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4. Cherry Award2 E& L X ERSHEE
Cherry Award ChairT& % R. Sinton (Sinton Instruments) X » . William R. Cherry Award
DFfE (1) | ThETOZEE (R2) OBHRRENT,

# 1. William R. Cherry Award ™ #% ##

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. ZiE ToOWilliam Cherry Award ® 52 B 3

Dr. Paul Rappaport 1980 Prof. Yoshihiro Hamakawa 1994 Dr. Stuart Wenham 2009

Dr. Joseph L. Loferski 1981 Dr. Allen M. Barnett 1996 Dr. Richard King 2010

Prof. Martin Wolf 1982 Dr. Adolf Goetzberger 1997 Dr. Jerry Olson 2011

Dr. Henry W. Brandhorst 1984 Dr. Richard J. Schwartz 1998 Dr. Sarah Kurtz 2012

Mr. Eugene L. Ralph 1985 Dr. Christopher R. Wronski 2000 Dr. Keith Emery 2013

Dr. Charles E. Backus 1987 Dr. Richard M. Swanson 2002 Dr. Ron Sinton 2014

Dr. David E. Carlson 1988 Dr. Ajeet Rohatgi 2003 Dr. Christiana Honsberg 2015
Dr. Martin A. Green 1990 Dr. Timothy J. Coutts 2005 Dr. Pierre Verlinden 2016
Mr. Peter A. lles 1991 Dr. Antonio Luque 2006

Dr. Lawrence L. Kazmerski 1993 Dr. Masafumi Yamaguchi 2008

A a0 5 B #F 1%, Prof. Eli Yablonovitch (UC Berkley)T. LED |F-iifk L — ¥ 4538
DT ATTRMAERLEL T, KEEEMIE T, KT v T 7SR Gahs DK /N



VR—=va TEREDHIT WD, FFIT, N T v B ZHFIX, Yablonovitch Limts &
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#H T, 41239 X 91T, Alta Devices fLiC X B 7 L %2 7 /1 GaAs HIE KB IZ X
LHEORNENTELA M —Yarahiic, £z, Kb T v 772 S b IZED IR,
SIZART L DT, GaAs HEEG KIGEM TH ., WE 0N BEIANARETHDL Z LN RIS NT,
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4 . Alta Devices tEHL 7 L 2 7 /L GaAs # 5 KI5 E M O BN K L 5 FH 4% 5 (Prof. Eli
Yablonovitch $21{it)
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T —F IV BIOHFF#EHRETLIZ, KEEO N v 7 AE2HBNT 5,
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Charile Gay (DOE) i%. “A roadmap in communicating the PV industry vision” & & L T,
EMmEzTo7c, £9. EX, Eih, WEE, =7 3 #HEEFSEEx 0”& o i
ERBIOEENR S, LT, PVORRIZIE, BERIA NS THAH, KiGE
MOBERHEEL RN, RWT, KGEMOBELENBHENT, KEERO T A7
71X, 19404F2H 23H DXL DRussel Ol TH A 9 & 5 9, BLED K& O R o 5% B
X, 1954454 26 H @~ LA ® D. Chapin, C. Fuller, G. PearsoniZ X % 7%, 195843 17H T
HLEFONRUHT—FR1ZUROEERNGHEY , MESCERFMIT, BB, FEHAC
RITDORMEEEICEY | BABPRENITHE TN D, ERTLER->THED TRERI
V=T UHEMEE T ORI KRBERORR (Y —7 D TIEEEX A VA b —r ] BEZ
Gte) X, RERIIRL2LEDETHD (RiX, B4 —7rv%, Uv b UMD RS
KCHIZEDLEES> L LEEOTIEHL0) o KEGEMEY 2 — /L0 REHAEE & it O FH
Hifg (21%) 2%, VLSI (28%) 7 v A 7 —F %> (28%) LHEINTWD,

SunShot 2030 L A & 472, K6 1283 X 912, SunShot 20200 LCOE (levelized cost of
electricity) ® HiElX, 6 £ F /kWhT, KEDOFEHKRRLEMTIX, 20164121, 71~
b/ kWh2FEBR S, BEZERNRZ TW5H, SunShot 20300 LCOED HiEIX, 3 & k
S kWheE 725> TWnWob,

SunShot 2020 Goal in Reach — What's Next?

w
o
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27¢ At 3¢/kWh solar would be
25 4 among the lowest cost
options for new

207 generation— and below the

LCOE in cents/kWh (2016 S)*

15 4 variable costs of existing
fuel plants.
10 4 7¢
6¢
R
L
0 .
SunShot 2016 SunShot SunShot
Launch 2020 2030
2010

* LCOE progress and targets for utility-scale PV are for average U.S. climate
and without the ITC or state/local incentives. The 2016 number is for a

system with one-axis tracking. Shot .
energy.gov/sunshot .S, Department of Energy

6 . SunShot 20300 = — /L (energy.gov/sunshot)

X 712777 X912, LCOE 3> M/ kWhOEHOERE L RINLTWS, Y 2 — /L
¥ % $0.65/ WHH&0.30,/ WK+ 252 & Tl1.2~ FHIHE, BOS=T 2 ~% $0.85/ W



5 $ 055/ WIZIEHE$2Z & Tley ML, Hamx 3 047565 0FICHFETHZ L TLL
T hHIE, O&ME $1470056 $4/ kW - yric i+ 25 2 & TO.78 > MHIIROER & 72> T
W5,

A Pathway To 3 Cents per kWh
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2016 Lower Lower Balance Improve Lifetime: Lower O&M: SunShot
Sustainable of System 30 to 50 years $14 to 2030
Benchmark Module Price Hardware and and Lower S4/RW-yr Goal
$0.65 to $0.30/W Soft Costs Degradation Rate:
$0.85 to $0.55/W 0.75% to 0.2% [year
100 MW 5 One-Axis Tracking Systems With 1,860 kWhj,c/kWp, First-Year Performance. //// Sy I’LSDFOE .

Includes 5 Year MACRS. Cost of capital is 7% and inflation is 2.5%.

X 7. LCOE 3> F/ " kWhDOEBD=HDIEF (energy.gov/sunshot)

There are Many Technology Pathways

* Cost and performance tradeoffs open up numerous possible pathways.
« All pathways require sustained, multifaceted innovation.

$0.60 T T
All curves represent
s0s0 L 3¢/kWh LCOE in
average U.S. climate
) 2030 Example
T
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“© /
] /
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S 5020 /1 /
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$0.10 —— degradation
7 — ’
/ / / _— 20yr life
$0.00 / !
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Total-Area Module Efficiency

Unless otherwise noted, all scenarios assume: 7% WACC, 2.5% inflation, $0.85/W % SunShot .
7

system cost, $4/kW-yr O&M, 0.2%/yr degradation, 50 yr life, 21% capacity factor #/111 U Department of Energy
2 8. EEHMIZELDHLCOE 3 & b KWhEMEFDE Y 2 — il E Y 2 — A BFED b
L — K4 7 (energy.gov/sunshot)
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75, BV a—ARRIBLY%DX T LAKEEMOERNHEENTNDS,

91X, SunShot 2020 LCOE 6t > k_ kWh. SunShot 2030 LCOE 3 &> bk, kWh
¥ L QMK = & b Storage & 0)/\479 v NIZ K APVOKEE HICED D HEOHINEm %
R, 20404, 20504F 1T 1. 4. PVIL, KEEHTDOKL0%., 50% % L5 2 & RIS
b,

Half the Cost, More than Double the Solar
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Percent of U.S. Electricity from Solar
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Shot .
energy.gov/sunshot U.S. Department of Eneray

