N 30 7
WK, DEE v U T IR (100 = | P
~1000nm) % FH . EOERULEREL (Gahs = -
(VIR S | ¢ ~6.5. BEIE (& ) )
F7.5cm?/Vs, 1EFL12.5~66cm?/Vs) 72 & S &
W 5 "

DOYPEIZ >TSS N7, b0 - 10k 2SO Gahs |

N . @ L—E —O—c-Si
AT RLX—IX, 5~16meVTH V| & = 7V ~g-acs
B R KB B O BRAR & 7R, 20094F D %) o ——Perovsite

x 0 PR PR T R

H3.8% M b I DRNF20. 1% D EE | i 1970 1980 1990 2000 2010.2020
T OMEIEER 5 ORI N IE RS iz, Year
13 ~Xua7xhA NKEEmD &
Pt O E LM O KBy E R O 2h A E
(29" EU-PVSEC& A T4 b :
Dr. A. Jaeger-Waldau# fit)

BI1 3I2, "a 7 A4 M RIGEMOEmNDEOEELRT, 2000FI2, BHIRKHD 7L
— 7N, BEHEKBEMWm Dsensitizerd LT, CHNH,PbI, ZE A L., 21%3.8% %570
NEHTHD (A. Kojima et al., J. Am. Chem, Soc. 131, 6050 (2009).) ., mesoporous
SEBALE LT, Tio,0Rb D IZ, AL EINTVDD, @ARITERLIN TV
VN, CHyNH PbI,/Ti0M1E Tik, 2 12.8% "G 6, 7L — T HE bR S 4L, Graetzel
DT N—TI1E, BhFE15.45% %2 H TV D, TD%, Seok®D 7 /b —T7 X, B 17. 9% N FEHL L |
UCLAD 7 /v — 7%, #h1#19.3% 2 /HTW\5H, [ARINTWDHEmFEIL, KRICTIC L 2 %)%
20. 1% (HE 0. 0955cm®, Voc=1. 059V, Jsc=24. 65mA/cm’ FF=77.0%) .NIMSIZ X 5 %1 %15. 6%,
(M F51.020cm2, Voc=1.074V, Jsc=19.29mA/cm2, FF=75.1%) To b, REL LT, b7
U ARER EORZEN, WELXZELS LS E0EIRIICE2dH n RAE T, HiE
RNZEMN., BV RLZENE, BRBEUEMESCEA MM, RERTFHRIND N, Hl2IECsxH
HI3nnZ ok, REMENSORFMEL T 22510008 Eictk# S v, BER W &~ T
%, CsPbl,, CsFAPbI,7x EAMFI& i, #h%21.17% T, RbEFIT L V% 21. 9% & T
HEDZ ETHD, Voc~1.18VEH TCWBHB 7 — A4 H VY ERE (External Radiative
Efficiency) 1%, 0.5% & A5SIMADET, BExOETH D, LD X HIT, IHHEIT,
BT, RFEHREDRBZBNTHWDLILEORFLH D L9,

(2) A&=#EETH, B Niesenb (EPFL) 1L, _"u 7 AU A FN/Si% T AKBGEMIZET
HRFELTNWD, RO T AHA FBA/ AT OFEASIELD 4 EET, 524, 4%,
14lZRT Lo, B2V vy 7 2 &0/ mig (0. 17cm?) T, #h%21.2%. MHHE
1.22em*E LT, %19. 2% DKW TH 5,
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PCE = 19.2% on 1.22 cm? of | ——wioARF —winare " |
PCE = 21.2% on 0.17 cm’

20
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E sl § 212
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[} o
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8 " Q@ 180 JAperture area: 0.17 cm” J

EL arl Baiaiteeiatay
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o e
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il P B T AR T
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Voltage (V)

