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4. Cherry AwardZ EF L ZERRREE
Cherry Award Chair T & %J. Olson (NREL) X ¥ | William R. Cherry Award® #&f# (% 1) |
IHNETORES (£2) ORI,

# 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  ZivE ToWilliam Cherry Award ® 5 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

Mr. Peter A. lles 1991 Dr. Timothy J. Coutts 2005
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Figure 1 | Growth technique and resulting InP films. (a}, Schematic view of the thin-film VLS growth technique for planar and textured InP films.
(b}, 30° tilt view false-color SEM of planar InP film on Mo foil, showing the InP surface, cross-section, and the Mo foil surface. (¢), Tilt view false-color
SEM image of contoured InP grown via pre-texturing the Indium film.
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(2013))
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Figure 4 | Optoelectronic characterization. (a), Mobility and carrier concentrations as a function of growth temperature obtained from Hall
measurements carried out on peeled off InP films. (b), Steady state photoluminescence characterization of a TF-VLS InP film grown at 750°C (red line)
and a similarly doped single-crystal wafer asa reference (blackline). (c), Representative TRPL curve for a TF-VLS InP sample grown at 750°C. The dashed
line represents 1/e of the initial peak intensity. (d), Average time-resolved photoluminescence lifetimes as a function of InP growth temperature. All

measurements were performed at room temperature.
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NREL ZSW EMPA Showa Shell Potential

Voc (mV) 691.8 720.4 736.3 686 736.3

Jsc (mA/cm2) 35.74 36.33 35.08 39.9 39.9

FE (%) 81.03 76.78 78.9 76.4 81.2

n (%) 20.0 20.3 20.4 20.92 23.9
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ETRIN o A L R R@EL
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FF (%) 79.5 81.8 83.0
n (%) 20.4 22.8 24.8
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Vock TR LT —F v v TEgE OO EZRT, "7V >y Ry 77 EOEMIC .
Vm@&%ﬁﬂ#%ﬂf%éoWm@&%ﬂ\Ny77@k%ﬂ%@ﬁﬁ@&%ﬁiék%
ZAbND, WNEENYy 77 BORNTIERICE D EEB 26D mESERE (Rs) 12 & 5 il
IR OLIENBETHT=N, N4 TV Ry 77 EBOERT ot 20 E#EIZED,
RsDELEED XN B AL, Bh=12. 3% D EBLIZ DR B o T=,

53 IlI—VRIEEMEILELUVELBEKXEGE LS :

Wi, < OERFEN, TTI-VI—ZADENKEHIEE (CPV) A7 AL Z B L
TWb, TOERBEHELT, RKOERDToND,
OITI-ViEE V2 W2 E R R E M IZ40% L Eomah b2 RH L TRV | mVek,
40% L ED@mBBEY 2 — NV OEBP AT, FEFICHEROR WPV AT LAt Tx 5,
QPVIEHADR YA XD ETHRELTEY, XV RHFBER AT LOEBNEE I, CPVY
AT LB LTS, @3 XA MO AN RAFPVEIF~ORBELEZLTH LTS Z L,

(1) S. Burroughs (Semprius) (%, ” Engineering a path forward for low cost concentrator photovoltaic
systems” LT, F'L—TF Vil Z T o7z, BEIC, thas, 1MW BLED CPV & A7 ARREICH R
LTW5b, 2FE 200~300MW @ CPV ~‘/7\7‘A7§§§)’z“?§éh“€io‘ D, K1 41TRTEoZ, CPVEY2—
IS S, $3.5/W 2> BAKR T M . BURTIE, CPV B o — U flids i3, RO G Si R &
HLLOHETHD, FFIC, 2500kWh/m2/yr LI ED BESMED BRI TIX, o PV Hiffik v E =
A MERBZSFTRE T, 8.5 B MKWh LA FAHIFFCE D, TR F—_A Ny 7 Z A KTONTH, A
D PV EIITHESTHATHY . 1FELUTOFEHAPTRETH D, K1 51T, IV KEHEE, £
KIGEMOEDROREM 2R, S ORNEET, BEmAIE 710% T, 2= 50% DEH
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WATRETH D, WFIEEPEDENTLE L DRI, 4. T%ITHEL, TV 2 — B 32~35%, VAT
LEHE 26~28% DB TH Y | MOKBE LV HEEEITHREN RV, SR O @z oBhm )
FLDOOIIED, BRBORRITED,

BV OIRELRET, 0. 14%/°C & BAF T, IEHmRER T, 10°RFMARIES N TV D, EHE
Pa—DT 4 =)L REFRBRTH, THEMBERRNLEDETHD, HFRAR LY, BERERERNE L
Shiz, AL K1 61ZRT L9, B/ ORISR ME S, BViakoBlLR <, /hEfEE
L DOANENRFERE STz, BRERIRIE 40°C T, 1000 (25084, lem BTk, BVIRED 122°C &
720, BVREZEZ 100CLLFIZTAICiE, E— o 7 BNRETHD, —J7, 600 um L TIE, &L
AL 83C T, BE— MU 7B, /MEEE AV EHWZ, BHEY 22— (0.266 m°) bk
YE & FhG-ISE O BWNFEA (25°C) T, #h#F 35.5% B3 F ATV 5D,

Challenges for CPV - Cost

@ RESEARCH

The Evolution of Module Prices

$4,50

The Beginning The FIT Frenzy The Modern Era
$4.00
$3.50

$3.00

Prices have stabilized
and margins are
improving

$2.50
Price: -7% Price: -82%
$2.00

$1.50
During the past 5 years prices

$1.00 have fallen 82%

GLobal Module ASP ($/W)

$0.50

For CPV, costs will continue to be engineered down and will
significantly benefit from learning curve improvements...

14 CPVEY =z —/Uli# L T A (Dr. S. Burroughsf fit)
Increasing Efficiency by Adding More Junctions

Efficiency vs. Number of Junctions

0 E, (eV) -V Alloy \
80 2.15 | Aly06ag3,IN0sP

= Zg 1.84 GayqyIng 4P g

? 5o 4 1.58 Alqllﬁaq_gAs 2

é jg ] 1.42 GaAs -

n 20 B =@ Theoretical 115 |Ingg,Gag,,AS, 23_'3‘3'_-?2_ 5
10 —@—Practical - 0.94 |Ing;Gay,5As)6:Poss| |
L, s 4 s s , . 0.74 Ings3Gag ;A 4

Number of Junctions

Theoretical Assumptions:?! Example of a 7-] structure?
+ Ideal conditions; Shockley-Queisser
Limit
« Unconstrained lattice constant and
series current limitations
+« Maximum concentration

1 Bremner, Levy, Honsberg, “Analysis of tandem solar cell efficiencies under AM1.5G spectrum using a rapid flux calculation method”,
Progress in Photovoltaics: Research and Applications. 2008 ;16:225-233.

