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(1) H.J. Bolink® (Univ. Valencia)
1. “High Perormance Perovskite Based
Solar Cells” L T, 'L —7F U ik
AT oTlz, wlt, ~wa 7 A A KE
MR Ny 7 A&7 £ OWIEE,
BIFENRB AL TS, 1839FE0r v T
DI FHE LD A I L7z Calcium
TitanatelZfXFEFEINLHIXa T A A D
i A AR O AR I O % . BB (DMF) T o
CH;NH,I+PbHI, (PbC13) DR 7 v & & —.
B [ H#E FE 75 . dual-source thermal
evaporation’p & DK HFIEN I S
oo AH., "7 AHA MKEEMIZH
W B AT U B CHNH,Ph IS . 1. 55eV D i
BEBHONY FX Yy v T2/ 5, /D
fl ARSI TE 8 L D E R v U TR ER (100
~1000nm) ZFF L, @IEWIIEE (GaAs
(A WIER IR ED) | E e . BENE (B

F7.5cm?/Vs, IFEF.12.5~66cm?/Vs) 72 &
OYPEIZ DN T HIRX Bz, 200940
BHH3. 8% D AT D19, 3% DK &
T DOBFZEB T DR BB B NS T,
30
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Year

M4 Xa7 204 ~KEEROER)FE
b D 2538 & fth D K5 3 it D 2h 28 25 3%
(AN TA

Dr. A. Jaeger-Waldau#z fit)

Blaiz, "uy 7204 FKRGEMO®EDFOEEZ R, 200912, BRHD 7L
— 7N, AFEEEKEEM Osensitizer& LT, CH,NH,PbI, ZE A L, %33, 8% &2 #7-D
NP TH5D (A. Kojima et al., J. Am. Chem, Soc. 131, 6050 (2009).) , X 5i21%,
BRI TWERXa 7204 NKGEMOHEER Z/RT, X 5allr3 L 52, mesoporous
SR E LT, Tio,DfRb Iz, ALOBIEEINTWVD A, EFRIFER I TR
VN, 45 bIZ 7R 3 CHNH, P I,/ Ti0 4838 Tldk, 203 12. 8% 254F & 41, 1000W7 [ D light-soaking
testX°85°C. 85% D 1000 O mEMERBE CTL, ZELDOHETH D (A Mei et al.,
Science 345, 295(2014)) , W 5cHF L —FHE LB SN TWD, Graetzel D 7 )L —
ZiE. EI5.45% %5 T 5D (J. Burschka et al., Nature 499, 316 (2013).) ., = ®
% . Seok® Z ) — 1%, #hR17.9% N FEE L (N. Jeon et al., Nature Mater. 13, 897
(2014).) . fiE, UICLAD Z v — 713, 9 #19.3% % B TWbH L DHETH S (Y. Yanget al.,
Science 345, 542 (2014).) , #REHIZ, e 7 UV v AR EORLZEN, KELZEL Lz
G OEIKRIMICE2MHRE KT RETH D,



Perovskite

AlLO,

HTM

Compact TiO, layer
TCO

Back contact

E0RECN

Glass substrate (front contact)

Perovskite

TiO,

HTM

Compact TiO, layer
TCO

Back contact

EonEnn

Glass substrate (front contact)

Perovskite

HTM

Compact TiO, layer
TCO

Back contact

ponnmn

Glass substrate (front contact)

a, 'Meso-superstructured’ PSC employing a film of Al,O; nanocrystals covered with a conformal
overlayer of CH;NH;Pbl; perovskite. The latter acts as a light harvester as well as an electron conductor.
b, Nanocomposite embodiment of a PSC where the mesoscopic TiO, scaffold is infiltrated by the
perovskite. The perovskite assumes the dual role of light absorber and hole conductor. The structure is
akin to p-i—-n solar cells. ¢, Cross-section of a planar heterojunction solar cell lacking the TiO,
mesoporous scaffold.

5 MEINTWAHEXa T 24 b KIGEMDHEER (M. Graetel, Nature Materials 13,
838 (2014))

(2) J.C. Goldschmidt® (FhG-ISE) iX. ” Record Efficient Upconverter Solar Cell

Devices” L LT, 7 v 7 arv "=y a VIZET 27 —F V#EEET T2, Ty a2
N—=Va i, BEELEEZEBTIDICEITHD, Ty Xar"N—=Var 7ot ARH
MENTZH, 19964ED = )L B A K —FGahst L Dk A (Er®, Yb*'IZ X B 8h32. 5% 1Y) |
20074E D B -NaYF,:20%Er®" K — FbifacialfifaSit /L (3. 4%H) NN ENT-, FH
LORRESLHE ENT-, Bifacial figuSit /L /T v Far "—T g @ (B -NaY,Fy: 30%
Er3") /74 b=y 7 fimiER ERRETIN TS, 10f54EY T, 0. 2mA/ cm® D 7 it HY
WZxt LT, 5545 TIE. AmA/cm® D IEMMIREMEZ R, FEENK, 9AFHENL T, &K~
L. 2mA/cm?®, 17mA/cm* O ERBE HHE LN TWD, I, 0.5~4% DEBERHEMTHY . =
A MERREBBETH A 5,

(3) Z.J. Bennett® (ECN) iX. ” Integrated Approach to Crystalline Si=PV Module”