9. SunShot 2020 LCOE 6 & > bk, kWh, SunShot 2030 LCOE 3 &> k_kWh
B LUK = R Storage & DA 7 U w NI K HPVOKIETE I H D 5 = o H N A
(energy.gov/sunshot)

AH%IE. PVOWTZERR FITLZH T, Y., BEIESHE B z & &Rt L Ele T R ¥
— <R —Y A k., zero energy or energy-efficient building, PV + battery storage=<> A & Bfl 7
A | 20504 F TIZiX, A~ — K TxhEM CTcost effective/a 1 —HR o 7 —D xR LF
— VAT AEERITLLNEFE D,

51 E#t- . FWESsEH

(1) Jean-Francois Guillemoles® (CNRS) (%. “Hot carrier solar cells: Myths and realities’
LBELT, U —F VEEEIT o7, & 312, SQ (Schokley-Quisser) limitd XB5EM, %
BAERKGEMB LORy b¥ ¥ U7 KEEMODFERAO B2 ~T, H A KGERO
WL OME, SQ LMItO B RIZESE>oH 5, SQ limitw FI ik 5 EEEM 2 Bikix, £
aREGEMTHL, REMEDO—2I12, M1 0IWERTARy hExx U7 KGEMIH D,
v FE X U7 KBEMIT, 19824E12, RossE Nozikic K » THRE S, Fill & &2 MiEd 5 7=
DL L OERMMIEN SN TE, ZEHETFHF (MQW) | &+ F> F (QD) . #
AR, S04V, PI7RXEY, "7 AhA MNE ThD,
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# 3. SQ Limit, Z#AKGEEMB LK v by U7 KBEM O RBR O g
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10. Ay bXxx U7 KEEMD N R (J.-F. Guillemoles, SPIE Newsroom
10.1117/2.1201103.003579 , (2011).)
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11, ARy My ) 7TBHIERED 729 Absorbed powers (KW/m")
DOMQWHEE (J. Rodiele et al., Appl. Phys. 1 2. % U 7RO i 58 K70
Lett. 105, 183901 (2015).) (J. Rodiele et al., Appl. Phys. Lett. 105,

183901 (2015).)

By bEx v U7 KEBEBHMOREE LT, K10 RTHMINBEHNTOR Yy hFv U7 (K
v hX ¥ UTIHRETY OERK, Ay bXx VT7THHEOZOOERRa 27 FBRHD ., &K
v hE¥ Yy U TEERIEOTZODOEBRLFEN SN, M1 1LIZRT I, INPTH Y FA v
F L 72 InosGao 2AS0.44P0 56/1N0.78G a0 22AS0.81P0.197> MQW A i 73 /E B & 41 T U 5 7 5980 1 m oD B fi%
JhiL > AT A L InGaAsSO R Y AT AT, 74 b I X vy ZAPEN2 S, PlanckH]
ZHWTHEITESATWS, R0 —#Fl%2KX1 212757, 40,000-sun®@EHIEL T, F+ U 7T
REEG30KD A > FX ¥ U T BRRIAES LTV D, InPED L7 & A ER 722 4 i O p-int 1 O %/
AYE A F— ROMQWKEE M (2 &250nm) 2A{ERI S 4, 20,000-sunT. #hEK11%



NELNLTWVWDLEDHERTHD, EIT, ¥+ U TIEED IS 25NN LE T, 50,000-sun
PLEosgph, & =100nmLL T ok, BEFHEUKRE, 2R 0FETh D,

(2) A RABE D BHRILERORE L S &80T 5 RRBIKDD b - =58,
L OEMERAR 3D T, ROWRITHED,

5.2 CIGS, CdTe, I —VIit&EHEELILHF

(1) Markus Gloecker (First Solar) X, “The adolescence of CdTePV” L T, YL —
FUEHEZ T o7z, 2015 2%, W1 3 RTEHC, BAhE 22.1% (Voc=887mV,
Jsc=31.TmA/cm2, FF=78.5%) . ifHf 0.7Tm2E L 2 — /LT, T/N—F ¥ 2% 18.6% % EH. L
TWb, "ELLDOFEY 2 — /L8R, 2005 EDRNER 9% x5, 2010 4F 11.3% . 2012 4
12.7% . 2014 4 14% & L\ 1T 0vh, 2016 4EHE 5 T 16.4% ., HIE 1T% E DETH 5, fliE
22 b, 2011 4E Q1L @ $ 1,59/W 7> 5. 2016 4E Q1 @ $ 0.58/W, 2017 4 Q1 @ 0.37/W & K
e Tnsd, 100FRET, ITGW L EOE Y 2 — v RHA SN TW5D,

Increasing efficiencies: First Solar
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Slide courtesy of Markus Gloeckler

1 3. First Solar ® CdTe K5 E i @ & zh R b 25 % (Dr.Sarah Kurtz:gijlal =& N1 74 ~)

EE OB T, CdTe KEFEMEB X @ RILOHERZ R 7=, CdTe KFEM O & 2hFEL
. CIGS K& & mARIC, MERHIEIC L D3 Ry v 7HA N 2 S, HE 800nm LA
FORBOHEE TCOREFHEOLENIINOLNTND, BEEEIREE Jsc T, ¥ 2mA/cm?
ODEENIEINPON TS, HBROFEEEKTL, BETFROKENINLONLTVNDI N, &
BOWHEIZLDZELED T, Jsc T, £ ImAlcm2 O EN IO TWS, £7/-, Cl Xy X
—a R Eg AT, CdTe BORM AN vy o _R—2 a VIZHOERHO ., S+ U 7 Hmon
10ns 72> 5% 100ns (1Z1f) L, Voc DENIINOLN T WD, duml ORI RBEE., N
SNTWD, 2011 FD 3 17.2% 7 5 2013 4D 18.3% ~D kL FEH X, ZnTe:Cu Ny 7 a4
7 FEORENRKE L, 2014 FE D 20.3% ~D U E L, CdTe SeW I g Dk, Fir %Rk
X, CdSeTe MR GWINE DEHONENRKE VW, T HOWFEOR G, CdTe K5
BT, 2R 22.1% O RN ER STV D, E72, CdSexTer A Ak e W I &

(N XY v 7RO 712X EbRhd A, 1.5—-1.41—-15eV) 2k &, (1.5—1.3



—1.0—17eV) BRI SN TWD, S%IF, RFEOHEIT & ORI 2 ke L, B
Ko @maFE{bo AT REMEER, N7 RGO LKW, Ny _X— a3 F—BE U 7%
ORFHZ XY, ©>1us, S<10cm/s, Voc>1.1V #FEE T 52 L1k V., 2h=ER>25% 7]
BECThdEELOT,

(2) Takuya Kato & (Solar Frontier) (X, “Enhanced efficiency of Cd-free CIGS minimodue
via (Z,Mg)O0 second buffer layer and Alkali metal post treatment” & # L T, Oral i %17 > 7=,
ZNET, Cd 7YV ="y 7 7E, ZKm S-rich, %‘%ﬁ Ga-rich ® — & Eg fH#A&HE . ZnO:B &)@
DRRFHS LV | & Isc b &2 120 | 2014 FF(213, %)= 20.9% (Voc=686mV, Jsc=39. 9mA/cm’,
FF=76.5%) # 3B L T\ 5, HIJIEI%\.;%Ti i Voc b D7 Fa—F 2 @E Lz, KRS
D K-PDTALBEL L 7 = — /LD PR FE 28 72 S AU LB 72 L D Voc=665~683mV 7> & 695~705mV
WCEINLTWD, (Zn,Mg) ODEHE ANy 7 7ED Egiifib e 4L, & Voe, @ Jsc & H
BLTWD, 142" F X212, HAE 0.5lcm® @ CdS/Zn0 —EH NNy 7 7@ L O
7(0,S, 0H) / (Zn,Mg)0 — N~ 7 7 J& Cu(In,Ga)(Se,S)2 /L T. % & . %1% 22.3%. 22.0% D &
BIRNER SN TWD (FhG-ISERE) . £72. BHENETIEH 525, CdS/Zn0 ZHEH /Ny 7
7B LWZ,S,0H)/(Zn,Mg)0 —HE /N> 7 7 J& Cu(In,Ga)(Se,S), B /LT, & % . ZhH 22.7% .
228% L/ TNDHLEDHETH ST,