2 Atwater et al., “Full Spectrum Ultrahigh Efficiency Photovoltaics”, IEEE PVSC (2013).

15 III-ViEZHE, £ R EMO &N FE(Lo A it (Dr. S. Burroughs# i)
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Small Cells Enable Distributed Heat Dissipation

600 pm Cell Design w/o Heat Sink

Max: 33.157
Ien(:losure heat spreader ~ J|82

solder 5

L

T S,
St
T A T

copper traces

back plane |,

Mot the same physical scale as the 1 cm cell

Ambient = 40°C
DNI=900 W/m? (CS0C)
1,000x

AT =Q-Rth |»
Q=0.221W s

65
Min: 55,993

+ Cell temperature reaches an acceptable
83°C at 1,000 suns

» No heat sink is required reducing module
cost and weight

X 16

1 cm Cell Design w/o Heat Sink

Max: 122.126
120

Shice: Temperature [°C]

enclosure

cell solder

110
/ heat spreader

Not the same physical scale as the 600um cell |90

Ambient = 40°C
DNI=300 W/m? (CS0C)
1,000

| ==

AT = Q - Rth
Q=62W

Mir: 60.105

« Cell temperature reaches an
unacceptably high temperature of 122°C
at 1,000 suns

- Heat sink is required to bring the cell
temp down below 100°C

£ L O EVIENT (Dr. S. Burroughs$i i)

Cell & Module Efficiency Roadmap

Cell Efficiency
50%

Efficiency Roadmap

50% 8
@ Q
45% ® ®
agy — @ s ® @
pi ©  © .
L=
E 25%  Beating 2014 roadmap. Mndul::;flclency
— 0
£ 20%
15%
10% @ Module Efficiency
5% @ Cell Efficiency
0% T T 1
2013 2014 2015 2016 2017 2018
2013 2014 2015 2016 2017 2018
Cell Efficiency 41.5% 42.9% 43.5% 46.5% 47.7% 49.5%
Optical Efficiency 79.5% 79.0% 80.4% 81.7% 82.8% 84.4%
Module Efficiency  33.0% 33.9% 35.0% 38.0% 39.5% 41.8%

X1 7

EHELVLBLPEY 2 —LDORE

»r— K< v 7 (Dr.S. Burroughs#Z fit)

17N ELBIOREY 2 —LOEOr — N~ v P&t BUROFEAELLE 41. 5%,
Fa— VEhE 33. 0% B, 2018 ARERIT I, BN 49. 5%, Y a — L EhER 41. 8% D FEBL A HIfF
LTW5b, %%, HEBRRBICE DI 622 DFb, AT —NT v FREmEENREICL a3 X R
BHIZE Y, SIiPVEADEY 2—VEBIRVAT LA NOFEREZARTLEND S, BEHaA b
5 N kWL TOEBEARETHDL & E LD,
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(2) T.Takamoto & (¥ ¥ —7)
L. 7 Application of InGaP/GaAs/InGaAs triple
junction solar cells for space to space use and
concentrator photovoltaics” & & L C, AR #IH
Z{Tolz, 1 8ITRT L HIT, Wim BREER T
ARG R 3G RGEMO T B L OHEEK
BE 38 BRI LS AT 7o B D A DRI STz,
=7, K1 9ITRT LoD, i,
InGaP/GaAs/InGaAs 3 %5 KI5 EML T 37. 9%
&L 3EEA B DOIEEME T TSRS
RAEERR L TWDH, AlEl ERRGEHE, B
HEHiR L OVEHRA DR A 135> TVHENL T T
bR RESIRLER LD TH D,

Application of High Efficiency IMM-3J Cells

#  Transfer onto
Film

p ¥ Transferonto
* | Si substrate

7\
[ Re-use for |
_ cost reduction | cPv |

sSHARP
18 W EREER T REAR3SEEKE
B OFH I L O K3 ES
(Dr. T. Takamoto #£fit)

¥y —7 5B L7z InGaP/GaAs/InGaAs 3 24 KIGHE M OL ALY, FhG-ISE THIE S, K2
012”9 XL H1Z, 250~300 {526 T C 44. 4% DT @R FEIL L TV D,

FHABMICE L L, BEBRmERR R A 72 S, SEEE D dem’* )b, 27. 9em® &IV T, % AMO
BhE# 31.5%. 30.6% % FEH LTS, B 7 LB, Sl EinERER, W 7 23R8 72 Ene
S, BB D LTV, £7-. K, Shimazaki 5 (JAXA) O#AETEH, 20134E9 A 14 HIZFT
B RS- HE “HISAKD” 10, v — 7B 3#A AN EH#H S, 251 T FGE% S, BHERS

BIFRBD NN L DETH D,

New Record Efiiency at AW 5G, Tsun

— I-V CURVE
~mZ (ag ertu

347 cm* (ag ire area) WHSS

AIST

BI19 3#EAEELVOIEENLT TCOMRERS
Zh3R InGaP/GaAs/InGaAs 3 #& K5 E o 1-V
Het: (Dr. T. Takamoto f2fit)

90— .-

i:'i_..;.'_;'-""‘

3
A 0 1 em?
n, 444 % a1 250 - 300x -
S

CPV cell (4imm x $ummn)

Fill factor [%]
@
3

a— afficiency

Ll
£
F0
¥ -
k] -
]

..__.\-

- h
= Fraunhofer LY
e Y

1 [T] 104 1000
0 gcmcanua‘jon [x. AM1.5d. ASTM G173-03. 1000 Wim?)

07
Sharp INM VZ162-31
06 C=302T=25°C A=0I62S om?
Tunnel Junction bt AMA D ASTM GAT3-03, 1000 Wind)
I TOS.

-
=04

~12um

Buffer layer

o = 7148 mA

So1l e
Q b e -
02- =4 Fraunhofer
e

01

00
(]

SHARP Vatage 1
2 0 InGaP/GaAs/InGaAs 3 & /LD
HtE (Dr. T. Takamoto 2{it)

E]

(3) F.Dimroths (FhG-ISE) (%, “Development of high efficiency wafer bonded 4-junction
solar cells for concentrator photovoltaic applications” &8 L C. #2417 ->7-, ZHAHKBEE
MOENEIEIZ LD, 50% L Lo RIEFFTE L, AT MV ATY T 4 0 TRA
H=HNALy 7, VAT AR L, a A N&EICRA D EDORENRBRRLNTZ, £/



yy&&V’f‘Az’»’éf ¥ 1A % GalnP/GalnAs/Ge 3 #& & /L A3, u%ODa‘ziﬁf‘z@ot
CEHXEBETH, DFELANDREThHoT, SORIAEMEMLOZDITIE, KT AES

%3111 V-Nfb B OB N EThH D, T HNEARIT, %4&%%%&%(3@67@ Ve
— 1%, Wi A InGaP/GaAs/InGaAs 3 A /L T, FEENLHEIT. 9%, 250~300f54 ¢
TRIHRA4. 4% % FERK L T\ D, Emcorel, W EHEiEInGaP (Eg=1.9eV) /InGaAs (1.4eV)
/InGaAs (1.0eV) /InGaAs (0.7eV) 4 A /LT, AMOZIHR34, 2% Z EH L T\W5, I11I-V-N
R B W TIX, Solar Junctionl. InGaP/GaAs/InGaAsNSb 3 #2848 &/ OE N E/E TR
44. 1% 2 FEB L TV 5D,