CELT, Yv—FVHEEHE T T, A7 0%, 9HI4HIZ, KB EREOREEARED
1GWIZE L=, PV 27 A3 A2 P ORJICIT, BOST A MERE, £V 2—/ba X MER, &
MBI OREY2—LoEERt, SEEEMRLETHDL, B EVa—La X MO
BIZET, 227 My (7 4 o0 —Em, NAN— solderfi7z &) 12O\ THGE %
HDHTWDH, 6T EHlc, FRSIiKEEBEBMET Y 2 —LiX, G b HFmicdH o,
M7IRmT o, Rvravd 78, ~TaEGELOY 2T BRM2 52 LR TPRI
L5, IBC (Interdigitated Back—Contact) B IZHOWTHHNZITo7=, EAZIEKR LD §
EFEY 2 — VB OKFEIZHIT, Metal-Wrap-Through (WRT) £, I % —T 3 >, /L,
Y RU I otkE, EIRUIKB 21T 57, ECNTIX, conductive adhesive% f 7z
conductive back sheet foilZBE¥ L. IZmRT LI, fvrF¥—axrsvarkI
FvaryO—ib, AglEH ED20% KA 1300 | K= 2 MM H it A B S L 200MW L~ L
DEYa2a—VEELZAELLTVWDLEDHETH D,
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(1) M. Hermle® (FhG-ISE) 1. “Progress for Highly Efficient Solar Cells with Low
Complexity” LBEL T, EPBH LT o772, MHDIL% N, KEASITH Y . 62% 23 % Hh il
SiTh b, F7=. 90%LL EN, 5 70Al-BSFREEE /L TH Y . low complexity® m%hE
APRLEENTND, MIOIWARTELIIC, PV AT A=A ME, BOS50%, £V 2—/122%,
T12%. U 8.5%., RUSIT.5%DNRTHL, EHa A FOREBOZDITIE, &R
BEYNLVORBENEETH S, 101, mERELVOBREZRT, ZToLemEELE



HEALT, KA MEEBIINDLERN L D, UL, 1 1 IZRT A dpBSidDAL-BSF
T (3h£18.5%) TH Y . Levelized Cost of Electricity (LCOE) I%. 10— &
FKWhTH D, K1 2IZR-T Lo, BromaFibid, #F5 e r®Ea X o THA
s,

Why Going to High Efficiencies? Highly Efficient Solar Cells with Low Complexity
System costs World Record for Mono c-Si Solar Cells

B Share of Balance of ) v —
System costs (BOS) Mcgthl}Le A " . -

increases from 31 % .
in 2006 to now
about 50 %

® Large fraction of

d - . )
S e ) o B
[em?]
4

Cell
system cost scale 2% UNSW PERL p-type FZ 25.0 %
with the solar cell 50% [ i
efficiency Sunpower ,passivated contact” n-type Cz 121 25.0 %
8,5% Pacmia " BIRC
75% Wafer Sharp a-Si:H Heterojunction n-type Cz 3,72 25.1 %
v .Nakamura, IEEE BJBC
Po\y-Sl 40th PVSC 2014
> High efficient solar cells Panasonic  a-Si:H Heterojunction n-type Cz 143,7 25.6 %
K ko, I
reduces your system cost ot v 2014 BJBC
v N — = Ak %2 W e e = ] B e
B9 PVUATALIRLDONREEBE B 10 mzhaRAE SR AR (Dr.
BB O MLEM (Dr. M. Hermlef fit) M. Hermle{)

Why Going to High Efficiencies?

. . o
Why Going to High Efficiencies? Efficiency versus Cost - Other Wafer Cost

Levelized Cost of Electricity (LCOE)

i ® If we change the wafer
B What really matters are the Levelized Cost of SDE/Texture z netype Cz
Electricity (LCOE) s 202 %
= To rate new solar cell concepts, they have to be POCI diffusion g 2w p-type Cz
compared with the LCOE of the p-type mc Al-BSF Edge Isolation Price E 19.5 %
|
S$/Wafer B 0l
PSG etching p-type 0.94 'g p-type mc
m Reference system: me g 18.5%
+ Ptype o 3
p-type mc Al-BSF cell Cz E
Cell efficiency 18,5 % % n-type 1.44 =
I C; G i T T
900 KWh/KWp, 25 years SP AlAg RS z i P 2 P =
cell efficiency %]
Drying & Firing _ IS, o -
LCOE-10 €ct/kWh 12 &ERMBICLDIFEELVHIES
v Y Y
11 EAEL 2D Z A pMAL-BSFE 2 b OZAL (Dr. M. Hermleffit)

s (Dr. M. Hermleffk)