Slide courtesy of Bjoern Niesen

14 ROTAHA N/ ~NTOEASIY T AEALOI-VEMH

5.7 FERAABEMSE LUV RATLRE

Greg Carr (JPL) I%. “End-to—end system level trade considerations for deep space
PV systems” LT, YL —F ViEHEZITo7-, RIFHHREREORNR LE LT, kA

(1.6AU : RICHAL (1AU=1.5X10%m) ) | /&2 (2.7~3.3AU0) . KEDJH (5~5.5A0) |
TEDOH (9.1~10AU) 72T, EKAHME L RS0 T, MEAMEBENRE LT, KEEML
M RINL T FE DO B4 & 725, Deep space mission®&ENIRICET 5 EZBLENHE I -,
1 1X. MDeep space solar array mission considerationiZ#5F ¥ . @Mission design
approach,®Science definition consideration,@Thermal design approach, ®Solar array
performance, ®Power control optimization, MOverall system performance evaluation .
®Future opportunities? b ii-72, IMHHFBEICINZ, MHABELLLRETH D, RE
EA DT O DNT —DHiF b HEE T, HMmOPFRFH BT I TWD,PVT LA MBI,
MEXZT O X TEPOGHPMIET 208, LR BREART 20060 R7 ) —= 7
NI, TvA, I va RN 5, Solar concentratorsb I x4 T, &%
DZENLRVRY  PVT LA ZE ALV EDETH D,

58 ¥ S04 )E—3a3

Thorsten Trupke (UNSW) %, 7 Progress with photoluminescence characterization in
photovoltaics” LT, L —F Vi EZIT o7, MV a s KEEM, A, T
2a— VOB EEE T, 74+ PV IXx vyt X (PL) BJRHEHIZHE LN D X9 I
o TS, KRBT, B, ZRMSIRGEmAZ I L T, HEMITIZPLEA A —
U TEERPBETHDH L L TWS, line scanning PL, spectral PLOSFN B X5
Nilc, "7 B\ aEk (K30%DHEK) OFNTICIE, PLA A=V TRARHT, A XX
T —7 VKM (Fe;, BO;. Cri;, 0)) OA A=V ZIZHH[EHT, SV xx U7 HALKE
BHARE OB L RF SN TWD, P-typeZ g SiO N7 D v UV 7 Ff o0&, 0.2
~60u s, n—type CZ-Si® ¢ X, 20msD b D dH 5, #h#H24~24.5%LL LDOT=DITiX, ©,>
10ms2d, MWETH D, £z, FE, 2 280MESL F—2 b (EM) OFEL RS
NTWnWs, RKEHB{ESHEEK (F20%0HEK) OMTICIE, RINEI X, & F2FE, KEK
f#PL. FS/BS{E (Fm+bB L OCEmAAM) 25, HERNIT, =27 o Ixy kR (EL)
/PLA A =2 70 ANKGEMEIL, RMEREE], A A -V 7R AnbhTnd, 4
[, FS/BSIEDRFRI Svtz, ¥ v U 7 Fm oS i Calfli 41, Cz-Siv LA fmSiD K.
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HEFEASHEENRO LTS, HHERKGA0% DB K) O FENTIZIX . spectrally resolved
light-beam induced current (SR-LBIC) {ENRHWSH L, HEEMEE Jsew vy B 7R
S, I-VEREIC R D E Lot b e STV 5, BEXHRPIRsEHEL (5% DHEK) O fENT
IZiE, PLA A=Y IR WH A, Rsw v BV EREER~ vy B 7R Tx, ih#KEFFF
HERICEBmE N TV D, I-VEEPDLREDFFEAB L OURBELE LRI TWVDS, vy
v MEER (5% DIEE) OfMTICIE. dark lock—in thermography (DLIT) 2N W5 4.
e ODBETODLITA A — L {ATI-VRED B 15 6 4 2 Bl AR B E Vock X OFF~ » B
JEDRBBRENTVD, 5H%IT, TV a— VOREEH, BIOPLL A -V T 2
VA7 MU AR MAEED W EREAT,