CIGSSe solar cells

M 22.0% Cd-free buffer WR Bl 223%CdSbuffer WR
5 22 12
20 20
10 10
16 ° 3 16 z
§ u f 6 %‘ g Ll 6 é
% 8L DR bos &= .
ZZ Fraunhofer o* ZZ Fraunhofer
2 ISE 4 2 aos .'0 I1SE 5
0 0 0 2 . . . 0
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Spannung Voltage / mV Spannung Voltage / mV
Eff Voc L FF
1st buffer 2nd puffer (%) (mV) (mA cm2)
previous WR | Zn(0,S,0H) Zno 20.9 685.8 39.9 0.765
Cd-free WR | zn(0,S,0H) | (zn,Mg)0 22.0 717.0 39.4 0.779
new WR Cds Zn0 22.3 721.9 39.4 0.782

#2:SOLAR FRONTIER

1 4. &% Cu(In,Ga)(Se,S)2 & /L Dt (FE H K #4ik)

AElk, @EWH TCO, KWINED AN F7a 7 4 ok, Ny 77 LT, A
Ny Ry v 7 (Zn,Mg) O OBI% . Dead J8 DK, K LEBENKBRF S, ERAME O
BErHR, KXy vy MU X 2NEBROM, BREROSKE, VvV T7THMOK
ENRE LN TS, R, K151ICRTEIC, S=FVa2— (242cm?) . 7 E¥ =
— 1 (841cm?2) T, 4% % .19.8% (Voc=724mV. Jsc=37. 1mA/cm® FF=73.6%) .19.2% (Voc=686mV
Jsc=19.2mA/cm2, FF=73.7%) O E#hHFELZFEBLL T\ 5,

10



Confirmed Cd-free Minimodule Efficiency :

80 | (Fiache / area (da) ( 24.165 0024 )cm) 4 500
Vox (8683 Q030 )V DLAR SOLAR SOLAR SOL,
e BT Py A m 'a’osmik 'arkdrﬁuk mmomlm érkom
L« L AR Ge s bl
Jy ( 3003 0058 Jmalem* 4200 & .
60 |l 67,6 mA 2
p Ve 7.047 v E
S Prwr ¢ ans 9.6% § ) mw 4 300 @ s
g 73 ( 7363 0.48%%)% -_x: n_19.770/°
E 40 (7 ( 1977 040 $9% ) g (Cd_free)
& 4 200 2
20 | Z Fraunhofer
ISE 4 100
e 7 B~
o ‘ , , g il
0 2000 4000 6000 8000 10000

Spannung Voltage / mV

Device parameters for our previous and current record submodules and minimodules.

Class Y 15! 2nd K Ap. area b Voo FF Test
buffer buffer treat. (ecm2) (%) (mA/cm?2) (mV) (%) Center

Submodule 2014 Z0S Zn0 n/a 808 17.5 35.3 680 72.8 AIST

2017 Z0os ZMO n/a 841 19.2 38.0 686 73.7 AIST

Minimodule 2016 Z0s Zn0 n/a 39.6 18.6 35.7 703 74.0 AIST
2017 Zos ZMO Yes 24.2 19.8 37.1 724 73.6 FhG-ISE

'2 SOLAR FRONTIER 44 IEEE PVSC, Washington D.C. | Enhanced Eff. of Cd-free CIGS Minimodule via ZMO 2% Buffer Layer and Alkali Post Treat. | T. Kato 2017/06/28 6

M15. @HECIGS I =FEVa—/b, HT7ET2—/LORKE (EEKELL)

53 TII—VEIEEMELBLUEXBEKXEGEEMD T -

(1) Stefan H. Myrskog (Morgan Solar) %, ” Beyond Fresnel lenses : low-profile, solid CPV
modules using total internal reflection” ¢EL T, L —F ViEEZITo7-, B KEIEFHE
(CPV) Heffrik, KL BRTE DI bW EKM I ZFET D, mfEHEE HCPY) X, Fik
PV AT AT, WSRO N ERETE D, VAT L LV OEEBRIT, A
D ENRS A KIGEMICHRT 5, 6O REEMBRIL, K1 61Z7R-7 X912, 10 FLL EaT
DD 2 N Ui, MEXEZh SRR 1% /4FCHm L, K1 71273 X 912, b a— Rh3¥ FhG-1SE,
Soitec, CEA IC X DX A VI NRUYT 4 7 ABEENVDOHE 46%., NREL 12 X 5
GalnP/GaAs/GalnAs/GalnAs ¥ = EfiE 4 HEA L DB 45. 7% TH H, L L., < OFEx OFEAlT
Taw AR T THLND, R 0%EMIOS L2500 EORMNS S,

60 Realised Expected (SRA, 2011)' ' ' '
o — = 1lI-V Multi-junction Solar Cells 46.0 % (ISE, Soitec, CEA)
O / % —-— CPV Modules (outdoor, CSOC/ CSTC) |45 7 9 (NREL)
5oL ¥ ma== CPVSystems_ . — = = — E ’
- 38.9 % (Soitec, CSTQ)

~ |136.3 % (Soitec, CSOCQ)

30 % (Semprius)

[

Practical Efficiency [%)
B
o

20....|‘..|....|.‘..|....|..‘.|....|

2000 2005 2010 2015 2020 2025 2030 2035
Year

K16 @fEEE HY) o'V, EVa—L, VAT LEEOEE (Dr.A. Bettt #2fit)
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HCPV & ¥ = — V3 b [RARIZ, K9 0. 8% /AFOFETHML TW\W5D, Ziud, BIHNFRONFEhHE
OIS LTS, BIE, La— REY 2 —/L35EIT 36. 7% ThHMN, 40%F Y 2 —/LDEH
MHIFRFTE D, 1€- T, HCPV £IR1Z, #EBEOESEZ R L TEY | fERkbHLIVWE B AT,
Flo, K1 8ITARTEIIE, CPVOT AT AR MK, Bk, 0.95 =—n8 /p, ¥ —2F ¢ OFXE2
ARb, L3z2—1/Wp~2.5 2—n8/p LK S TWbD, LarL, CPViTisEE L5 &, B 5K
MAET TS, K1 9IRT X DT, 2009~2012 AT, MR EIXFERIIC BN 7208, B
FEIL, 5L TV 5, 2015 4E0D PV D BAAEE A& 234GW (2560 LT, CPV 1 350MW &, Ao L~L
ThbH, W ODOEEFT, EVRANLHGRL, iU, bx o & lEEGDOOH 5, BPIL,
MEN T, RLEE T D, FMI~30MW HEED KRB EICE L Tt x & LIeERET —# 36T
WHZ EbHEINT, IO T7T—Z1E, BEICHIZBWT, CPV Hifroi /) & waettx2 < L T
W5,