BRSSO ERE, HFEMBRIAS L E 2 —Sh7, Al-BSFE/LZPRC (Partial
Rear Contact) B/ CE EH x 121X, dielectric passivation. LCO (Local Contact
Opening) & L < IXLFC (Laser Fired Contact) D 2 A7 v 7 OBMNBNNLE L 72D, ZiEMHh
Si. CZ-SilcHWwWh D AU v MEdb D2, K1 112, @EFEpAIPRCE VO BIR R Z R T,
PRIPRCE MIC L D . Zifidh, CZ-SiT, 4. 2hF19~20%. 20~21. 5% AlREL 2 5 9,
F—HAMBAFIL, = v ¥ Lmetallization® KR TH 5, CZ-PRCENLTIL, NV T7 T4 7
ZA LDBRNRGIRERK & 72 D,

nPERT (Passivated Emitter, Rear Totally diffused) &/ IZ DWW TiX, Midiprinted
contact|Z & Hbi-facialt B/p b 3% 7 FHEWIZ X Dmono-facial® ~SDER N H 5,
Bi-facialld®/ViX, LB RIE L LT, ZHPLE. dopedH 7 AT X Hco-diffusion,
AT EANBRERD D, BFO 7o Aoz AL EEHVWiLd, Monofacial B /L IZD
WU, bifacial® /L & [E Ufront—endfi 7254 %2 . PVD rear side metallization?’, rear



side diffusion®XHEEFEOHIBEAZ KM T, EAKEIX, Fm. Emo I v X I2bix
N5, M1 212, monofacial ® & & LEnBIPERT® /L D B Z KM 2 =T, nBIPERTE L IZ LV

bifacial, monofacial T, £ % .
fELCOE ™ 7] fig
v AN, EhFEAD R REMEEH T D,

Solar Cell Concept to Close the Gap
p-Type PRC - The Evolutionary Path

[mV] l%
cm’

LFC for point contact
sl TR | 195 P. Engelhart, EUPVSEC 2011

LCO for point contact

Gintech mc 652 394 793 195 S Chion Skt Ui

Trina Cz 662 391 794 205 P. Verlinden, Silicon PV 2014

o
N

Solar- High lifetime mono material
world T | BRRE YRR | PR G. Fischer, Silicon PV 2014

Electro plated front side
AMetz, SOLMAT 120 2014

5 BB with dual print
H.Hannebauer, PSS RAL 2014
Al-Foil LFC & Ni/Cu plated

Schott Cz 665 399 80,5 21,3

ISFH Cz 661 398 80,7 21,2

ISE MCz 21,3 GridTOUCH measured
11 ®%h#FEpMPRCE /L D B F R

(Dr. M. HermlefZfit)

Solar Cell Concept to Close the Gap
n-Type Heterojunction — A “simple” cell structure

Area Comment
[em2] mV] mAJc %1

"/I
sileve 239 739 399 805 231 TYpm e
Smart wire no BB
R&R 239 736 386 813 231 GrdTOUCH measured
D Batzner, Silicon PV 2014
Choshu 239 733 373 81,8 22,3 Rear Emitter cell

J. Nakamura, nPV Workshop 2013

CEA-INES 105 730 387 788 223 3. flberon, Silicon PV 2014

c lated front grid
Kaneka a74 17380 a8 | 1,58 (W24 5 W (Coppet plated front opl

98 pm thin wafer

Panasonic 101.8 750 395 83,2 24,7 M. Taguchi, IEEE JPV 2013

13 EFEHA~TaEEELOH
FEAR ML (Dr. M. Hermle#Zfit)

BhH20~21% ., 21~22% H° A AE
PEN S 572, metallizationNFR B T 5, Monofacial

A9, bifacialld.
B LTIZ, Eg=x

Solar Cell Concept to Close the Gap
n-Type PERT — Monofacial

Front emitter configuration

Area FF
[em?] mv [mm o1 | 1o
cm

Implant and co-annealed
E5ix 5 | S | 7k ) A FKiefer et al., IEEE PVSC 2014

s 5| B S0 | ot | dud P. Verlinden, silicon PV 2014

: Implant and separate anneal
Suniva 239 658 39,1 804 207 Tao, IEEE PVSC, 2014

Rear emitter configuration

Cu-plated front side
Press release IMEC, 05/2014
Screen printed front side
V. Mertens, EUPVSEC 2012

IMEC 239 677 381 813 21,5

Q-Cells 239 673 398 795 21,3
1 2 monofacial ® & %) HnH PERT &
L OBFERBL (Dr. M. HermleiEft)

Solar Cell Concept to Close the Gap
n-Type BJBC- without “passivated contacts”

Area FF Comment
fem2] mV [%] %

Gen 2

Sunpower
D. DeCeuster, EUPVSC 2007
lon implanted
Samsung 1548 676 40,9 81,1 22,4 R Pl
lon implanted 4 BB
BoschISFH 239 676 416 785 221 Bosch Press Release 2013
Trina 1533 679 40,7 809 223 P. Verlinden, Silicon PV 2014
i 239 649 41,9 785 213 el
‘ 3 - etallisati
Konstanz Ga:ﬂu. nes'ss:vsl?;]m
v = Ah o2 NS N
14 @mhFERANyIs7a 27 bk

L OBAZRI (Dr. M. Hermlef2fik)

K132, @mhFEn~ToEZAELVOBRBERNERT, ~Tr#ES LT, T

TENENFEBTE, &mVoc, ﬁ?ﬁ&ff%iﬁ@%@%ﬁo $hE22~24. 5% 7\ Al GE
HT Iy XD AELET N, metallization iR E

AENBETH D,

Thd, &
K= X PO RBBAEE O1GW) 03z

1412, mFE Ay 7 a7 MO KRNZRT, 104 2L EIZ K& SSunpower

CEDARBHEBEEOERBEN DY .
z‘@ﬁ&fﬁfﬁﬁ%ﬁbﬁ&;éo FhG-ISETI%.