59 EVa—), HiE, EEUEST

(1) BEY 2= AERoBRRICO VT, MEIZEOCT LV -T VEENAELESTVDLO
T. #Ir+ 5, P.J. Verlinden (Trina Solar) I%. “Challenges and Opportunities of
High-Performance Solar Cells and PV Modules in Large Volume Production” & B L T,
T —F VHEEEIT oo, mMERPVa AN —3 > FORREIX, BN X MIBICKEATH
Ho PVaiR—x2 b M EiX. energy yvieldiZz ., MEHEE ., BARANKRE., flEa
AR, BOST A b, BB LOERBEIA L, kipE7mVDALTF U A3 R MIBEERA v
N7 MEFED, LLAarns, RERRICBTIEDFAOIFITIZ., RHMALEL, ©¥
DOR&D., HEMRHIC, EREHEBNAEOLY BEVKSE., B b— v b— A HEEHG
RUB T T A RERINEESDH LT o —FESLELT S, KEHRTIZ, £F.K1 5,
16ICRT LT, MESiBLOMKEKLEME Y 2 — L OEdRILDOERLSBOT
TR BRRE T2, 2020R 1B T A FEMSIBLOEBEKGEMLET Y =2 — LOERTHEEL R I
L. p—PERC, mono-Si, CIGS, CdTe T, & % ., B =2 — /L% 19.6%. 18.6%. 17.9% . 17. 0%
16.8% IR D1ZHH EDHETH D,

Survey of the industrial PV modules

Parameterization of the model [1] for Mono-, Multi-Si and Thin-Films

Module efficiency [%]

[1] A. Goetzberger et al., SOLMAT 74, p1,
2002.

[2] Data from websites of PV companies,
enfsolar and solarshop etc.

[3] Y. Chen et al., WCPECS, Kyoto, 2014

wdphy

[ ]
Trinasolor

dva

15 #EMmSiBLOEEKEEREY 2 —LoEehE{totERE Dr. P. Verlinden#2fit)
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Modeling of module efficiency

2ofF moesi' T T T YT TTTTT O Note that the fitting only
< Panasonic | . [19.6% .
0 Sunpower i P represents the main trend of
1 PPERC7 gy
18 o = : . “mono-si” tech n°|°gy'
_A17.6%

O Current efficiency and growth is
16.8% comparable for CIGS and CdTe.

O Thin film technologies improve
faster (~0.6% abs./year) than c-Si
(~0.4% abs./year).

Module efficiency [%4]

O Crystalline Si still keeping the lead.

ol 1 [P P
2006 2008 2010 2012 2014 2016 2018 2020

Year

[1] A. Goetzberger et al., SOLMAT 74, p1, 2002.
L] [2] Data from websites of PV companies, enfsolar and solarshop.com
1?'{!‘3459'9 [3] Y. Chen et al., WCPEC6, Kyoto, 2014 6

X1 6 FfMESIBIOHEKEKEEMEY 2 — VO EIRIEDOE KO THE
(Dr. P. Verlinden#gfi)
Cost of PV modules

100 —rrrm—rrre T m

e ¢c-5i module cost: 3 | Learning Rates:

oL A Suntech ] )

aF [ ] I’\uunn[mumumil < Trina -

L ® ITRPV,2014 B Yingli 4 O c-Si: 22.8%
_ il Canadian
= b3 v Jinko E
= n Kersten et al. O cdTe : 16.3%
& 10 - Learning curve: |
- 8F = Price, LR=22.8% o
g el m Cost, 20% margin ] O CcIGS: 8.1%
S £ e ]
c L .. 4 . B -
P I .- a Crystalline Si technologies
z .. : benefit from standardization
£ 3 “..1! (tools and processes) and

°F CIGS module price & cost: N : 5
I o UL SIS S larger experience (cumulative

L Cost, p\msn-\u com W Kerst LS~ - i

FuGneme % ka1 production)