T BAMEOMABEDEOREMENGIE, B0 S DbEEMTOBEH . A4 o SIEA O
HNREZTH D, Spectrolabld, GaAskA EDA1InGaP/InGaP/GaAs 3 A /L DT B X ¥
Ty U7 AT (ELO) L7 D& InPEMR D InGaAsP/InGaAs 2 # 5 /LD EEER
F 4TI LD 5 AT, AL 568IER3T. 8%, AMOZhR35. 1% 2 EHK L T\ 5,

A7 T, FhG-ISE, Soitec, HZB. CEA-Leti®I:REBIFIC LV . 4A L D297
T, 4. 7% 0 HREENRLER LcFE2EEL L, 4B, K2 1IZR-T K512, GaAsk
B ®InGaP/GaAs 2 #: A & /v (FhG-ISEfY) & InPE#HR | D InGaAsP/InGaAs 2 # & & /v (HZB
) LAV ANRT 4 T AEDOED AT =NV AK v 735 (Soitee)ic kv, €/
Uy (2T) 4AHABLVEEBELELOTH D, KTELSTRT, T nb, HAEW
MEEEbNTWER, 2HOILEMEREHEN T 52 LT, GTHLZ LD, Ktk
BREHE R SN TEIW R o le, S OEFOBEFOF THOBE 2 Rz X5 KN+
L, K2 21F, MAERESFRAESEL, AEEELVOATETFNROWEERME, 297
BHEA T COBERME, 2737, BUROEEEME O /L OAML. 5DE L H38~40% ., AMO
BA29~31% Z . PRMAIITIT, AML 5DEE RN H45~50% ., AMOZN=R33~38% & L7z &l
AT

Wafer-Bonded Four-Junction Solar Cell

P Engineered substrate 1

& / carrying upper inverted
5, tandem cell
AN

. Semiconductor bonding of
GalnP 19 eV lower and upper tandem

GaAs 1.4 eV cells

(] 8onding N
GalnAsP 1.0 &Y Engineered substrate 2

carrying lower tandem cell
el
I Support i

substrate

— \ Attaching final support
2

substrate

21 48EAELOER T+ 2 (Dr. F. Dimroth#24t)
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Wafer-Bonded Four-Junction Solar Cell

lot12-01-x17y04

M
g0l fﬂh‘,
a0}

40+

| ]

20

External Quantum Efficiency [%)]

L/ Z. Fraunhofer
Illk

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

150 lot12-01-x17y04
A=520mm® T=25°C
AM1.5d, ASTM G173-03, 1000 Wim*
| €C=2973suns
l,e = 192.1 mA
Voo = 41685V
S0 FF=86.5%
n=44.7 % +-3.1 %

Calibrated efficiency of 44.7% under
AM1.5d (297 suns) realized!

Current [mA]
8

(measurement confirmed
by ISE CalLab)

0 1 2 3 4
Voltage [V]

M2 2 WREEDEABEAS I, AR TR B, 2075 Y T T o B R
(Dr. F. Dimroth#2{it)

il
N

(4 ) M. Yamaguchi (£ [ T.K) 1%, “Potential and present status of 111-V/Si tandem solar cells”

LT, III-VA USiZ T A MICHOWT, BiF#EHZITo -, AE2HFE T, =V 7
L,3,4,T0YaAf v by rarNeEEIh, WEROITI-VRFEHOHEMFE XN TR,
SIOEMEDODBALHY ., T—L R VooH 5, TII-V/Si¥ 7 Ak, TII-VESiD@EE
X D@, BEl, K= X Me, B RmERA I CE 5, B T, I11-V/Sio
ATRZEREORED S L, RO EIL., BAAEERBICH D Z L A& E RO
TOOBRYI A7 VT =—)b, EBETHA, BIRKE, BEREEKE., REKEOT 72—
WARI STe, BRALEEODEFX v ) 7 Ha KGEMFFE~DORBIZET IZENL
EANFEAO T DITIE, BLAKRD10%em?HE 2> 5 10°em 2L T, B EERBALETH D,
GaAs—on-SiHEEAE /L TIX, NITO~T R ERRE, B8 A4 7 VT =— )b EBE HfHA
X B AML.5G%) H20.0% . AMO%) 2 18.2% . FhG-ISEIX. " AR o F 4 Itk %
GalnP/GaAs/Si 3 #£45 & /L DAML. 5DD48. 3FEEE N T, 2hR27. 9% 2 ER L TW 5, £ 72 NTT,
NASDA (FRLJAXA) 12 X %GaAs—on-SiH#EA L OFH EFRBRE R OB Sz, 1994124
b BT b o fifralBra 2 (ETS-VI) 12, FHAMOZN #16. 86% D 2cmx2em® 50 um, 100 4 m
JED I3 8 —T7 T A & GaAs-on-SiHEE G B A AN FER S v, FH EIERBR N 2 I,
GaAs—on-SiH#: A /L IE. GaAs—on—GaAst /L 50 um, 100 u mEDHERISIFHEL LD &,
BHRMEICEN TVWDE Z ENFEIES N, ITI-VAUSiZ T Ak, 2. 3#EA®L
T, FEXTH, B &, 35%., 40% U LOFEFDIFEFTE D, 5%IT, BOLEESOK
BIGHIERIC L 2@, (Bl 7o 20FEEEO M B, FHICHICMA T, Y —7—
AT —vay, BHEIEIGHSCEREMAZR S, K2 BN TE L, L,
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54 #£RSIXBEMSE

(1) R.Swanson (Sunpower) &, “Status and future of crystalline silicon PV” L& L T, 7L
—F U EE AT o 72, BEIEPVAS, FEESI PVICE o TR D EFHREN TR, MMmsSio
Bt <, M2 31, MmSiKBEMDEY o — ik & BFEAEREICET 2528 dhi
R, 20154F1C, Y 2 — LRk $1. 12/Wic 72 % & PRI TV, 20124885 T, &
Vo — Uli#$0.85/WCTH D, TV 2 —/L 3 A ME, 20108ERKD$1. 10/WH 520124 K Tl
$O0.5/WEiR SN TWVD, = A MREBOANEIL, &RV Siflitg45% (80.27/W) | Lo H#E
fm19% ($0. 11/W) | HANBHH10% ($0.06/W) . A7 —/L7 » 711% ($0.06/W) . £ DAl
16% ($0.09/W) . L72-oTW5, K2 41%, 200842k T 5 20124E DL AEMBSITY = — /L
DG 2 MRS DB Z AT, 2012/20080 = A MR T, SiN11.70% & & bK<
wafering28.80%. casting32.60%., £ =2 —/61.60%. B/ 72k R75.20%. & 7> T
B, A7 o 2BLOEY2— O a R MEBRLETHS, EALr7Taok 2o T
. FMAgD2012/20080 2 A M LR A105.80% Lk b, T A MEBAXLETH D, T
Va— IO TIiE, A7 L —AN89.24% kb m, 2 A MRBALETH D,