in—-situ masked ion implantation®® L —% K —v' 2 7 D
in-situ masked ion implantation (n"-BSFJEE) . BBr3

furnace diffusion (p "= I v ¥ p "FHfloatingm I v XK. PA A IEADT =—

V) BSGm v F (R U r— T T7ZADKE)

o8y v — g v (i R FRALO, /SN



Ny X—=z3 ) BRastanhl, K1
50 nflNy 7 a7 v isld s
HioT7 7a—F%R3, L2 7%H
BohTnWbd Ny a7 heL,
BAR22~23. 5% MDA RETEN . & bR D1
BB LETH D,

Solar Cell Concept to Close the Gap
n-Type BJBC- A New Process with Lower Complexity

Local BSF Implant

s n Lo sines |

[mV] | [mA/ | [%] %] m
am?] Al NR

1 |_contact opening |

First Cell
Batch 4

B lean process flow with one implantation step

B No alignment during front end process

Contact opening

PVD Metall
P—

80.6 834 217

® Efficiency can be further increased by adaption of
diffusion and implantation conditions

15 nl Ny a2V
HfE b7 72 —F (Dr. M. Hermle
FEHL)

FhG-ISEIZB T H @@L O 7 Fa—F b sz, nliCZIZ, m F—7TbHEmWnF
Y U7 HEmEFEOOT, nPRCENVITEBENRAETH S, HF-Dipll X257 UV —= 7
PECVD X % PassDop/ETE k. L —WIC L HPassDopE@ DA — 7 =7 PVDIT L HALHERE AN H
WwWHiie, 1 6ICRT &I, 145em* /LT, $hH21.9% B HE LN T WD, 5T, PVD
ENi/CuF L—T g I PREASI T, fRE, K1 7TIERT, dem* 2T, 21521 7% 72
2. EVoc (680mV) DFREMENR & B, NBIPRCE L IZ., @b DFREMEEZ G T 508, Voc
EFFO R L —RAT7 R—=Z\WHPFROEE NY —= T RXT v TOBMNB, HETH D,

FEBEAL®RET S5 7-5IC, TOPCon (Tunnel Oxide Passivated Contact) &/ & FES &
Nz, Ao vz v X EHEB RNy RXR=vgrOnflngs 7y FELTHD, Vet
chemical & L < 1ZUV/0, ik E 2 X 2D b v X hoxidef k., PECVD X D a-SiJg k. furnace
anneal L AKF Ny I _X—T g UPHWLRTE, K1 82, ni g v 7 U RTOPConk /LD
BtEaoRd, BRI v XA HEED4en’* B L T, EVoc, 2124 4% N E SN T 5D, PRC
PassDopt /L, TOPConE /L T, %K %, 21.5~22.5% ., 22.5~23. 5% NARETH 5, K1 9T,
WSRO EAL L@ R v oA fElE2 £ &0 TORT,

Solar Cell Concept to Close the Gap
n-Type PRC - the Counterpart to p-Type PRC

ALOYSIN, TilPding

= High V,. prove effective passivation of
PassDop technology with different
passivation layers.

* (I
/n (laser doped)

® High FF prove effective rear side contact SCHP) A

PassDop V. 1. FF n
Layer [mv] | [mA/ | [%] | [%]
cm?]
699

asiccp 4 413 805 23.2*

asSiNGP 4 7 693 406 808 22.8*

FZ

asiNeP 145 P 687 403 789 21.9*

*) certified by Fraunhofer ISE CallLab
J. Benick et. al_ 40" IEEE PVSC 2014

16 nfMPRCE/LDOMKEREE (Dr. M.
HermlefZ fit)

17
Hermle#Zfit)

Solar Cell Concept to Close the Gap
n-Type PRC - the Counterpart to p-Type PRC

Area |V, | ), | FF n
B Front side contacts realized by fem?] | [mV] [':'::‘i' [%] | [%]
plating of Ni/Cu (forward bias s
4

plating) Avg. 18 675 397 785 211
® Contact opening ~25 pm Best 4 677 396 812 21.7*

u V, potential from J, ~680 mV %) certified by Fraunhofer ISE Callab

ALOSIN,

Ni Cu

p(implanted)

* (I d
/n (laser doped)

a-SiNP Al J.Bartsch et al Silicon PV 2014

nPRCE L ORFIHE R (Dr. M.



Solar Cell Concept to Close the Gap Solar Cell Concept to Close the Gap
n-Type Hybrid TOPCon Cell - Cell Results What will we get in the “near” Future?