Solar Cell Architectures for 4J) Cells
Achievements

Inverted Wafer-bonded
metamorphic

GalnP 1.9 eV
45.7 % @ 234x P 46.0 % @ 345x
AT NREL Fraunhofer ISE, Soitec,

GalnAs 1.0 e [MEendnglllj] ~ CEA -Leti

GalnAs 0.7 eV

carrier carrier

17 La—FRHCPY B ofiEE La— FEhER (Dr. A. Bettt f2{)

Cost of a CPV System

System costs today:
~0.95 €W,

Cell; 27%
Tracker
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%

18 CPVI AT Lzax OB (Dr.A. Bettt #24ik)
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Concentrator Photovoltaic (CPV) - Market
Yearly Installed Capacity

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

geo

S o
o o
— T 4
Q0
23+

N A @
o o o o
T T T T

1

o

Yearly Installed CPV Capacity [MW]

o ™ M~ O OO O «~ o™

g8888888s555538 3

Qo
N NN N NN NN NN NN

Source: Fraunhofer ISE / NREL, Current Status of Concentrator Photovoltaic (CPV) Technology, Nov. 2014

19 CPVHiGHEOZE (Dr.A. Bettt f2)

The Sun Simba The Competition
Light-guide Solar Optic Fresnel Lens Parabolic Mirror Cassegrain Optic
YYYYYYYVYYYY YYYYYYVVYVYY YYVYYYY YYVYYY YYVYY TYYYY
LUl By TRSNEEEND 7R sEeEEmEREEy y{
4 NV
] =] ] (&)
EPV cell

2 0. Sun Simba™ Bl L 7 L x L1 v AMESMmOEN S AT LD
(Morgan Solartt: 1 #)

2 01Z/r9 X 91T, Morgan Solar #HiZ & - TBAFE X417~ Sun Simba A iL, ERANEZER T, 7
LRV Ly ZREORERREEIZ AR D & lem JET, &, 237 M T, 1100 fFENXDBAEE L O
FThHD, BT TY o0&, D 1 ED SEEE 2 AV T 5, Sun Simba ¥ = —/LE, &
PR 3BELKGEME T A, @0 TN CRERL S 4L, @ Ofdh Si KB 2 5O BTV 2

13



—VENEE 31 5% N TETVD, BRIPEFRE, IRERECEEMERR e EORWPHE ST,
flivn S1 KB EME 2 = —UAliks & BEEAEREOFE MR Z v, KT 2 — /LT, #idh S1 K
BT ¥ = — Al D 50% % R TX % Lk ~7-, ith & LCiL, Building integration 72 &%
HHEDFETHL,

(2) Tatsuya Takamoto® (¥ —7) IX. “IMM triple—junction solar cells and modules
optimized for space and terrestrial conditions” & L C. Extended Orali{H % 1T >
oo B2 TIZRT L OIS, o UMER A ES (IMM) SR InGaP/GaAs/InGaAs KRS FE#L O
FH A, M ERICET 2 RERRN R~ FHAICEL T ELO (e X vy b -
U7 b A7) MW @R B s, 5B R s S e,

| MOCVD Epitaxial Growth | | cell Fabrication |

buffer layer

GaAs middle

Growth direction

GaAs sub.

-+ GaAssub.

Area : 27.4 cm?
Weight : 330 mg
Thickness : ~30pm

i 76 mm ‘ W

SHARP
X2 1. Wb HiEKR - A~8%4E8 (IMM) % InGaP/GaAs/InGaAs K (/A KAL)

38 mm

Demonstration of over 30% Module (NEDO PJ)

New Record Module Efficiency: 31.2%

s

| Size (em?) | Lo(A) | Vo (V) | FF.(%) | Puu(W) | n(%)
968 1.506 2395 83.6 30.2 32

SHARP
M2 2. #=31.2% D 3EAKGEMET Y 2 — /L &R (EAKER)

BRI O TiE, 1.05em?*, 27.4cm* B LT, &K A&, #hFE37.9% (Voc=3.065V,

14



Jsc=14. 27mA/cm?, FF=86.7%) . 34.5% (Voc=3.008V, Jsc=13.96mA/cm®, FF=82.1%) .
B2 212R"FTX5IT, 968em*E Y =2 — /LT, R3L2%DOHEREENDER/{TOLNL TN D,

B K CORNRBER LN, WHASH L L TEFSEANRE XL, K2 X Mb
OF7 Fua—F & LT, BABEEMKB. InGaP/GaAs//SiA T =LA K v 7 OKEHE Ak~
b,

(3) Naval Res. Lab. 05, EEEH IO E W (>3kWke) FHAB IR —F 772K

PO EEZ HE L T, SEALERO BN ST,

#%%\%4K%¢o

oy —7 Oz EEE3SEASEEAKEEMOEBNTZHERENEIEIN TS,
4. A5HE K E O RV B
Manufacturer Cell type Area (m?) | Output (W) | Efficiency
Sunpower SiIBC 0.534 85 22%
Alta Devices GaAs—1J 0.506 52 24%
Microlink Devices IMM-3J 0.48 118 26%
Solearo LM-3J (Ge-thin) 0.463 116 30%
Sharp IMM-3J 0.462 152 33%
(4) Zof, T1I-V/SiZ v T 2B LK A MEDRKIEDO R vy 7 Ao TWN5,

FhG-ISEA%. InGaP/GaAs 2 #:4 & /L & TOPCon #EfuSiR AL ED T AR UTF v 72
& % InGaP/GaAs//Si 3 #2& /v (ififH3. 98 cm®) T, %h#32.3% (Voc=3. 085V, Jsc=12. 6mA/cm*,
FF=83%) MN#ME S =, ~T T EHEIC X % 1In6aP/GaAs/Si 3 #:E /L Tik, #1%19.7%
(Voc=2.52V, Jsc=10.0mA/cm?, FF=84.3%) T. EEMIEE N, 2.8x107cm2& @2 & AR
BMThHDHNRELIZ, U — 7 BHLRIZ. AT A= NVAE v 7|2 L% In6aP/GaAs//Si
AT, K&, 2%35.9%., 33.0%., 28. 2% DRWICH D, K, HFEIT%U LOEHR%
BHfFELTWD,

5.4 #HERSIKBEMLSE :
(1) Pietro P. Altermatt o

multi-crystalline Silicon materials:

Solar ) (X . “ High-performance p-type

Its characterization and projected performance
in different solar cell configration” L T, Y—F VUEHEIT>7=, HilR&#E T,
p—type B fif &% PERCH% 1& K |5 & h T . % #22.13% ([ £ 243. 68cm® . Voc=680. 3mV |
Jsc=40. 53mA/cm®  FF=80.21%) . & 7" 1 & X T 2h#21. 40% (1 fE244. 11cm® Voc=672. 1mV,
Jsc=39. 65mA/cm®, FF=80.31%) DRI ThH 5 Z & i L7z, p-typeZ ff fh PERCHE 1 KB
BT X2 312/ X, 2821, 25% (1HFE242. T4cm?, Voc=667. 8mV, Jsc=39. 78mA/cm?,
FF=79.97%) ORW TH %,

( Trina

15



Increasing efficiencies: Trina Solar
Multi-crystalline Silicon p-type i-PERC Cell

ZZ Fraunhofer [mec] . .
setests e Selective emitter
poge 11400300

G =) [ois0 |

eessessessssssecsonan

Screen printed Multicrystalline i-PERC
p-type solar cell

- —

= Fraunhofer
= Local BSF and contact

Passivated rear surface

.
. o =)
- = 7
B

Strom Current | A

e N a2 @ ®

e = M ow B U oo
g Power /W

o 100 200 300 400 500 600 700
iung Voltage / mV

V,. (mv) J.. (mA/em?) 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.