Zooming in on Recent Times Manufacturing Cost of Multi-Crystalline Si PV Modules
e ] 2008 Multi-5i cost .. 2012 Multi-5i cost  warer
s | g -~

1

= =

= I5UpRlY
E
2" aidich
g 1 sLayw }
< r Cost Ratio 2012/2008
2 [~/ [0 80.00% 75.20%
3 =T 70.00% 61.60%
= 60.00% 51.60%
| 50.00%
;g:g% 28.80%32:60% 29.90%
et 1]
0.00% i !
Cumulative Production (MW) sosomw o s 5 & 3 & _
- e $&’ ?}\o dgp obo ’\0@ o
U--‘ﬂl 000 . ;Dum o lﬂD.ﬂﬂ . 1;1.10(110 Trinasolor S ¢ ‘9%\ NI "’\‘9
. 1 X 000, - e & oy 11
23 FEMSIKBEMDE Y 2 — U1l M24 ZEMSITTa—LoflEax
B L BEAERICET 5 E i (Dr. R N EC 4y D284k (2012/2008) (Dr. R. Swanson
Swanson#i fit) L)

251, HREY 2 — LB LY ETTICIENCY Versus year

Sunpower L ¥ 2 — L O &) O % 7 capone e | [P

T A%kb, BV a— LR OE O *' NN \

ChHV ., EbRDBEALDROM ERBET - //// /ﬂ((

B 2%, il dl ST M 0 i i O = 2 AL O Eol- i

RN SN, B, NSV =/ 5 f/tf/

SPERAIRLS. 6% &AL L, 15 R 12, B o [

HRBEEDEEEIRAT, Uy —T b2 |

2 A% EEB L, WNTWD, FEMIE, - dm e e W w0 we

TREOFEROEEZH INTZ W, X 25 THREY =2 —/LE X RSunpower
WMEa— Lo EOHR (Dr. R.
Swanson#z fit)
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Sunpower % . 26127 Lo, HERIcn®*BE LDy J aLZ 7 hEALT, FhE
25.0% (Voc=730. 3mV, Jsc=41.22mA/cm?, FF=82.96% 3 X O"Voc=725. 6mV. Jsc=41. 53mA/cm?,
FF=82.84%) Z#FEIH L., W TWDH, FEMELEET, M2 7TIZRT LI, 50FEEY 2
— /L% B 5 L 7= Sunpower ® L #ﬂﬁ%fn)l SN, FEEOH T, X7 VT T 2ADHEHME
DR S Tz,

SunPower 25 % IBC cell efficiency
Wednesday, 11:00, Mile High Ballroom 1EF

Two external

High L ifetime Silicon Front Suriace Fieid
measurements of 25 %. W,@ﬂw, o o iahaten
Both tested at Fraunhofer ~  AfAASAAAAAAs AOAAAAAAAAASAANAAA
ISE cal-lab. Si-n-type
SunPower Gen Il process. e o i —

Improved Emitter / \
Recombination
Cptimized Diffusions Rear Dielectric
Optimized for Fasshvaian
121 cm2 (ap) 7303 41.22 82.96 % 25.0%  January 2014
121 cm2 (ap) 725.6 41.53 82.84 % 25.0% Feb 2014,
DLAR

2 6 Sunpower®FNE25. 0% DNy 7 a7 NeI)LOREE L Bt
(Dr. R. Swanson#fit)

Thermal eyeling Damp Heat
1% 105% T
SunPower
100% e SunPowaer
""'\A' ol - X21
L W = E20 - . E20
g E19 _ u\’\\/\ = E19
a6% L
® | Various front-contact i
2009-2010 vintages™ Various front-contact
9% 2009-2010 vintages™
0% +

o 500 1000 1500 2000 2500 0 1000 2000 3000 4000 5000 6000 000 6000
Numbaer of Cycles Hours of Damp Heat Exposare

Humidity Freeze
Loz SunPower

100% ——r -— 21
% « E20
96% =kl
H
5 9%
7%
Aok
EB%
ag% L *Koehl, Michae!, et. al. “PV Reliability: Accelerated Aging Tests
o 50 100 150 200 250 300 and Modeling of m Fraunhofer ISE and TUV
Numiber of Cycles Rheinland. mamwmw

2010.

27 EFYa—/LOfEfEMM E (Dr. R. Swansonf k)
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FEmSIKBEMBS L OE Y 2 — 045 %O FPEN, ITRPV (International Technology
Roadmap for Photovoltaic) = — R~ > FIZEESW T, fEamd 72 STz, 201340 520244 2 b7 5k
VNI E (22%—26%)  J1—7 v A& (137~150 u m—100~120 . m) . 7 = NE{KIK (160~200
um—25~130um) . X7 NI TAEY 2—)b (2% —60%) &7 L —ALLAEY 22—/ (1%—20%)
DR AT MMk ($1.4/W—3$0.824/W) L EES) =2 A K (1000kWh/kWp T, 111t FkWh—6.5
T RMKWh) | ZREREAENTZ, £ 5L, ITRPVFRE RS a X vy F U 4 & Dtk iR
T, 2020 F TIZ, BV 22— /b3 A RS0 46/WAFEBT I LTRSS TS, 2B, B— K
~ v ZTTRPVD20144ERUIE, www. itrpv. net CTAT-CTE %, GTM RESEARCH® “PV TECHNOLOGY AND COST
OUTLOOK, 2013-2017” {2 LAUT, 201 T4EE Tlz, BV a—/ a2 M, $0.36/WIZ FA5 &R THY .,
Feffrm £60%., OTEFES22%, A —NT v F1T%, RUSi 1% &, Fifim Lo RITREVE 2
TWa,

BZIZ, fEmSiKEmB IO 2 — 2B LT, K2 81T Loz, A% NS EmEH
iz Rl T, iz,

#5 ITMRPVPHEELELZaX T VAol (ITRPVE— K~ v )

o6/ | 12/ | 12/ | 12/ | 12/ | 12/ | 12/ | 12/ | 12/ | 121 | 12/ | 12/
2012 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2020 | 2021 | 2023 | 2024

Cum. volume shipped (GW) 92 | 110 | 150 | 200 | 260 | 320 | 380 | 440 | 560 | 630 @ 770 | 850

Avg. Wp increase 4th edition

(period to period) 2% | 4% - 4% - 6% - 7% - 7%
Cost reduction 4th edition . N . ) ) )
(period to period) 1% | 5% - 3% - 10% - 10% - 10%
Cost trend 4th edition 0.83 | 0.80 | 0.73 i 067 i 055 ] 045 ] 0.38

(Scenario 3) ($/Wp)
Avg. Wp increase . _ 3%

, _ % _ o _ o _ o
(period to period) 3% 3 <% 5% 5%
Cost reduction 6% | 6% - 8% - 10% - 10% - 10%
(period to period)

ITRPV cost trend 083|073 /064 058 - |052| - |045 - |038 - |033

Table 3: Comparisan of different cost scenarios based on the actual ITRPV predictions.