Area FF PFF
[em?] lmV] [mNﬁm] [%] %]

Blanket
Emitter 825 846 240"

Selective

Emitter 4 715 41.5 82.1 85.0 244

VIFZ:5), ntype, 2x2 am?, aperture area, confirmed by Fraunhofer ISE Callab

= TOPCon deposition and annealing Wma
o

after front side boron diffusion

= two high temperature
processes

TOPCon: Jo oo 0 7 fA/eM?
F.Feldmann et al Silicon PV 2014

normalised cost of cell production [%]

18 nfl/ngf w7V > KTOPConk /L

OB (Dr. M. Hermle# k) cell efficiency [%]
19 mWiFkofELcmeEt
LD R[EEME (Dr. M. Hermle#fZfik)

(2) J. Nakamura® (v —7) 1%, “Development of Hetero—Junction Back Contact Si Solar

Cells” LEL T, W Aro#h#25. 1%ICEAT 27 L—F Vil & T o7z, /= X FOEEO
DITIE, B Y 2 — LOENRIENEECH S, ~Ta Ny arZ 7~ (HBC) 'L, 25%
U bomshbzZRL TELOME L Snd, Ny 7 a2 b (BO) MEICE Y, RiniEMmD
T — F—HEROHHIC L D ETse ~T m#HEAIC LY | BiF R/ Ny > _X—2 3 2L D EVoc
MNARETH 5, v —7TIE, 20034E 5, BCE/LVOAFZEEAFE 2 BtG L, 20114506, EPEA BA
LTW5s, K2 0%, HBBCENOHEEZRT, CZEEN-Si(100) FtkZ H\\W o, FimiE, 740 Uil
HIZEDT 7 AF ¥R, Em 7V —=r 7 D% PE-CVDZ H\ za-SiEHERI A 72 S 5, a-Si/c-Si
SRR, a-SiEO/Z —= U 71T LT, st S v, T-VRRMERIEIZIEL, K2 112737, ST
(Surface-Mount Technology) ZZHW BTz, X2 21%, HBCE /L OI-VREMEZ/RT, £ 1121%, HBC
i L o257, 21%25.1% (Voc=736mV., Jsc=41.TmA/cm’*. FF=81.9% . Voc=729mV .
Jsc=42. 0mA/cm®, FF=82.0%) MEH 6N TW5, S b mah=iuix, mRE&LFEA T,

Electrode Front
surface

a-Si-H(i)
a-Si:H(p)

a-S1:H(1)
a-S1:H(n)
contact electrode

Fig. 1. Structure of HBC cell.
2 0 HBCE/NLOHEYE (J. Nakamura et al,
Proc. 40™ IEEE PVSC (to be published)) Fig. 2. Schematic configuration of SMT concept.
X2 1 SMT (Surface-Mount Technology)
Dz~ (J. Nakamura et al, Proc. 40
IEEE PVSC (to be published))

Printed-wiring board Wiring line



HV CURVE

<1 HBCHEIE BV DRk

Table I
IV parameters of the HBC structure cell
_No. J..(mA/cm2) V,(mV) F.F. Efficiency(%)
1 41.7 736 0.819 25.1
2 42.0 729 0.820 25.1
Note. Aperture area: 19.3mm x 19.3mm (3.7130111“).
Measured at AM1.5. 1000W/m’, 25°C by JET

PECIFICPOWER [mW/cne]

3 04 05 08
VOLTAGE [V]

Fig. 3. IV curve of the HBC structure cell.

22 HBCEADI-VFHE (J. Nakamura et
al, Proc. 40" IEEE PVSC (to be published))

(3) A. Froitzheim® (SolarWorld) I%. “Manufacturing of 300Mp Module” & BEHL T.
T —F VEEHET o2, R, BHEATKLL EO&L, 2000 ¥ 2 — L O REFEE T
b5, 20134F5H FFDOPERCE L DY (X, 19.5% T, 4.7W/ LT, Y 2— VTN
I, 265WCh o=, K (>300W) T a— A BED-®H, CZ—Sifldh oKk, £
Moxk#El, TYa—LEEoREILERN L, P, KHILLEETHDH, PERCEIL
T, 20% L EDOHREH OO, I RI~3QenAEWVWENRDMN- TS, P F v
U7 Hmb., 21E20%LL ED=DIciE, 300 sAMLET, 500 sTIX., 2121, 8% » H4%
T&5, =27 F—=—RUMREBIO#EAERI O&KHEL (K F— S0 MEE, BROVOESR)
DI, =y FEMEREE ], OWEN LG, Vb LT, 650~660mV23 15 5 41,
BH20.5% D AHEE o Te, BV 2 — UHIE D RE S L. N A= O E SRR KKK
DIEAv, AW R AR L leoTc, RO KFHERLENRFHELDOEE S 23, FHY)
F20.4% ., Y 2 — /LEHH 300WRER L TWDH, Ag7 ) —fbbBifshTnd, 5%,
BIAK OPERCE L20.2% 706, OXREEMBP R T, 21%20.4%, @= I v F KR T20.8%,
@Ry v RNR—=v a3 VR T21.2%, @EMESIiT21.6%, ®a %7 FL R T22.2%. ®
~VFNRAN—=T22. T%DEREZRIAAL TG,

4. 3 EEXEBELSE:

4.3.1 BESI KIGE;

(1) C. Balif (EPFL) (X. “PV Application of Thin-Film Silicon” & @ L T. JEif:k
WMEZATH- 72, MBS PVIZ, KEMPVICE L7-b D& LTHF/ES ATV ARRS, FES OPVH
GOBWMBKEICHIGTERLS Lo THEY, HIZEDORME LRz, L2rL, EYVa2—
HHEL10%LL EC3bax—a/m* Ok = XA MEBFAEE T, >m*D 7T v 7T A — U v 73 A[HE T,
nearly zero energy building=<CBIPV~DSHMNM/HETE S, hxh, vy —7, XFrv=
v 77 14ttt E active TH H, BIIROBEIZ, §5FTH R, #hFEm b, ek
W, 22 MERTH Y, TCOD WL, F—7Siox, F o X LEENFT vy 7, SW
B RAR PECVD Y & & A 8 2 L D I dn B oo HER IR B I R EDRET R S CTh 5,
HWESINGEMB LN EY 2 — LOBRIMEINTZ, £212, GRa-SiBLPp ¢ —
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S S 1 i 4 B K 7l A5 ME oD