2 Price, LR = .19 Learning curve: 3

Cost, 20% mnrbm === Cost, LR=16.3%
0.1 PEERRTTT AR TTITT B R TTT! B ETITTT MR 1T e

w0 010 w0’ 10

Cumulative production [MW]

[1] Kersten et al., 26'™ EUPVSEC, p4697, 2011,
[2] Photon International, 2011-2014
[3] ITRPV 2014, http://www.itrpv.net/
Tr!!‘asqlgr (4] Cost data from financial reports of various companies 7
[5] Verlinden et al. 29% EUPVSEC, 2013

217 fEMSi, HEREKBEMEY 2 — L 0Ka X Meo#ER (Dr. P. Verlinden#g i)

Cost of PV modules (Projection to 2020)

*e-Si O Recent manufacturing cost is

LR =22.8% s
~ comparable for silicon wafer-
based and thin films technologies.

[ Learning rate (LR) for c-Si, CdTe

}b .\bo 34 $/W (2020 and CIGS is 22.8%, 16.3% and

0.42 SIW 8.1% respectively.

Module cost [$/Wp]

lﬁ;{'Tt § z 1 O Assuming 20% annual production
BEASRN growth yields prediction of cost in
01 o 2020: 0.64 (CIGS), 0.42 (CdTe) and

0.34 (c-Si) $/W

PRI B SR TTTT B R S TTTT M W R T TTT M

ottt w0' [ Fighting with cost (material, labor,

Cumulative production [MW] Capex, EtC.} while improving
efficiency is key.

X1 8 FfEdhSi, HWEKEEME Y 2 — DK a X MeDAS %O T4 (Dr. Verlindenfgfik)
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Fo.o K17, M18ITART LT, MdbSiBIOHEBEKRGEME Y 2 — /L OfK=a A
bR A5 %O T, REXbhT,

202012 BT DM mSIB L OB KIGEME Y 2 — L0 a X M PHEL RS, FEMHSI,
CIGS, CdTeT. 20144F DK x4, ¥ 2 —/L 23 20.568/W. 0.76$/W, 0.588/WH>5 . 20204F (T
L, K&, BV 2—/Lb3 20.348/W, 0.648/W, 0.428/ Wil D725 9 L DHETH D,

WNT, B h T v B THEEZETRH LWPVE Y =2 — L OB ASH L & 13 2 b A
TAEY a—/VICMZ, BNEMBSIKEERMOBRBER RO 72, pBli-PERCHFE M., £
FEARSIKBEMDOF v A R RIT, FHx L 21.40% (HIfE244. 11em®, Voc=672. ImV.
Jsc=39. 65mA/cm?, FF=80.31%) . 20.76% (& f&243. 89cm?, Voc=662. 6mV, Jsc=39. 03mA/cm?,
FF=80.26%) I L7, N"—T7 kBN LY NT v o 7% 40608 O 85, i-PERC6A >
FEANPOLRDEMSIPVEY 2 — b id, HN335.2WICE#E L, 61 > F Interdigitated
Back Contact (IBC) LD F v » B A 23 1X22.9% (1 FE239. 31cm®, Voc=683mV,
Jsc=41.58mA/cm®, FF=80.6%) 12 L. 60K D IBCE ¥ = — /L d, H /1320, 4WD IR T 5,
WEHd 7 AET2a—%, ~A4 727 T v 7 EKCPotential Induced Degradation (PID)
~ODOMMEZFEIEL TW5D, PIDEER Tix. 85C-85%R. H. B2 55 T, 1000V/N A 7 2 T, FHilL.
W Cuffi > & T, 600Kl COMMENLBEBINTWD, WMEHT T AE Y 2 — /ORI, £
YTF U ADOYEIIMZ, AFARES LCpartial shadingF D E Y 2 — /L~ DB LK T
X, PVVATLOZRXAX—NEKE2MN LI EOETHD, K1 9WCrT I, 4
BORBKGEMO SNECHEFOREN RSN, ¥ T AEET, $1E27T%, TV
— /L 1385WEH W E LT D,