Opportunities and Issues Going Forward

* Ingot

— Continuous CZ, larger ingots, FBR, mono-like
* Kerf-less wafering

— Spalling, epi, laser damage, implant damage
* Thinner wafers

— Diamond wire sawing, thin wafer handling
* New cell structures

— N-type, IBC, HIT, PERC-like, top-cell, thin wafer concepts, copper
metalization

* Passivation

— Al,0,, selective contacts
+  New module concepts

— Glass-glass, frameless, integrated backplane, bifacial, microinverters
* Improved reliability

— Improved failure prediction, Cell cracking, PID, interconnects,
encapsulants—=50 year module

* Reduced CapEx and improved ROIC

28 AH%OHMET X EEHEIN (Dr. R. Swansonfz fit)
(2) K. Masuko® (»XF Y = 7). ”Achievement of more than 25% conversion efficiency

with crystalline silicon heterojunction solar cell” & & L T, {55 & #h#25.6% DLate News
¥FKEITHoTZ, T FE T, UNSWOPERLE /v ([ fEdcm?) D %hE25.0% (Voc=706mV
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Jsc=42. TmA/cm®, FF=82.83%) WA EIZ -7-3, 1IEEREV ICEHEZB Y Fx, R %
WO, e, 98 umED101. 8em*D~F a4 (HIT) &L T#hE24. 7% (Voe=750mV,
Jsc=39.5mA/cm?, FF=83.2%) Z#EK L T\ 5, Ny I X—v a3 VR EHEALFEIZLD

T OB B EE E Voe=T50mVAS L L T\ 5, 24. T% B /L OS2 S, Rl EMIZ

KXoy —F—#H, XEa-SiCTCOOWINIEIZ X 5 B RNBKE0%, HitEHKK23%.
BHBEHITD > TS, A, K2 9IZR-T Lo, X"y zary s MMEdEowEHH
ZIEn0, REOY v — F—HONRINBORB AL Zho7c, aSiEDOREX—=7 K
E*ﬁﬁmﬂﬁbin7Fm7Lﬂffﬁ/?liéﬁMmM%D%@%E&Wﬂﬂ& Z Rt
L7 M3 0IICRT LoHIT, Kha-Sie TCODWINBIRRIZ L 2EE RO EFHROK
T, EEHBEBOY Y — F—HOMBEICLVIEVWEER TORI% O EFRROLEND TN
HAv, T7T% OB ROIEFN T v, Jscm B2 o7,

o-8i (CZ, n-type, textured)

I-type a-Si (~10 nm)
O i: n-type a-Si (~10 nm)
\"p-type a-Si (~10 nm)

Grid electrode (~40 pm)

Passivation layer

Figure 1: Structure of crystalline silicon heterojunction solar cell ! -~ --24.7%(2013)
with interdigitated back contact » ——25.6%(2014)
29 ~TuEANyITarHr bt 0
LD FER (K. Masuko et al, Proc. 40" IEEE B peenghiom
PVSC (to be pu blish ed)) Figure 3: EQE spectra of solar cells with efficiency of 24.7% (dashed

line) and 25.6% (solid line)
X 30 24.7% %/ EA5ED25.6% DI

ST B 18 ieat |michsbedl peanl RES-08-50 WE 2R o ki (K. Masuko et al, Proc.
40" IEEE PVSC (to be published))
#6 24.7% &/ EASEID25. 6% DKEE
O i (K. Masuko et al, Proc. 40" IEEE
PVSC (to be published))
Table 1: Progress in cell parameters
" I‘ ‘ Year 2013 2014 | Improvement
AIsT Area [om?] 1018 | 1437
Figure 2: I-V characteristics of 25.6% efficiency solar cell at .
research level (certified by AIST) Thickness [um] 98 150
3 1 ﬁﬁaﬁ’j4—25 6%@/\7‘1'—7@ Voe [V] 0.750 0.740 -1.3%
ARy T ars Ry NEAOI-VEE Jsc [mAvocm?] 395 41.8 +5.8%
(K. Masuko et al, Proc. 40" IEEE PVSC (to FF. [%] 83.2 827 -0.6%
be published)) Eq [%] 247 | 258 +3.6%

3 1 HREEZKR2.6%D~TaHES Ny 7 a2 7 b LOI-VEMEZ 774,150

mE D143, Tem* D ~T O S NRNy 7 a % 7 +Si (CZEEEn-Si) BT, 21FE25.6%
(Voc 740mV, Jsc=41. 8mA/cm?, FF=82. 7%) Ot F ik m WA ER S /-, £ 6 121%. 24. 6%
T L S EID25.6% DDA RT, 24. T% BT H~NT, VoeA 1. 3%, FF230.6% T
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Mo T=MMN, Tscldb. 8% hFE XL, L3, 6% DM FIZO N o7, Zh=R26%LL oM
AREE AT,

(3) J. Nakamura® (v —7) 1%, “Development of heterojunction back contact Si solar
cells? L T, HARE ORI %ICEATLIREEELERE L, ~T ey r7arH
7 K~ (HBC) E/VIX, 25% L EomahFbx ER TE2BE L HIFRIND, Ny T ar gy
FBOMEIZEY  REEMD Y v — F—HEOHIIZ LD ®EIse . ~T B#EAIZ LD,
BifeRimi Ny v _X—2 a3 IZLDEVoeMAIRETH H, ¥ ¥ — 7 Tlk, 200345, BC
A OBIERBE ARG L, 20114ENLL | EEZHBL TS, M3 2%, HBCE LV OHIE %
R, CZEEn-Si(100) ER &2 Wiz, X, 7B VABIZ XL BT 7 AF ¥ Bk, il
7V == 7 D%, PE-CVDZ I\ iza-SiEHER AN R S D, a-Si/c-Siftm i, a-Sifg D
NWE == I LT, Mt S, T-VEMHEHEIZ X, 3 3T/ F, SMT
(Surface-Mount Technology) ZZ"HW L7z, K3 41X, HBCE AL DOI-VEHEZRT, £6
\Z1X, HBCHEEE L O FsEZ R T, 2h#25.1% (Voc=736mV, Jsc=41.7mA/cm?, FF=81.9% .
Voc=729mV, Jsc=42.0mA/cm*, FF=82.0%) NHELNTW5DH, I bR 5 @mBhHElIL, e L

fEATE,

Electrode Front
surface

L
a-Si:H(1) a-Si:H(i)
a-Si:H(p) a-Si:H(n) a-SiH
contact electrode Lavers
Fig. 1. Structure of HBC cell. . - o
3 2  HBCE L oKX (J. Nakamura et al, Printed-wiring board Wiring line
Proc. 40" IEEE PVSC (to be published)) Fig. 2. Schematic configuration of SMT concept.