2H) o

o JE 7T

— X &Y, a-Sik/l,

we-Sik Lo E & EAL %)

N

X, lemBEO/NHERMBENL T, £ 4. 10.22%, 11.37% T, AISTIZ L %,

#F2 EAFEaSIiBLWPu c—SiEREESI BES KGEMFEORET — 4
Jsc (mA/cm?) Voc (mV) | FF (%) | 203 (%) 1% Bg
a-Si 16.38 896 69.8 10.22 AIST
a-Si 16.75 886 67.8 10.10 TEL Solar
u c-Si 29.1 536 73.1 11.37 AIST
u c-Si 26.55 549 73.3 10.69 EPFL
Kanekald, a-Si/puc-Si2 &% > 7 A World Record Certificate
O/NHEHFEE /L (0.962em?) | BT E Y 2 — CON T T e i o
b (14. 23em?) D2 ELIH R, & & 12.3%. — — Gmeeon
11. 7% % AR, B LT3, /hEfEE L N e i

D & & 7 EAL I EPFLIC X 5 12.63% T
Thbd, SEEHX VT LATIE, LGCE DX I Ty e
EALENE13. 4% . ORI TH H, K2 312,
EPFLIC X B2 2B X v T A LD P
12.63% D ¥ Z =77,

Iumn: & 0000
00106 | I_max [A] 000022

+ 00020 | MueSi) | 1002 & 0001

13816+ 00137 I 1 se[A]

L0727 &

001178+

1,0005

Standard Rej
S

’ / i (ASTM GI73-0MIEC 60904-3 od. 2)
1000.0 Wim * at 25.0°C

IMT NEUCHATEL

5o IHEI

X2 3 EPFLICXK D 286X T Lk
DFNH12.63% DFFE(RKREZHENA T A b
Dr. A. Jaeger-Waldau#i fit)

SHOFHE LT RN EOERZBIEL CAHEEX T boa-Sio XL .
a-SiB X W uc=SiD&EMEMENC X D Vocm b, HITHE O @ H . &M E, light
trapping, MBI EORFNMLEL LTS,

4.3.2 CIGS., T—VIRILEMBEKXEGEH :

(1)K. Kushiya( Y —Z—=>7 w1 7 4 7 )%, ”Current Status and Future Prospect of CIS-based
Thin-Film PV Technology at Solar Frontier K.K” & & L T, CIGS A& & PV |2 B9~ 2 il i 1
EITo 7, NEBELVOHRIZ, Y—F—T7 81T 47 O CIGS /LT 20.9%. CdTe &/
T21.0%ThH D, AE., Ny 77 EOKIE L, v hOMKE., —HKEEE EAEED
b, PR OEB, WINEHBRIZXD 24, 25CRTEDIC, EHE 0.52cm?
D CIGS KM T, 2 20.92% (Voc=686mV. Jsc=39.9mA/cm®, FF=76.4%) O {i fix
EMANEEZZERLTWD, AENE, K2 62T o110, ELXOMITHERICEKSZ, ZnO:B
O TCO BOF—Er7REOKEAICIIY SBEE TS — MEFIRLHMRF L>>, TCO
JEOFZWMEZM EZ2IETND  ZInXN—ZANRNy Ty BOLBEIZLIVEERMEFIEOREDL
ErohnTnd, 70, MINBEBONNY FX vy v 7 Eg DR S MO b 72 34, K Eg ik
DIRIZEVRINBROLER RSN, RERBOEFHEROKEN KON TWVD,
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Grid electrode (Al)

Anti-refractive layer (MgF,) —~ 40
_—— Transparent conductive layer (ZnO:B) “E ______________ ————
__—— Intrinsic buffer layer (i-ZnO) § 30 4
Buffer layer (Zn(0,5,0H)) é ——- 2013 =—2014
2 i 5
p-type absorber (CIGSSe) E 20 Efi(%) 19.7 20.92
o Voc(mv) 683 686
Buffer layer (Mo(S,Se), ) % 10 4 [Jec(mA) 374 309
Back electrode (Mo) g FF 0.778 0.764
Barrier layer (Si0,) s 0 f f
Glass substrate © 0 200 400 600 800
Voltage/cell (mV)
1
09 + TS el
Fig. 1. Schematic image of our device structure. 0.8 +
5 N 0.7 +
2 4 CIGSKGEM DS W o6 + .
th 05 T '
(M. Nakamura et al, Proc. 40" IEEE PVSC (to oa | ---2013(19.7%)
. \
lish 03 - \
be published)) o2 - ——2014(20.9%) \
1.0 : \
0.1 + A
0 } f t t
0.8
300 500 700 900 1100 1300
Wavelength (nm)
0.6
g Fig. 2 (a) J-Vand (b) EQE characteristic comparison between our
Woa _— previous record cell (0.50 cm?) and the new champion cell (0.52 cm?).
The measurements were independently conducted under the standard
0.2 test condition by third parties (AIST and Fraunhofer ISE for 19.7%
and 20.9% cells, respectively). The absolute values of the EQE
a0 curves were adjusted so that the integral of EQE become the same