.Tandem

Junction
. 27%
D e . v sw
22.5% (25.5% Lab)
2200 SIN High ﬁg 5E
®
HI
4 i Sili:on
310W Ls
EEwE-
Trinasolar n-asi Metal

19 AROMMKEEMDmDFCEMORE (Dr. Verlindend fit)

(2) SunPower’» 5, 1. 13m*OtHREEZIE (7 X—F v 2h%) 24.1% (mFE11310cm?,
Voc=52.77TmV, Jsc=6.306A, FF=81.9%) BT H2HELH -7,

(3) Christian Hagendorf® (FhG-CSP) IX. “Potential induced degradation (PID) of
p—type silicon: How atomistic defects can cause module degradation “L L T. 7
L—F U EZ1T o7, 20144 1ECD Test Sequence (PIDFBRAIHZ DOI-V, ¥ v > MEHL,
dark I- V. EL) MR RS 472, PIDAILE D~ A 7 a fEERBE STV 5, EBICRTOF-SIMS
2LV, SINESIREIZ, NaEFEARD LN TS, F7o, TEMBEORE R, NaB 1L,
AR ELER L TWAHEZ X bND, PIDHLET L E LT, BENF T, SINEENaA 4
YIERUTZ ML, Y PREBRERL TS EEZEX TS, 250C3KEMD T > — /LT,
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HENEDOONE, T2, HITABNaD Y — A TiE72<, NaD Y — AL LT, SiOFEHIE
PeZhEZEZTNWDH, Y'Y FRMBE LT, b0 2B ELE KM (FEE XK <20nm) %
EZTWSH, KYiczxzs7%b, HITKEEWMEY =2 — L, PIDHIL LRV TR WEA
5 75)0

510 PVORFT L, "NTJ—I LY +rOZV R, ZER. ©H. BFEME. FUAHEFH
(1) Thomas Reindall (SERIS) IX. “LCOE reduction of PVelectricity - does technology
still matter?” LT, YU —F UGHZ 1T o7, SERISOFEI D%, LCEOKHIZE L
T, W Lo, HARAMICR S & 20154 B4 T556W, BAFE T238GWDOPVY A7 AN E I
NTWa, Yo AR—OHFEZ, 1630kWh/n* T, FEEMHPVIE, 134USD/MVhE O FETH
%, LCEOMKIH DO FE 2~ O EHRNHH S iz, LCEOEIBOH LW Em & LT, v v F—#EIK
WEIH -T2 — A —_ FF#E %I o 7-Half-cut cells, bi-facial cells, 72 & 23aR
NHNT, LCEOD S B 5 {KMICIE, AT ALRXALDA X7 I, BB LOE
Va— LN DA NI EBRRENVEWIRENB NS N2, Quantative risk

assessment, Categorization of risks. The True Power Projectb BN L7,

(2) G. Bell (DN VGL) I%. “Rooftop PV and firefighters” &L T, XL —F VU #
A2 T > 72, 1305 OPV 27 A (FKI306W) DA I L7z, PVT L A O KFENRKI100:H D |
TS PV LAICERT 2 AFIX N8 TE -7t DFETHD, Flabi<7md, rapid
shut down®sRNEC2014 (NEC610.12) Zh1% T, 20174 Drapid shut downZsR (10, 30F
PINIZ, 8O0VIiZk & 7)) b d2, 72, HFHEE Ry, RUGEEMEL A N2 E® T, PVl
G ~ORBLIRONT, KEOFEFHEIN Iz, NEC2017H, EHWICAXY — T 5D
%, 2019 & LTV 5,