3 3 SMT (Surface-Mount Technology)
» =&~ ~ (J. Nakamura et al, Proc. 40"
IEEE PVSC (to be published))

=V CURVE

IECHOS04.1/2006, IS B 132005,443 T150? FS5200A

CURRENT

B B &
]

oo

#£7 HBCHEEE LM (J. Nakamura
et al, Proc. 40™ IEEE PVSC (to be
published))

SPECIFICPOWER [mW/crv]

POWER

CURRENT DENSITY [mAfem?]
B R OB BB B

Table I
IV parameters of the HBC structure cell
No. J (mA/em?2) Voe(mV) F.F. Efficiencv(%)

03 o0& o5 06 07 08
VOLTAGE [V]

1 41.7 736 0.819 251
Fig. 3. IV curve of the HBC structure cell. 2 42.0 729 0.820 251
Note. Aperture area: 19.3mm x 19.3mm (3.713cm?).
34 HBCEADI-VEM (J. Nakamura Measured at AM1.5, 1000W/nr’, 25°C by JET
et al, Proc. 40™ IEEE PVSC (to be
published))
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5.6 7EWLIFR, T/ /AU OKRBBES I KIZEEMDEF

(1) J.Linb GR{=v7Z7 hmy) X, “Blazing new paths to high efficiency amorphous silicon
based solar modules” LB L T, YL —F UiEM 21T o 72, #BISi PVIZ, KBIPVIZE L
ELbOLELTHHEINTORRE ESOPVHBORAMARKREICHIETERLS 2>TWS,
ML, FoFTo < »ERn b ek, 2 X MERTH D, #EIKSi KW E I
FOREV2a—VOBRBHE SN, £8IT, EmFa-SiBIL Ny ¢ —SiHEKESIHEEAKX
B EDORET —Z 2T, a-Sik, pe-Sit A OREZEMDRIT, len*RED
INHFEELT, K4, 10.11%., 10.97% T, AISTIZ L %, Kanekalf. a-Si/uc-Si2#A& ¥
VT A O/NEREE L (0.962em?) BT E Y 2 — L (14, 23en?) DL ECBI R K & 12.3%.
L1 7% Z LART, B L TV D /NEFR T /L O e K EALZh 5 1%, EPFLIC X £ 12.6% TH 5,
Hanenergyld, a-Si/puc-Si2#EH ¥ 7 A D1245mmx635mmE ¥ = — /L O P Zh % 12. 8%,
RENFEIL 1% % FEH L TWbH, TELIX, 1100mmx1300mmE ¥ = — /LT, ZEAZH1L. 7%
ZEMLTEY, 12%UEbARET, HHR1B% BHFHFTE DL LT D,

K8 mAHTaSiBLTPp c —Si ¥ ST HEES KBEMFILEORET —F

Jsc (mA/cm?) Voc (mV) | FF (%) | #h3 (%) B B
a-Si 16.15 906 69.5 10.11 AIST
a-Si 16.75 886 67.8 10.10 TEL Solar
u C-Si 27.44 542 73.8 10.97 AIST
u C-Si 26.55 549 73.3 10.69 EPFL

a-SiE AL OHIE LN ¥ v v T OK#EL, ARa—FT 4 7, RET 7 AF v —X
light trapping, HHE KA, EHHEERO N RILIH . HERm L (& E)EIPCVD-Zn0)
RTIA TV N T TRAT I AF v IZET Mmooz, mAL—7> FG5D
VHF-CVDZL & B 38 (AR # A 2. 3nm/sec T, uniformity< £8.5%) b I, TELIZ.
a-Si/uc-Si2 A% 7 A D1100mnx1300mmE ¥ = — /LT, LEMDRIL. T% % ER L T
BY, 12% EHLARET, BR13% L WFHFETEDELTCVD, BE., ZEMEHEI.5%D
IBIWE Y 2 — VN AEESNTWDER, BEADRILT%, 12.4%, 13.1% T, K~ A
167W, 177W, 188WO KM NEY =2 — LV OEFENR AR E LTS, Y, roof-tile/p &,
roof-topMi¥h, V— AN —F TP a2a—NLZHEAMNRELTWVDLEDHETH D,

MBI, BV 2 —VOREFEIS%LL B, CVDa 2 MR, AL —7 > k| yield |
a-SiD Nk, 72 Th D,

5.6 ARXKEENSE .

J. Nelson® (Imperial College) 1%, “Tackling the performance limits of organic heterojunction solar
cells? LEEL T, b —F Uik zITo 72, AERKRBEMIL, KRufElb, 7vF 70,
BT TN, KA MEDOR M EAET D, I OOLEDIE, AR KB ~OELEH L E
FTnWad, LrL, AEKEBERIZ, EoFY) I~v— KU v — ORI R HEE, (K
BEE, RIEBEICEVIEDETHY, "o ~T7afEs B]T) RF T LMEOT7 7 a—
FRAENTHD, THET, ZZPFT, B TFRTHRINPEZERL T 5, Heliatek
T, AHERZ 7 A TEIHEL0. 7%, UCLA/MERAL AL, Sy 122 7 L THHE0.6% & 3E

21



BRLTWA, AT, Eg/q-Voc=0.4~0.5VEN, A#FE TiL. [KEg%k T. Eg/q-Voc=
0.7V, MEgR T, Eg/qVoc=1Ve, K&, @FEOEF LLR> TS,

BhHE20% DA HEME D B D A, K11 % F2

EORWTH D, sh¥m LEo-dizix, R Highlights Area 6
RERNZHMRT DL ENEETH D, KB ‘Organic Photovoltaics’

*  10.6% solar efficiency in single junction polymer-fullerene OPV (A,

@J E N ilé ~ Z\‘ _ :‘) ){ :/ ]\ N *d‘ *;" A @ F‘ b to Facchetti, Northwestern Univ/Palyera)
N i .~ N ol g +  Mere than 15% perovskite solar cell efficiency (Md. Nazeeruddin, EPFL)
‘/ 7 %’*%j& > éﬁ:% ‘I\i ) %ﬁ [/ é 75) % 5 o yj‘] ﬁ *  Over 20% indoor OPV efficiency (K. Knops, imec)

* Interesting session about manufacturing (IMEC, Holst Centre, Solarmer)

EET DI, v U T AR, B
B, v ) 7L, Sy U 7T HEHEABEN
ki R (W

oMz, SEONNL T4 8 (K35)
I,

X35 U760, 474k (Dr.A.
Reinders#z fit)

5.7 FHHAKEGEMGE
5.30 TTIT—VIE{bLEME LB X OENRKGEM D] OMEL X OEFEDONNAL T 14 b
(M36) 2z,

Highlights Area 7

‘Space Technologies’

+ Anumber of joint sessions with Area 1, 3, and 4 were successfully held.
+  Studies on growth of -V on Si (GaP, GaAs, GaAsP, GaPN...) for multi-

juncton solar cells for space application has resumed.

+ InGaP/GaAs/InGaAs IMM triple-junction solar cells with high
efficiency of 37.9% (AM1.5G) have been attained. The cell
structure is optimized to improve radiation resistance for
space use (Takamoto, SHARP).