ﬁinasolcr * Measured by Fraunhofer CalLab on November 3, 2015

Smart Energy Together

Slide courtesy of Pierre Verlinden

2 3. p-type i-PERCEZFEifuSi KB EMOEE & 1-VEE (Dr. Pierre VerlindenfZfit)

[ ]
High-performance multi Trinasolar

3 distinct regions in mc-Si materials

1) Intra-grain region

2) Grain boundarie

Segregated metal 3) Dislocation networks
| impurities, Fe, Cu I

Dissolved metal
impurities S == Segregated metal impurities
eg Fe, Co, Cr, ' in dlslocatmm:uisters
mainly closely
High packed loops
Iifetime ' dﬁ, Low
refgions lifetime
= refgions
A :

bb bbh
2 4. ZAEMSIKEGEBMEIEICKITTESRE. Mk R, B OEE
(Dr. Pietro Altermatt#Efit)

R, ZHRMSITH, 2msit W F v UV 7 HEMAE LN TWVD, SEIOFEE T, 4
— A~ 7 U 7 [EIL K., Fraunhofer CSP, Univ. Konstanz, Max-Planck-Inst. of Microstructure
Physics, MIT, and Ohio State Univ. & & A8 O AR 2N HE S vz, mh bz m T 72 i
DARLBHDBFRI ST, FX¥ A RNERESETE, K2 42mnT X212, AL, AW mT. ke
S FODT@%(’?mZM%%E’C&)Z) EE Z R mSTITIE, KL E D, 0L
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R X, T LAKEDN NS WHER, SO0FR W, /DMRLR T, RETHIIG 7] ORI X 25
BN B R O R L E 2 TS, 2.2QcenZ il fl DAL,0, (ALD) 7Ry > _R—3 g I kb,
XY VT Hmo >1150u sHELNTWVD, RFIT, ZIEE, RITIT T, EBAL
B EPB-0RFeile EFOBHBBE D, HRITHN TN D,

X 2 5%, fidbSIKBEMDFICE LT TFeEESRIEEO R Z/RT, p-type, n—type
SiZft gl O Shockley-Read-HallZ 4 (SRHt ) OFEAF ¥ U 7T EEEREM D Co, Cu, Ni. Cr,
Fe, B-OE & KKaoWDO B RN, S SN TWD, p-typeZfitidh Tlx, Cr>Co>Fe>Ni>Cu,
n—typeZ s TlT.Co>Cr>Ni>Fe>CudIJET.SRHt 124 < . 2 E18% %2 15 5 12 1L, p-type
ZHEih T, Cr. Co<1x10%m™, Fe, W<5x10%m™?, Ni<1x107em™®, Cu<5x10%2cm™®, 723 EBEL
LDHETHD (Sio et al., JAP 57, 033523 (2001).) ., 20Qecm FZ—SidCOSILEERIE. <
>ImsZEHAI201%, Fe<2x10%%em™, Ni<1x10Yem™, W<1x10%cm™, Ti<l1x10!lem™>, 25 LB
7Em, KEEMARO TR LW — A3 H 5, p-typeZ #itsn PERCHE & KM T, %=
21.3% (Voc=667.8mV, Jsc=39.8mA/cm?, FF=80.0%) DI IRTZH, BB E 2 KT 5 &
MITIZE DY 2 2 b—v 3 Tk, 21521, 44% (Voc=667. 2mV, Jsc=40. 2mA/cm?, FF=79. 9%)
DI CTEL/-ENH TS,

®
Impurities in p- and n-type Si Trinasolar
=
O Metal impurities tend to =, X
be donor-like > 20
= .
O Therefore, metal states -3 1 Simulated
are more active in = cell efficiency
p-type Si than in n-type = 16
o
. 22¢
= i
> 20
(&)
&
© 18
£
()
z 16
(&)
1010 1012 10M 116
Impurity concentration [cm-3]
Schmidt, Lim, Walter, Bothe, Gatz, Dullweber, Altermatt, IEEE J PV 3, 114 (2013) 28

K2 5. EmSikKGEMFEHICKIETTESBEOE (Dr. Pietro Altermattfizfit)

X2 6 1%, FBESIi(FE'Eﬁle)JJff BLETEHUBEONREZRT, 5%, Feih 4 DK
%’B—O%’E/—\M%@m%/mt L BhE21.83% ., deeper AlI-BSFO L FEIZ L v | £h322.33% .
¥ 7~ . passivated contacts@ﬁ}fﬁ T I v ZRL-BSFOKE, ¢ >2msE2 L, 22.5%LL
EoOMERBBETEDLLEE LD,
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[ ]
Dislocations and cell efficiency Trinasolar

T I Modeling dislocations with
: anm different recombination strengths
: (Sentaurus Device)
I
| 20
! g
I o [ e =N
| 18 | u“t\\‘x\
| \B \\
I 16 | AN
J-——-FH--F+-- x Ny {em? NN
n = = AN
P ) Z 4 dislocation-free N
, g 10 W Vg
z S 5L 104 W o
| % - 10° .\\
—= 106 W
_ _ 10 F o 1o by
interface defect density (cm?) @ historical devices [22]
converted to line density, 8 : : : . ‘
10 102 10* 10° 105  10°

1
Npy (em) average dislocation density (cm2)
Needleman, Buonassis, MIT

Needleman, Wagner, Altermatt, Xiong, Verlinden, Buonassisi, Sol En Mat & SC 158, 29 (2016) 31

X2 6. fEEESIKGEMDRICE LIETEHMEEOZFE (Dr. Pietro AltermattiZfik)

(2) Zofh, hxIhe, X"y a7 h~TafESEESKBEmL T, 26.7% 0
REEm R K EM O EH . Fraunhofer—ISEZA> 5 . TOPcon n—SiX— 2 @ H§5 L Si KB EY
ZAEEmSIKGEM T, K42, Z3+E25.3%., 21. 1% DEENH - T-,

5.6 v 392y E—>ar:

David S. Ginger » (Univ. Washington) X, “Probing nanoscale heterogeneity in thin-film PV:
Perovskite to polymers” S L T, YL —F UiE AT/, PVICL D27 U —> R LF
—DEILRIZEBAOEDIIT HEDOAr— VT v T TARA ARy T I XY E—v 3
VATAAL T L —va Y RNEETHDL, ¥y T4V E—Ta I LTIE, K27
WRTEoIE, 7/ A — L OREEICBUR 2 R IEROKBE M CIGS, CZTS, & Ry bR
N7 2L MRAHKGEME, RIERKGEMD T 2 25— VOGN S %2 Th
5, BETCIX, EEM T o — M L 10nm A — L DA REE O B RN R FEAN (OB
HLEWRSX v V7 FHmMibM) OBEEFMBTIC LD T rE X MEST /N1 AR, FFIT,
TR IE SRR L OB RO A EEMEEZ S A L TWD, a7 AU A b KEGE MO FE AN #
WOEFNBNSNT, 406nmhiIC LD 7+ b I 2 ZANHE S, 145% (Voc=
1.00V. Jsc=18.3mA/cm2, FF=79.3%) K& OHEIEELHE (ERE) 1%, 10%% & D F
Thbd, ENFE21% DXn T A4 b KGEMTE 2. EREIL. 0.02% ThH YV . GaAs
KI5 EM DERE22.8% ., fEdhSiKEEEM ODEREMN1%IZH T, K<, BEIEZ W,
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®2 7. F 7 A — DRSO — ] (A R )