(3) JanKleisel (UC San Diego) I¥. “Solar energy forecasting advances and impacts
on grid integration” LEL T, YL —F Uik 2 1To7-, KR THl. HHEETHICL D
KIEHFEEL AT L OFAER N PR OW EANLETH 5, Sky imagingld, @4 & T
PVOREB N HAOTHZAIGEE LTS, MATHOEFGHY, HKEMEALETH
Do [ETH., BHRETHIZL D2 KGHBES AT LAORAEE ) THNZE T D030 % O
R HFIEhiz, PRIFEE LT AR FIET2% (ANN24% , SVR18% ., Regressivel4% .
k NN6% . RF5%) . @B FEL1L%., ~A 7V v RiE1T% (hybrid-statiscalll%.
hybrid-physical6%) & 72> TW5b, 20105, bFEMB O, dynamic aerosols and cloud
interactionZZH LT D D OH Y | FRILTF ¥ X AFIH, R THIAATRELE 20 |
solar forecastBN I AW B2 2oH 5, 5% IE, 20164E10H T 6 EF T & O GOES-R¥ 2
OFABMFETE D, BHEICHE ST, Ofull disk image 3050 —547, @A A —Y
K516, @ AR 1kn—0. 5~1km, @ITHR/IL 72 L—1~2kn, @ 7RS4~ 8kn—2km, ©
bit depth 10bits—12 bits (FIHLIE) | 14bits (RIME) LkERBIF SN D,

511 Bk, HHE. ERAEH :
(1) Stefan Nowak (NET) {X. “IEA PVPS - Global co-operation towards sustainable
deployment of photovoltaic power systems” (LT, YL —F UHEELIToTZ, 24%
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[, 294 Y S—FEBNZIML TV D, BfE, TRRO6F A 712, 1604 L EORMZN 2
LTWs,

# 5 1EA/PVPSO X A7
Task 1 — Strategic PV Analysis &Outreach
Task 9 — Deploying PV Services for Regional Development
Task 12 — PV Environmental Health & Safety Activities
Task 13 — Performance and Reliability of PV Systems

Task 14

High Penetration PV in Electricity Grids

Task 15 - Enabling Framework for the Acceleration of BIPV

BB A OIFER A WAE S -, 3£ L <&, IEA-PVPS Annual ReportZ &M I 7=\,

(2) Special Session& L T. ” International Collaboration Towards TW-Scale PV”
DOFERIE v a EE S, K1004 DS ME N H - 7=,

® Cumulative Installation ® Solar Power Europe
AIEA < ~-IRENA
TW Workshop O 1TrRPV
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World’s PV Installation Outlook
20 firxouv— Ry FPICLHOMRADPVV AT LOREEAEZEOHS
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Japan’s PV Installation Outlook
(RTS, PV Market 2015, 2015.7)

21 HARCIBITAPVY AT AOBRBEAEDORTSIZ L S TH
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Important issues towards future PV
1. Creation of international vision and roadmap towards
creation of future clean energy infra-structures.
2. Recommendation of energy policy to United Nations,
regional and national governments.

3. International  collaboration to  develop  high
performance, low cost and highly reliable PV
materials, cells, modules and systems in cooperation
with battery technologies towards creation of future
clean energy infra-structures.

4. International collaboration to develop new application
fields such as automobile and agriculture applications

towards creation of future clean energy infra-

structures. :