+  Newly developed flexible thin-film IMM-3) space cells were
demonstrated by FTSCE-ll, and also solar array sheets using
the IMM-3] cells are being demonstrated by HISAKIL

36 U7 7D, {474 b (Dr. A. Reindersfizfit)

58 ¥ 304 )E—3a3r:

B. Michi® (FhG-ISE) %, ” Luminescence imaging for quantitative solar cell analysis” & &
LT, Yv—FT UREEITo7c, >V a2 KEEMM, ffid, T a2—LOMERER
REERMBE T, 74 PV I Xy X (PL) BIRHEHFIZHEDILDL L DI >TWD, K
TIE. Z/EASIRBEM 2 FIZ LT, HEMITICPLEA A - 7RINBANTH L Z &
RLTWD, OV FEGHEE (R30% D K) OMHTIZIL, PLA A=Y ZRFE T,
AL AT =T VR (Fe;, BO;, Cr;y, 0;) DA A=Y ZIZHHEMT, N7 Fx V7T FHam
RKGEMNFELEOME bR INATWD, £, B, 2280/MMESL F—0 | (&
HE) ORBELBREINATWD, @QFKHEHFHAGEE (K20%0HEKR) OMITIZIE, BRI
X, mEFRE, WRKAFPL, FS/BSIE (RhdbB L OEEAL) 25, FOLRMX, =17 K
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B IRyt A (EL) /PLA A=V 7 IEAMKFMEZ, famEREE], A A -V 7
W, HWBRTWD, AEl, FS/BSIENRRI S iz, KR v U 7 FFm A i C ekl X 4,
Cz-SiREHEMSIOFRM, BRHFMHGHENRD LN TVD, @XHEEX (KI0%DHEK) D
fREMTIZ 1. spectrally resolved light-beam induced current (SR-LBIC) EXNHA W& i,
AR EMBEE Jse~x vy B IR an, I-VEHICE 2okt st T 5, @OES
EHIRsHEH L (5% DHEK) ONTIZIE, PLA A=Y IR HVWL, Rsv v B 7 LIS
i~y B 7ncE, iR FFFERICERI N TN D, [-VEENL R E LFFEEBS IO
PHEBR BRI TWS, @Y v MEK (5% DHEK) OMHTIZIEL, dark lock-in
thermography (DLIT) ZHWH L, FEx OEETODLITA A —2 L FETI-VEENHE L 1
LB EVoc kB K OFF~ v B 7 L OHBA R I N TWn D, R TCOHKZFMT 5%
RITIEIF RV i x oBKEFHET S (GEeR) iDL LA,
ZOMIE, KFEONALTA P (K3 7) 2ZBINLE0,

Highlights Area 8
‘Characterization methods’

+ Luminescent imaging methods are being used extensively to understand
quantitatively the spatially resolved recombination, shunt and series. Losses
in cells and modules. (Bernard Michl, FhG-I5E and others in oral sessions)

* The efficiency is significantly overestimated for current matched concentrator
cells if the the spectrum of the light is not adjusted. The impact on a standard
CPV simulator is to make a 42% cell measure above 44% even with no error in
the current. (Osterwald, NREL)

* A new word "Carrierographic” was invented (Melnikov)

59 EDa—ILH9E
ZHEONATA B (K3 8) Iz,
Highlights Area 9
‘PV Modules and Manufacturing’

* PV Module Temperature Model: First Solar (Billy Hayes) presented a time-
dependent model that significantly increases the prediction accuracy of
annual energy

+ Characterization: Brian Zaharatos (CO School of Mines) presented a new
powerful method to estimate parameters from noisy |-V Curves:

+ First Chinese Session: One presentation on requirements for quality
improvenments of EVA (Zhou Shudong) was done in Chinese with
translation to English (on stage) provided by Yang Yang

+  Power electronics (Micro-inverters, module-level power optimizers and
sub-module string MMPT) are making their way into the market, Chris
Deline (NREL), Timothy Peshek (Case Western Uni), Mika Nuotio
(Empower)

38 T UT 9D/ A T4 (Dr. A. Reinderstzfit)
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5.10 PV AT A4 H -
DHEONATA R (K39) ZBWENTZ,

Highlights Area 10
‘PV Systems and Applications’

+  An exhaustive FMEA study of PV system dc fault modes and mitigation techniques
revealed the best approaches for ensuring that faults don’t become fires. (Mark Albers,
SunPower)

*  Larry Kazmerski wow-ed the audience with personal videos of dust storms and the impact
of soil/dust accumulation in the Middle East (primarily the Kingdom of Saudi Arabia). Soil
accumulation rates can top 10% in a month (Larry Kazmerski, NREL)

* Sandia lab is providing crucially needed insights in DC arc-fault detection, which is
required by certain codes but plagued with issues in the field. (Ken Armijo and Ben Yang,
Sandia National Labs)

+ A new draft standard addressing the complex task of system energy performance testing
was presented along with a PV power plant case study (Sarah Kurtz, NREL)

+  Unique utility curtailment strategies and insightful results from high penetration solar in
Tucson AZ. (Daniel Cormode, University of AZ)

+  Great progress in PV power forecasting was shown by several presenters (SMUD,
University of AZ)

* Area 10's student paper award winner demonstrated an open source PV system model
(PV_LIB) with powerful visualization tools and flexibility. It holds great potential for
expanded capabilities based on user input. (Rob Andrews, Calama Consulting Inc,)

39 x=U7 10D, A4 k(Dr. A. Reinderstzfik)

511 MHEBLUBERRF :
(1) G.Uozumi® (NEDO, #H T.K) X, 7 Overview of research and development projects
for solar cells in Japan” & #H L T, NEDOD KFGEMAMERE 7 o= 7 FOMEIZE L T
M Z1T > 7=, NEDOOBEZE | WFZERHFIC 1T ZNEDOD &R E 2k ~7=% . KBt E TS o
WX, FEOZE., FiC, MERBEOMEALETH D L7z, K401, 7—
ZEEWA, FEEICBT S RKBAEEOHFEEL LORHEAR L XEOPVEKO TH
(e E A ET) L OMEZRT, PVOTIGIEREPVICE T 2EE TRIX. BRFEE
WZH, MGBIHEKREDICIE, EOXENPELELELETHY , HFEBAEBO I 672 D HHEN
METHD, RIEBBIOREEN., HARICBITAPVEXDERSCHBIEKICEBKL TR
V. 19904FELIR, PV R M iE, AEICEBE L. 20134EEICIE, REHE A 13 66WICEIZE L
TW5,

Correlation between PV budget and PV system installation

[ Installation volume ] 100001

(O Annual (in 2006) o
@ Cumulative (1996 -2006) ()

2
g
N
®

[ Country ]

(1) Germany

(2) Japan

(3)usa

(4) Italy

(5) France

(6) Netherlands

(7) Australia

(8) Korea

(9) United Kingdom ; ®

(10) Swiss 10 100 1000 10000
PV Budget (SM)

£
@

PV Installaticn capacity [MW)
=
=]