59 wavelength (nm) "™

Fig. 3. Summary of optical loss calculations

26 CIGSENLDONEEIfETOE LD (M.

Nakamura et al, Proc. 40" IEEE PVSC (to be

value as J,. of the J-V measurement.
25 =R CIGS KR o Rk

(M. Nakamura et al, Proc. 40™ IEEE PVSC (to
be published))

published))

30cmx30cm? X =F ¥ = — /LTl 20104E DN 15.7% 70> 5201140 17.2% ., 20124ED17.8% & |
LEENIEIN LN TN D, TIUE ORFZEBAFEAREN, 2011 DI50WE Y = —/b (B = — /L%
12.2%) . 20134ED160WE ¥ = — /b (£ 2 —/L5hE13.0%) BiEIZ o0 - T\ 5, 20144E, 170W
E Y a2—/L (97.7cmx125.7cm, £ 2 —/L5h%13.8%) . 20154, 180WE Y = —/b (¥ 2 —/L%)
R14.6%) DIEEZTFEL TS, £72, 200WEY 22—/ (F¥2—/L31316.3%) bHEIC AN
QLAY

WKEEY 22— /LR IL, CIGS T 15.7%. CdTe T 17.0% CT&d 5, # 3 1%. First Solar (2
Lo CdTetrvomaEhoRBELEZRT, K= A MEIZDWTIX, First Solar 73, CdTe
KBFEMETY 2 — /LT, 2013 FEDFHE Y 2 — b2 A $0.63/W, XA ~$0.53/W & EFE L
TBY, TV2—La3AKS$0.5/W, AT L3R MSI/WHRE X TW5B, CdTe KI5EM
Y 2 — )LD HRIT13.5% T, XA M, 14.2% Tod %, First Solar OFEFER L.
2.26W T, ZNE T, 8GWLLE, BEENLTWSEEDZ ETHDH, CIGS T TIE, VY —TF—
TarT 4T OFEERBITICN TH D, S%IT. HRM L, SEEELFEFIC, £V 2 —
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V=173 FODEWﬂZ?jUZ%iT“Ebé EFEV 2= a3 AR $0.38/ WU FIZMIFoEERDa X M4
T DEDICIE, mAL—Ty "R TFev 2R B, HTA, IR EFORENLETH
Do, Flo, a A MRBIZIZ, AEELERPIANTHL, HFELFERICTHGILRKPMLETH
D.BIPVREE - 7L X7 NEV 2 — VHEHEBEOEBELNLEZEND, 5% DOENFE
D=, ¥ — MMEHKPEEE TCO Dk B CBD—CdS 35 X O CIGS Y& WL UYL J& o Yt Wk I & % |

ANTOEAERXEREME TROGXB N LE T EEMICIT, BHE MR, 70 U &8 (Na,

F) 2R <SEARE (Fe, Niy Cr) 728 N7 Rtk b, GaBE AR AR, RmXK
fao/Xy o _X— g U BRI, ARV AR, Ny Ty EREHEER (TCO) Ko
JtHE AR TCO @%iﬁémi VA FFxY yTHETOEBRIML, RENEETH D,

EWMICIE., 28EALICE2EFIL (>30%) . KBEEMOERIA I =X ALK EHE
Ca— DI ﬁ%é@fé’éﬁ”“ EBEHHEMPEETHIEEZOND

# 3 CdTe KEGEM O GRDOILIR & m =t s L

R O RE L EHR@EL
Voc (mV) 872 916 950
Jsc (mA/cm?2) 29.5 30.5 31.5
FF (%) 79.5 81.8 83.0
n (%) 20.4 22.8 24.8

MaXoas@E 174 5T, 2 612
B _ N New World Record for CIGS Solar Cells:
AT R DI, ZSW b, CIGS BT, %) 21.7 %

RKALT% NER I NTZEDFEN L H - 72,

Meer. = 217 % wimanc
Voo = T463mV

FF = 7930%

Je = 3659 mAlcm?
A = 0497 cm?

Certified by Fraunhofer ISE

« Achieved by several process optimizations
= World record increased from 21.0 %
= CIGS: highest efficiency of thin film technologies

SW
-

X 2 6 ZSWIZ & % %#321.7% D CIGS
DO (KEEANA1 T4 b
Dr. A. Jaeger-Waldau#z fit)