X2 2 JFROPVOREDZDIZEERFIH

B, & —HF A% —Tbh 5HM. Yamaguchi (& H T.K) 7 5 Introductory talk2d 7¢ S v 72,
K202, ixDuo— R~y FICLHHEROPVY AT LD BB EAROHER 2 ~7, Eicke
Weber (FhG-ISE) O FERlGgEHICH D L H1C, AHFE3ALTH, 18H, KA Y - 753 A4 T LT T
BAf & 417 The TW WorkshopTlL, &% —7~ > h & LT, 20304, 20404, % %, 3TW,
20TWE | FERICHE I 72 — 7y BRI TS, M2 112, BHRIZBIT APV AT
LABBEABEORTSICE D FHIZART, L2L, B2 1ICART LI, RAYRLHATIE,
HAEE OPVY AT ADE AT, WABERICHDL, ¥—F v heDOREXZME, NV TH
U HND, K222, FROPVOREOZODOBEBEREICEITIMAAETAENT, O
HEMZREYa o — Ry y 7ORE, OQEFEHESG, FEBN~0RE. O kotts
OB T EBERFEFRICL DNy 7Y L oE#EE SO PVEIN (B, B,
BV 2=, VAT LE) O b5, @FF kO AR ORI W T 7o E R 3EE A
I L2 BEEHCRENSE, HikHH., BHEHOFEHF L LT, KBE=ZX V¥ —I12L5
TV TSR T, V=T AT = a URHFHORVMAALDRRE BN SN
776

Eicke Weber (FhG-ISE) 1%, “PV on the way to the Terawatt level:GA-SERI Workshop sets TW
goals - starting the second cycle of PV” L L T, FhliEH 21T - 7=, 2 31X, PVEY 2
— VO DOPVE Y = — VO REHATE L OBFEZRT, $05/WITR X TEBY ., B
BARITWOEB TEV, $025/WICRd L, 8TWE WS Z L d, K2 40%, fid>
Ua KIGEMBMOR— 7+ VA %2R, M2 4O8ESIKEGEMEIICMZ T, &
FEIN-VIL A KB MBI Z OO KGEmEEN, N>y 7V 2G0T bER L
TV, K25, TWY—27 23y 7 TEmMINTZTWA S —ALPVO PR ZRT, itk
MR AL & RN R DR Z B E 2 T, F15% DK E T, 2030FE3TWARAIET, I =~
LA =4y NELTWD, H25%DAE T, 20304E5~10TWA AIEE L LT\ 5, 9TWIE, it
ROBIHEEDA0%ICHY L. PVRAKRNREZHZSZ LTS, k%I, £6ITR-T LT,
TWZ— Vi leE & D EITo 70,
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Price Experience Curve of Solar Energy (c-Si
Photovoltaics)

31000

$100

Global Average Power -Module Price (2010 §Wp)
u
s

o o 100 1,000 10,000 100,000 1,000,000 10.000 000
Cumulative PY Module Shipments (MWgp)

Source: Terawatt-Scale Photovoltaics: Trajectories and Challenges (2016), to be publ

23 PVEY 22— LDl DOPVEY = — /L OB & & OR%
(Prof. E. Weber#z1it)

Crystalline Silicon Technology Portfolio
¢-Si PV is not a Commodity, but a High-Tech Product!

material quality material module

aualty =fficiency
m diffusion length ; B&’ e O:‘Em\
HJT 21%

B base conductivity

device quality JT 20%

® passivation of surfaces

B low series resistance 19%

B light confinement 16%

cell structures b

B PERC: Passivated Emitter 17%
and Rear Cell

® MWT: Metal Wrap Through 1% 5% =»

® [BC-BJ: Interdigitated Back ’ ) device quality
Contact — Back Junction Adapted from Preu et al , EU-PVSEC 2009

B HJT: Hetero Junction Technology
24 #vYar KEEMBEROR— 17+ U4 (Prof. E. Weber#zfit)

Projections to TW-scale PV

T T T T, T T
- 25%| |20% ]
10 |".-“.-‘r':|\<%|1n').: target r.-u‘gf-l
E 8 |WEO 40% of electricityl —
2
8
=3 6 a
o
¢
s 4 i
w
[
z WEO 2015 -
2 1| Three scenarios @ m
Ot 1 1 1 I +
2015 2020 2025 2030 2035 2040

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

25 TWAZ—/LPVD T4 (Prof. E. Weberfz fit)
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#6 TWIZ—Lizmitzx & (Prof. E. Weberffit)

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

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

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

B The cost of PV systems will decrease further, making PV the lowest-cost form of
electricity production in many regions of the world - 2-4 ct/kWh!