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. Schiegl J. Luther and A. Blakers. ISPRE Report (ICSU) .
40 FEECIBITDLZ2KEBLEEREOHRFEL LOREEAR L AEOPVELO FHE
(WFFEBAZE 2 &) & OB (Prof. M. Yamaguchifg fit)
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NEDOD K[ 38 BB ELMT B 7 DM Z A B Shvic, K4 112, &K E M O &k m 2
BOELEEBLAARAOREITOEWMZ™RT, NEDOO Y2 ¥ =27 F T, ¥Yv¥— 7O
InGaP/GaAs/InGaAs 3 # G/ DEN T TORNFE44. 4%, FEN T TOHEIT. 9%, > ¥ —
FOFEST HBBTE L D25, 1%, Y —F—7 a5 47 DOCISENL, W TEY 2 —/LTD
WHE20.9% ., 17.8% ., ¥ — 7 OM@BEWK YL L T11.9% ., FERFO uc-Sit LB Lk Wa-Si
AT, Fx, 10.97%., 10.11% 70 E, HEREESDIED 5 WITE MO ENENES L T
WA, 2D N F Y =y 7 OREEEST HBTE L DR #25. 6% . —ZbFOHKELD11. 1%,
e ﬁﬁﬂilﬂj%@’i’iﬁib AARIZ. B0 CHAKSOEKTNEZALTVDLEF R D,

% Best efficiency chart of various solar cells (nvepo

Best Research-Cell Efficiencies IZINREL
50

ral, monolthic)  Thin-Film Technologies
48—

.:. 44.4%
u Y 3-J Conc
s (Sharp)
40~ 0O
sin 37.9%
B o
Crmte (Sharp)
—~ 32~ B Singie crystal {concentraior)
g T Mt d 25.6%
|- @ ThickSifilm .
g‘ e 5 %wm:e:\;mnmmsml'w e HBC °
.% al (Pana)
& |
ML 20.9%
CIGS
16 (SF)
- 11.9%
e
8- (Sharp)

ILlllll L|1||111||
2015

(http Hivww.nrel govIncpvllmages.fefflmency_chan .1Pg)

ol_1 o 1 11|
1975 1880 1985 1990

Hetero-Junction Back-Contact (HBC) crystal Si solar cell with world’s highest conversion efficiency of
25.6% was developed by Panasonic in February 2014 (Not current NEDO project)

K Masuko, M Shigematsu, T Hashiguchi, D Fujishima, S Okamoto, et al June 10 17:00- (Oral No. 191) I

Japanese contributions are marked as Japanese flag III

Japan has contributed to raise conversion efficiency
41 HBFERKGEMORSGERDEOLEEL BAORKEDOER (Mr. G. Uozumiffit)

Highlights Area 11
‘PV Deployment’

* Actual results of interconnection applications showed that high voltage
was less an issue thanhigh number of distribution protection mitigation
strategies that were required for many PV systems (Jlimmy Quiroz, Sandia)

+ New testing procedures and techniques for evaluating advanced inverters

as they are expected to operate in future PV systems: |EEE 1547.1 and
UL1741(Andy Hoke, NREL)

X142 U7 11D, 474 bk (Dr. A. Reinderstfit)
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oMz, SO TA L (K42) 2RIV,

5.12 EEMPF
DHEONATAF (K43) 2BRENT,

Highlights Area 12
‘PV Reliability’

“Bankability" is a term created by the solar industry, and
is very important to continued investment in PV.
Deutsche Bank's requirements give confidence for the
the first couple of years of deployment. A key
requirement is < 0.5% of modules with hot spots showing
> 10 K temperature differences when viewed at
illuminations > 800 W/m?. (Felix Holz, Deutsche Bank)

PID in CdTe modules was characterized as cell shunting
across the P1 scribe. It was recommended that the CdS
and absorber not be placed in the P1 scribe. (Michelle
Propst, Pearl Laboratories)

Data from almost 50,000 PV systems showed that the
vast majority (90%) of the systems performed within 90%
of what was estimated. The most frequent causes of low
performance included grid connectivity issues and
construction delays. (Dirk Jordan, NREL)

43 U7 120,474 k(Dr. A. Reinders#z fit)

6. =M@

15FEREVIC, NP Y=w 7 BIRy vy —7 0, KSiKEEMO R e 2R 2 T
L, 20O TH, @R ERL, BV EXRsTEEEOHMS ThHho72, L,
SHBOKGHEEORBESLHGBIEROLZOIIE, M4 0T L2112, %72, HoX
BRLELS 25, KEBEMSCKEGERBEOE MWL, K2 X Me, EHEMLORNICH
D, HINHBO S S22 {L EFEFEERLETHDL, =\, M4 1IZRT 512, 46
D ¥ — 7 DInGaP/GaAs/InGaAs 3 A /L DEN T TORFTRLL. 4%, FEN T TOHE
37.9% ., RFV=w I/ BIRN Yy —FDOREMST HBBTE L DX E25.6%., 25.1%, Y —F—7
07 4 7 DOCIGSEN, T EY 2 — /L TOHE20.9%., 17.8%., v — 7 OAFHE KLY
ND1L.9% ., ZELFORKEELDIL 1%, 2L, WREEELERL., ARIX, &0
BFCHRARSOEINNEZA L TNWDEE R D, FREE (HRPESE) . NEDOAHEME L TE 7PV
BT AR BOBRELES 2D, 4%IE,. R Swanson® 7' L —F VIR I N T WD
X 912, GIMRESEARCH® “PV TECHNOLOGY AND COST OUTLOOK, 2013-2017” (= LA, 201745 % Tl
FVa—/L3AME, $0.36/WIC T35 & ATERY ., Hiiin 160%, MoH-Mm2%, A7 —1VT v
T17%., BFVSi 1% &, Hififm LTI RENELTEY, HIFREN, KBEEREY 2 — b
BLXORVATLAOEK A MUIZHLEDTHY, LT ¥y X THELT, RENT, B
TORELFTHET DN H A 5,

201146 A, X KRG HHEICHEHT 5 HROILFRPFEFH B DB ED . KK TOE
KK E AT LOEBEERFRBINTEY, DBREICB T 28&EEKREE
M-MELENEY 2V BRLOV AT ACHET M AERABOFRRILOR VS LA D,
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TV 2= LRV AT ADOFEEESCA~Y— U v K, REOLENL, 7T T4 AT
v &, VAT AMAEMRBOBIELLETHY, BEFHISHASCEEMNHA LM CTE, B
HEAFIEERFE & [FERIC, B RILFEMFZER R L WI/H L2 v,

A - AFRRIE, EROGBEMEICHREN S, BBIZZONI 0 ERHAD, Z0D5
b, A=A T ¥y N TORMBEZERFEFLEZV,

W8l D 41% |EEE PVSClE, PVSEC-24, 30" EU-PVSECO AR EZ#HETH 5 [ H6[E KW L3
EHR 2] (WCPEC-6) & LT, 20144E11H23H0 ~27H ., H#EEKEESHES T, BHETE
Th b, £7-. 42" IEEE PVSCIZ. 2015426 14H ~20H . New Orleans TR T & Tdh 5.,
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