56 ROJRAAA FELUVEHKBEMSEFH

(1) Michael D. McGehee (Stanford Univ.) [%. “Making perovskite tandem solar cells
efficient and stable enough to be a gamechanger” ¢REL T, YL —F UV #EEEZIT- 7=,
X7 A A PKBEMPRIITDO hE vy 7 2AD—2E70 £ OMZEE. HiiE RIS A
LTWb, B, Ru 7204 N KEEHIZHW 54TV 5 CHNHsPb 131X, 1. 56eV D H 2 1E
BRONY RX vy TE2RT 5, MERBLAZZR Dy ) 7IEEE (100~1000nm) %
FFH, @RI RE (GaAsiZIm W IEWRINARE) . ¢ ~6.5, BEE (E 7. 5cm®/Vs, IEAL
12.5~66cm*/Vs) 72 EDOPPEIZ O VW T H IR BT, FhE 7+ OfE G = kL ¥ —I%, 5~16meV
ThHO, MR KGEMOHMEZ R, 2009F D3, 8% M b it DEhFE22. 1% (Ml
0.0946cm2, Voc=1. 105V, Jsc=24.97mA/cm2. FF=80.3%) DZ5i&E . &I O WFZEBE I8 O AR A3
BN, K28, "u T AUA MKEBEMOENRILOEEZ RT, 2009FI2, &
oD — TN, AFERE KB O sensitizer & LT, CH3NH3PbI3 & A L, 2153, 8%
ERTEORKRMTHSH (A Kojima et al., J. Am. Chem, Soc. 131, 6050 (2009).) .

30

9

=

o 20 | -

kS

[&]

5

- 10 | _

@

=

[e)

% —m—Perovskite

x N 1 : I 2 1 N ] N
1970 1980 1990 2000 2010 2020

Year

28 XuT7xHAFKEGEMD®FEADEEL MO KEEMDOZ)REE (290
EU-PVSECZ i/~ 7 4 b : Dr. A. Jaeger-Waldau#i fit)

19



& 15 ] Voc Jsc FF
£ | ® M mAm?) (%)
g < | 26 165 181 790
1 £ F
Perovskite g 10 - =30
b5 r "
R} = ~ L
- & > L
NiO s [ g 25f
3 sl T
a-SicH () “ r E20:...‘|....|‘...
S ShE i 0 10 20 30
Time (min)
. 0 HER S | I T S A | [ T |
c-Si (n) 00 02 04 06 08 10 12 14 16
Voltage (V)
- L :
SIGHEr Y g osses:
a-Si:H (p*) . Reflection
“\€—T 48mAcm™?
SiNP b
Blue parasitic
12mAcm™
&
= \ NIR parasitic
= ot
S 33mAcm2
=4
1
300 600 900 1,200

Wavelength (nm)

X29. fad2AhA M/ ~TaERSIiZ LT LELOI-VEM (K. A. Bush et al., Nature
Energy 2, 17009 (2017).)

WHE T, SiIRhAELEDX T ARGEMOT T —F BB, by TEL
KBEEM > 72 OEME LT, CHsNHsPbls (Eg=1.6eV) . CH3NHsPbBrs (Eg=1.6eV) .
CH(NH2)2P b I3 (Eg=1.48eV) . CH(NH,):P b Br; (Eg=1.48¢eV) . Db ndH 5, /N KX
¥ v 71.68eVOXa T AN A N by TEALET UV FIMILKEOEERZSIA N LAELDE
J VT VREE 2SR X 7 AEM (1em?) T X 2 92T X 512, 21%23.6% (Voc=1.65V,
Jsc=18.1mA/cm2, FF=78.0%) N LN TW5, #hFE30%DEHFOFAREELH DH, a7 R
A MRIEDO 2HEAX T AREEMLERIIL, IFEIT.0%DORNTHDL, 7 ATH
YRAvF L, WiEAE T LATEIELEXa T A DA FEEA KB ERDSSC., 85% D E ik
R R BR 1000 [ . 85°C~-40°C DB Y 1 7 Lk BR200H 1 7 L 72 &, HALI1T10% FE T
EDOETHD,

(2) ANUIZ, NV RX ¥ 71,73eVDCs R 7 AW A FHES KIGEM T, IR17. 4% %
BTHEBD, CsHFXaTAHA MMy 7B ENFE23.9%OHEHSIKBEMD X =7V
ALy 7 AT 28E S T ARGEM T, 21%26.4% (SiA M avArDOFHFEIE, 10.4%)
EHETWHEDORETHD,
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5.7 FERAABEMS LU R TLRE

Christophe C. Allaud (JPL) I%X. “Low cost applied to large constellations” &
LT, L —F U#EEHAEIToT-, 20124, Greg WylerlC X o THRIENT-KEDOR L F ¥
— ¥ OneWebid, ANTHENPOERZMILIL, BEA 7 70ENRVHERICH A > & —
Xy MeJRT2EMERABL WS, HHARITOFEICIIE, EHRTIEBAD I |
AU E—Fy a2 TWDDOEEANLEEHRICLHMIZRNEDRETHY , L
HE&Zo LeMBOBIZIE, BERLEYRAOEESRMONTLEI> TV F L -

TNA R (F#RKEZE) PEEFNLTVWDLIOT, RBEHEIHDL THAH, ZTLalsR
TTNRALE Vo EBESERA =D —ITMA, 20164127, YV 7 bX> 7 NEIFEIZ 1045 K
Ko &ErdThE ) =a—RA L H o7, OneWebTlE, EEEEENOEEZEL L2 & 1T,

KEZ7v U XAMIZ, REFERETHEZEFK L TWVWDH, 2FRIZDO X900 E O 2 % 1k
E0E R0 Ka A N CTRIETZ25E TH D, OnelWebN BAFE L TV 2D L 5 7 /B A2 13,
W ELTOE T80 TE o 72T H R IFH A, 4% 104 TI000K 1T EFTHRL Lo T
MbLHD2EDFEFTHD, 5%I0FEE2Z AL TWVD, GaAsR 3 A KNG EMRT L A
DaAXrFZ =47y ME<$00/W, HAOKEEIZT<100g/W, FIH EFa XA NF—F
v bH $20K/kgTh D RN, HEXFF.AB TR T Y 074 2N A .

-100°C~100°C O EH o 7 )Lkl IREAER, HERKRZED, S, 6 — R0 18008 »
KGEM AN NVOEETREEZHIET LOHETH S,

58 EVa—I., BE. 7 :

(1) Chrisophe Ballif (EPFL) iX. “Novel designs and materials for durable PV modukes”
LT, =T Vil EIToTo, OBET 7 A VEAFLEN, KWMLK SIS
LORMERHY, BRI ETHEL,

(2) BV 2= A EMOBRRICOVTE FAEOT L —FT UEHAELEF>TNDHDT,
WA+ 5, P.J. Verlinden (Trina Solar) . “Challenges and Opportunities of
High-Performance Solar Cells and PV Modules in Large Volume Production” & &L <.
T —F ViEEEIT oo, mMEEPVZ AR =R FOBRIX., E/Ha X MEBIZKLATH
Do PVadR—xy O M EiX, energy yvieldiZMz . MEHEE. BEARAMKE. o
A b, BOSmA b, BIEBIOHEEZA M, kKip47h DA T T Aa X MIBEHERA
NI NEFEO, L2Larb, REREBEICBTIEIFEAOFETIT, RAMAEZZEL., &%
DR &D, HEIFHIIC, EFBREHEBNILOLV BHEE, BWI r— b —n HEHEFRE
RCEBE TV EABESITESH LW e —F 20 BET L, KEHE TR, F9. K30,
BLTIEARTEIIC, MdSIBIWEREKGEME Y 2 —LOERILOERESZOT
TR BRE 72, 20200R ICB T 2 FEMSIBLONERKEEMRETY =2 — LOETFTHEE S
L. p—PERC, mono-Si, CIGS, CdTe T . £ % . Y =2 —/L%h=*E19.6%. 18.6% . 17.9%.17.0% .
16.8%ICRDTIEA D LDETH D,
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Survey of the industrial PV modules

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

Tr_lnaso

rt Energy Together

X3 0.