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

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

B In 2016, we can announce PV entering the Terawatt region, the
start of the second cycle of photovoltaic growth, requiring
substantial new PV production capacities in the next five years!

Greg Wilson (NREL) & Roland Schindler (FhG-ISE))RE T L — % L 72> T, NRAFFHRNAR
SNz, XY A K Th HHiroyuki Yamada (NEDO), Rebecca Jones-Albertus (DOE), Shigeru
Niki (AIST). Armin Froitzheim (Solarworld). Pierre Verlinden (Trina Solar)’» & 543 [H 2 & 0 A
E—FR Ik, SR NELORBREHM ARSI, 7 —~7» “International
Collaboration” 72 T, B AR EEILEMIZED qJfEME 72 Sl DWW T, EFR 2 N RIVEE
MR ENTM, 5~10TWX — 7 v FREIOBRBE, Ny 7 U EFESIAN, KFttx, £V 7
AR EITHONTH, BAZHEN ST,

6. B

M U6HIZ, Ak &32nd EU-PVSECHBE SN D720, ZMBFBRW BB S I 72, AilE
IV HZVWET, KEFBOHEOESSHNERM LNV, S EO2H T, HK@%#
DOEMFIL, 27l 4 f‘ﬁﬂﬁi‘t&éﬂéo L% OKGNHFEEORBEBSSHIGILRO 2D
K26lZR-T L2, ELEFEL, BOoOXEIVNELS XD, 2613, T—# i?:“b\i)\
FHEEICBT 2 KBAEREOHFEEBLSLOCRBEEANRE L SFEOPVESRO TH (5 E
Aete) COMBERT, PVORBILKEPVICE T 2EFE FPEIZ, MEBEKRICHY . di
WERT=DIWIE, EOXENEFEEELETHY, MMERBOILRHERLETH S,
KGEMC KGR EORmMERL, K= X Me, BEFAfbomnicd oy, HEiiHEOEH
L L EEFHEHENMLETH D,

BERIE >~ >3 7 International Collaboration Towards TW-Scale PV’ X, B Wi A& &
HZ, MEZFHETLLTHLWED I A FETAWVWTE, 2030 D5~10TWD EBLD 729 |2
X, EEEDBECT, TV T 4252 ZBET L L. Si¥ U T ARLABHEISH, 2R,
EREEFRMFIEDOT —~IZR D ZH Th D,

GTM RESEARCH ¢> “PV TECHNOLOGY AND COST OUTLOOK, 2013-2017” |2 L#uE. 20174 F Tlo, &
Va—/ba X ME, $0.36/WZ D &R TEY it £60%, fOEFEM22%, AT —ILT v 7
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17%. RUSi 1%&. S LRI RENEL TR, FifiBIREA. KEEEY 2 — Lk
FOv 2T LADEKa A MEIZHLANTHY . A=A T ¥ XU THEL T, AT, HIT
DEEZFTE T HHLERNH A D,

Correlation between PV budget and PV system installation

[ Installation volume ] 10000 -
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Cumulative and Annual PV system installation capacity in 2006 is linearly
dependent on national government PV budget (sum up from 2000 to 2004)

M. Yamaguchi. T. Schlael J. Luther and A_ Blskers. ISPRE Resert (ICSUY  *

26 TEEICBTIAKBERBEORMEEL LOREHEARLAEOPVELD TE
(BFZepR s 2 & Te) & OFAB (ICSU-ISPRE Report)

W a0 44™ |EEE PVSCIZ, 2017426 25 H ~30H , K[E DU > > b DOCTHHETE ThH 5,
32" BU-PVSECIZ, 201646 H20H ~24H, KA Y ®D I 2>~ T, PVSEC-26/%, 20164£10
H24H~28H, YU HAR—1LT, BETETH D,

(Lh k)
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