\ULARASRARRELRARS LARAE SR

Module efficiency [%]

10

T L T

g T
¥ mono-Si

2006 2008 2010 2012 2014
Year
- S cIGs [1] A. Goetzberger et al., SOLMAT 74, p1,
mono-Si me-Si 3
A BP solar 4 BP Solar p :;{:‘;T:"““" 2002.
B ;’“‘:m & E;ECM @ Solibro [2] Data from websites of PV companies,
N Boscl e TSMC
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Modeling of module efficiency

R (Dr. P. Verlindenf®f)

L —
mono-Si

T 17 & ¥ 1

O Note that the fitting only
represents the main trend of
technology.

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

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

O Crystalline Si still keeping the lead.

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

or < Panasonic ._19.5"/0
0 Sunpower g -7
PPERC. <~ g%
18- o < ~# “mono-si”
9 7 me-5i]17-6%
N 4
: ] 18.8%
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2006 2008 2010 2012 2014 2016 2018 2020
Year
[1] A. Goetzberger et al., SOLMAT 74, p1, 2002.
°
E!EEYS?EF [3] Y. Chen et al., WCPECS, Kyoto, 2014
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P. Verlindenf&fk)
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— O aRXANFPHELARIN M EESi.CIGS. CdTe T 2014FE DK A4  EY o — /L= 0. 56%/W,

0.76$/W, 0.58$/Wh>
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Cost of PV modules

100 —rrrmm—rr e

5 e Si ¢-Si module cost: E i .

3 5 o madue 3 O Learning Rates:

a @ Photon [nternational <1 Trina i

L ® ITRPV.2014 B Yingli 4 O c-Si: 22.8%
— A Canadian
= - _
B n O cdTe: 16.3%
=, lOE&:_
g e m O c1Gs:8.1%
5 !
o O Crystalline Si technologies
‘f;- benefit from standardization
W E (tools and processes) and
s 6F €168 module price & cost . ] | i ( lati

ak Price, Photon Intemnational  CdTe module cdst:, N arger experience (cumulative

Caost, prinsight.com W Kerstenetal. "~ e i
ing O First Solar e prOdUCtlcn)
Learning curve: 3
== Cost, LR=16.3%
0.1 L | il il |

w0 o 't w w’
Cumulative production [MW]
[1] Kersten et al., 26™ EUPVSEC, p4697, 2011
[2] Photon International, 2011-2014
] [3] ITRPV 2014, htip://www.itrpv.net/
Trinasolar ’

[4] Cost data from financial reports of various companies 7
[5] Verlinden et al. 29t EUPVSEC, 2013

X 3 2. #EeuSi. MIEKBEEMEY 2 — LK 2 MR (Dr. P. Verlinden#Zfit)

Smart Energy Together

Cost of PV modules (Projection to 2020)

“e-Si O Recent manufacturing cost is
L LR =22.8% ] -1:
~ comparable for silicon wafer-
based and thin films technologies.

1fe. .

O Learning rate (LR) for ¢-Si, CdTe

il }"Q .\OD 34 5/W (2020’ and CIGS is 22.8%, 16.3% and

0.42 $/W - 8.1% respectively.

Module cost [$/Wp]

fﬂ“ ]63%‘-‘\ 1 O Assuming 20% annual production

el growth yields prediction of cost in
01 T 2020: 0.64 (CIGS), 0.42 (CdTe) and
T N 0.34 (c-Si) $/W

@

4

0’ 10 0’ 10° 10 10° O Fighting with cost (material, labor,
Cumulative production [MW] Capex, etc.) while improving
efficiency is key.

X3 3. fEMmSi, BEKBEHREY 2— 10K 2 MEo S F 48 (Dr. VerlindentZfit)

5.9 EEMNF
(1) T. John Trout (DuPont PV Solutions) I%. “Module durability - Connecting field
results accelerated testing, and materials” LfEL T, L —F VEEEEIT- -, HIH
TiX, DuPont® 7 ¢ — L REklR, UV, B, RE, B\ 1 7 v EoMERHRIZE S K
EMEY 22—/, aryR—xr b, MHEOFIZET M@ ERI XN, 7
4 =L REBRICE L CTIE, 1970 7 ¢ —/L R, 1,919,050 K[ E /SR L, 453MW T, F#)
@1@%?»5'%3.4%@%%7&3%&%5%%:0 LA LA, 78%. LN, EAH11.3%, N
7 v— b5 1E7.5%. EVAFIL2.7% ., £ DMEH05% ThHh D, ZHbDNILIMWD EIRE
Va— LI LTI B L. 63% . Lo, BAE1611.3% ., Ny 7 ¥ — F5{125.3%,
EVA%{£0.2% ., £ D5 {t0.1% ThH 2D, Ny 27— FHICETIMHEBOENEBRL N
Too WIEIR. HAHEK, N%ﬁwﬁ\:y&ﬁkﬁ#\a4x~9yyﬁ AL, p&T
b5, FMAHIFEIL, FHE05~0,8%/IF720, A MIKF L, WENL2%/F L RKRE W,
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5,10, 11 PV RTFT L, ND—I LY +rOZV R, RER. CH. BEEANE. FHH
£

Ateve J. Steffel (Pepeco) I1%. “Distribution grid innovation driven by PV solar
integration” ¢t LT, L —F VEELEIT-o7=, PVOFINEIIE T, KB X2 /LD
pEm bk, BFEmfb, 2 X MREXA RS, FAREIC, A= 258ThH, RIS
ENTWb, Electricity® L6, FROPVO REE A ZmT, E#EMEOE W, 247
AR D EBL D 72 6D OGRS HT L/b‘ﬁié EQORIRPA Rz, Mamld, 512, £&0
bivd,

5. Smart Energy® £ 82 1)1 T o J7 m P

Smart grid Independent system operation, Local distributed company,
Micro grids

Smart distributed | Voltage and frequency disturbance, Autonomous & centralized

energy resource control, With battery
(DER)
Smart promise Home energy management system, DER, EV, Remote Access & control,

Energy efficient & control, Direct use of DC, Participation in
micro grids

5,12 Bk, 5. TRHFH .
(1) Becca Jones—Albertus (DOE) i%. “SunShot2030” (L CT. YL —F VU HEELZIT
> 72, FEMIIX. [ UDOE® Charile GaylZ &k 2 BiH#HS. 02 B Sz,

(2) Joint Special Session& L C. ” International Collaboration and PV’ s Role in
Creating a ‘Smart Mobility Society” DHERHlt v v a 23 L, 1504 O INE
N o7,

B, A—HF AP —D— AT DM. Yamaguchi (EH T K) 75 Introductory talk?s 72
SNhic, M3412, lixDdr— R~y FICLDIMRDOPVY AT LD RFEAREOHS 2R
ﬁoﬁujx@uoawemmmr(HGJSB DOFRIGEFEICH D K o2, WEE3FITH, 18H, |
A « T TA T NT TRMES N T-The TW WorkshopTlE., &P % —4 ~ b & LT, 20304,
20404, 4, 3TW, 20TWE | FERICHE I 2 — 7 v F3MERER TS, K3 512,
HARICBITHPVY XA T L BB ABORTSICL S FRIZRT, LarL, M3 51271 LD
2. FAYRHATIE, %EW@W&X?A@%A% CEAERICH D, F—T v R
DREBME, NV TRECLND, X3 612, FMEOPVORED D O EEFIHEIZET
LEEB IR~ Bz, OEEMZEY 3 /%B—F7y7®%m\ QEERE S, % EBUF
~ORE., O RO S EBOME I ITZEHELRFRIZE 2NNy TV oL 5D
TPVER (B, B, EVa— b VAT L%E) O b5k, @FfF kot E#D
M T - EBE LRI L2 BB EACRENSE, A, BB EHOFEF & LT,
KGTZA N F—IZLD5F ) T o2 HMEIMIT T, V=T —AT =3 a URHFOIRDY
MADORMBMI S lz, 4RI, HER#EZED, T2 Y 7 LS HEE I IT ZPVO &
HEFwmT —~ & LT,
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® Cumulative Installation ® Solar Power Europe
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World’s PV Installation Outlook
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Japan’s PV Installation Outlook
(RTS, PV Market 2015, 2015.7)

Important issues towards future PV

Creation of international vision and roadmap towards
creation of future clean energy infra-structures.

Recommendation of energy policy to United Nations,
regional and national governments.

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.

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

fowards creation of future clean energy infra-
structures. "

[FRDOPVORIED - OICEEZRFIA (LD #EERER)
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Akinori Satou (Toyota Motor Co.) %, “Toward new mobility society by using solar energy’
LT, KOS HICEST 5 Late News Paper 3% 2 1T7-7, X3 7R T X9, T
IRFTEXME T, Solar EV C, —H 32km DEATAFEET, 64%D CO, BUHHITASHIFF TE 5, FFRAIIC
I, BREIAREE . FREAED Solar EV NEBT 5 LHIff S5,

|Result and discussions ‘ e Benefit of solar module on vehicles

Calculation conditions

* Solar modules 500 kg : vehicie weight Assumed charging efficiency
\\f‘ + 17.0 Km/KWh : power consumption rate Cell temperature comrection| 0.91
+ 20 W : charging control unit cc MPPT 095
« 800 W : rated power solar module DC/DC conversion 0.90
=37 mem?may solar iradiance
#Average from the year 1081 to 2012 in Nagoya LDC charging 0.95
Calculated results + 64% fuel consumption can be saved
« Averaged output power of 1.8 kWh/day S Y = 333 out of 68%
= drive range of 32 km/day
] o -
+ 70% of PC drive less than 30 km/day Reduce 64% CO, emission
E 25
FES
E 15
g 10
g
o & 0
5 10 20 30 40 50 60 70 80 90100 ‘5‘19“25"3‘1'4%;.5:‘50&7’\3.’;!;;@-1m1ﬂﬂw
Drive distance (km/day) rive distance
PC da\\;v:np di;teance fﬁ Japan Distribution of energy consumption in every trip (Japan)
S EREES sy~ - : ]
37. KIGEMOERIZE DAY v b (KT
| A TERRATIONAL ENERGY AGENC Ry
We heard from Dr. Sato: prorovoutac powirsystins e We heard from Yamada-san:
Motivation fo hea new T (-
Prospects of passenger LDV sales viotivauon 101 | S\ A(V)
e <Various ways to supply electricity to EV>
3’ PV PV Powered Vehicle Ev )
% — Battery
H # I | C"2ro° |
& v

— ) —— " |
=

- = Storage = =
WHCOADF 1L VY u =_— = =
\. J

—— : E - #[S‘Orage]‘[cmrge] -[ FCV ]

P
e, S e

3 — Comment from Dr. Hirovuki Yamada (NEDO)

i

PV can provide 30 km or even 80 km/day Goal is to reduce CO, by 90% We heard from Charlie Gay:
Current System Integration Business Models

‘We heard from Dr. Jager-Waldau:

The JRC’s work includes:

e Cyber security and privacy aspects of
connected vehicles

* Dual use of mobility infrastructure

X38. ¥ty arnE b (Dr. Sarah KurtzfEfh)
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Larry Kazmerski (NREL) & Angele Reinders (Univ Twente)23 €5 L — & L 72> T, /SKILEf
M ST, SR Y A N Th % Charie Gay (DOE) . Arnulf Jaeger-Waldau (EC-JRC) .
Hiroyuki Yamada (NEDO)» L8 IR E D A B —F N & ni=th, DS ME L O E R #H#
72 X7, PV-powered vehiclesd i 45 | BF 52 BH % | Iﬁ%‘iibl—lﬁju@\i?@@TﬁEﬁ&:bﬂiT\
HEHEHKBELO BERO M oOWNT, FilkE vy a7 —<72 “International
Collaboration” 72 T, HAKKYZREERILFIHFTE O W[ REME 7R EIT DWW T, IEFE R /SR IVES R
RRERE OB RN I N, FEDIE, A—HF AP D— AN TH % Sarh Kurtz (NREL)
NhpENz, K38z, £EOERT,

6. &M

fth O EU-PVSECPPVSECIZHE R T, KE#HOHEOE S 2K L 5, SR OSH TIX, HARMZE
MWHDOBMEL, Ll S%BEHRIND, 5HOKGEREORBH GO0
IZiE, W3 9IWRTEIIC, ¥XRFER. HoXENMELE XS, M3 91X, F—ZIidH
WA FEENIZBIT D KB E @ﬁﬁrkiUﬁﬁ%ﬂak%.@W@%@%ﬁ(ﬁn
& ZETL) EOMBEZRT, PVOTGIZKEPVICEAT 2EFE TEIL., BIEBERICH
MGIERZDIZIE, EOXENELELELETHY H%F’fﬁ%\é@éafxé?ﬁ@bi%ﬁf“%
5. KGEMSSKELEFEEDO SR L EMEREML, K22 Me, EEMLoRNICH D | £
WO I LRk L EEFHENLETH D,

BRI >~ >3 7 International Collaboration and PV’ s Role in Creating a ‘Smart
Mobility Society” IZ/R- 3 & 912, H#E%EHEFHFEL, Dr. C. Gay (DOE) @ R I
5i5K\&5/TA%aﬁﬂé%%tZ@ﬁﬁﬁéﬁwﬁﬁ%/J“”@ﬁn%%
TV EDONAT Yy NMER, 5%OFHELEEZ Z LD, 20308 D3TW, 20404 D 20TWD
EHOLDIZE, BEESCV A7V ELRETCHD, TV T 422 EETDH L, S
AT ARHBHEISH, REN, HEBEXFEFEOT -~ T THD,

Correlation between PV budget and PV system installation

[ Installation volume ] 10000+

(O Annual (in 2006)

@ Cumulative (1996 -2006) oo
= 10004 @

[ Country ] £ [ )

(1) Germany 3 @

(2) Japan & 100 ®

(3) USA & 0o

(4) Italy 2 of L55.]

(5) France E] O,

(6) Netherlands £ 104 &) ®n

(7) Australia z .

(8) Korea @*

(8) United Kingdom ; ® ‘

(10) Swiss 10 100 1000 10000

PV Budget (SM)

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. Schiasl J. Luthar and A. Blskars. ISPRE Racort (ICSL)

M3 9. FEEICHITDAEEFREOLERES L ORFE AR L4 EHOPVEEO T E
(BF7eBA R 2 & Fe) & OFEB (ICSU-ISPRE Report)

WAl > 45% TEEE PVSCIZ., 201846/ 10H ~15H ., PVSEC-28 & 34" EU-PVSEC & D& [HE&
HWCPEC-7T& L T, Xk[FH - »~TU A B DOHilton Waikoloa Village CHiE T/ & T&H 5, 32™
EU-PVSECIZ., 2017T4E9H 25 H ~29H ., T X DT L AT )L LT, PVSEC-271%., 20174511
H12A~17TH, KRBT, ETETH S,
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