4.3.3 A -BFZKRKEEM

(1) R. Andriessen® (Solliance) % . ” Soliance OPV: Fully Printed Organic
Photovoltaic Cells and Modules with Freedom of Shape and Size” L /EHL T, AR K
PrrEM IR 2 EAFEH AT o7, AAKRGEMIT. OKMhE, QBE, @71 X7
V. DI T T, @ﬁﬁ\?@@? ® K & A pEME fiE@%?ﬁé’ﬁ?é f\°D7°X7U/f kR IZ
WTIE, 41D DHEICHED, M2 7IRTLoc, AEARAKEERO®mDF/LITIT, S
7 ~TuigEs (BJT) X /TAMEE@M%@JT\ PSHT@ﬂﬁ L35 Eo@E sy ,c@ﬁ/f%%
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LEREHRLTWD, TSN TW DL AHARKRBERONFIT, 3% DA —F—Thb oD, —
ZEALFIL, KSR TIELIL 1% (0.159cem?, Jsc=17.8mA/cm®, Voc=0.807V, FF=0.657)
ZHRBLTWD, HeliatekiX, AR X 7 A TRHE12. 0%, UCLA/fERAILF X, ®o 1%
2T ATHHRI0.6%EER L TWD, AERRKGEMODERN ENLETH D, 20114F
{2 . P3HT/PC60BM, PYNTNT/PC6OBM® il 7 A& ot T, #h 2 7% . PSHT/PC71BM, TC60BA/PBDTT-DPP
DMBEELE T, 2h3F9.36% 77 > 7=, 20124F121%, UCLATIX. P3HT. FEARILFEDES T/
W S 3 R 900nmAS Bt DGR T, 213 10.61% 2 HF T W5, 3EAFX T LAORAELFI S
. Rene Jansel 7' /L — 7 Tix. PMPPPST, PCDTBT72 & Z >, %138.9~9.6% 2B T\ 5,
R TIX. Eg/q-Voc=0.4~0.5V/Z3, AR TlL., KEgK T. Eg/q-Voc=0.7V, &Eg
HA T, Eg/qVoc=1VE, K&, @R OEEL /> TV 5D,

% monmses” [60]PCBM and [/0]PCBM FOM

2001

1995 MEH-PPV-PCBM ~ 0.5%(7)

2001 MDMO-PPV-PCBM 2.5%

2003 MEH-PPV-[70]PCEM 3.0%

2003 P3HT:PCBM 35%

2004-2006 P3HT-PCBM 4.5%

2007: tandem pol:[60]PCBM/pol70JPCBM 6%
6.4%
6,8%
7.4%

7.9% 16
2009- now: single, double, triple junction record cells EUPVSEC 201

27 AHEKRGEMOESRMLOLE (AEZFE A 7 A4 b Dr. A, Jaeger-Waldau$z

#)

WAHEAROPVE L T, stretchable, printable OPVOFZA, £ 74+ 1 ¥ — L L OB,
Quantum Chainf#@#f 72 & O EREEIRF 71 ST & iz 7=, 60°C. 85%RHD & « &Rt E &
R EdU, 1000 HETH, 10%LUNOEFICESE->TNDLEDETHD,

£, AFK - ARAGEMROSI T, HH18% 2 HIE LI/ romah={b, miE#HE
EORPBLETHY | ALORNWEBICE2FNEORBENLETHD I &M
nTuns,

4. 4 BFRXRII-VZEES, SAEBSSIUVFERABERSF -

(1) T.N.D Tibbits® (FhG-ISE) iX. “New Efficiency Frontiers with Wafer—Bonded
Multi-Junction Solar Cells” LB L T, EMBEHEZIT o7z, OIII-VIEE L Z BV £E0
KB EMMmIT40% U EO@EBRAEZEH L TBY . TWFER, 40% U LOEHFERE Y 2 —
LNOEBNARET, EFICHEDO B WPV AT AEZBEETEX 5, QPVEANR YA XD T
HELTEBY, IV RBBERI AT LOERBAPELEIN, CPVU AT LABREL TS, @
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A ML HEDRRBEPVEMR~OBELELTEL LTS Z &, £ KEEMIT., b
SiKFGEM Z H W2 ENAEEIMFU T OMEAAEN, MdbsSiZe & o KB EM A v 723~100
OB EN, TTI-VIEZHEAS KBEMZ HWZ40005 0L Lo s ERcsHInD, 22

T, BfEEXICERINT, OFFE= XL — O/ 3 VX —/Ak, @FiRE#E

AlRE. @R T, @mEWREDS /i, O X PRz X — Loz
JHRK G R E (CPV) Y AT AOR#M AR 7%, E£XRBKREERETY 2 — L OB,
FhG-ISED B W #l AR R bz, WFFEEEPE D E T = L D %h =R 1T, Sharplc K ¥ 44. 4% (2
EL, EYVa—/V#E32~35%, VAT LNFE26~28% DBLIRTH Y | o KEGEM KD
L EICEREDS BV,

BEIZ, $Ab2s, 1IMWLL EDCPVY 2T A% EICEBLL TW5, Golmn, ColoradoZg &, 30
~110MWDCPV AT A bR E I N TV D, BURTIX, CPvo#lE 2 2 M, BERCHKMST
LA LDETHDH, FriT, 2500kWh/m?/yrh L B S0 B WHUE Tl o PV
X bLE N A MEBNATEE T, 8.5 NKWhEL FRHIFTE D, T3 A X=X Ny 7
ZADZONTH, OPVEIRIZHEXTHEFTHY , 1L TOERABAETH D,

X2 821, ITI-VIRZ A, £ K AT AMOB R34, 2% 2 EH L TW5H,
L D 15 & Ak D AT RE wg%?‘o E2 e ITI-V-NZ&IZH W\ Tix. Solar Junction
NG RURDE: Sk UL (AN . 50% L ko I%. InGaP/GaAs/InGaAsNSb 3 #2& /LD
AR TCE D, A7 MV RTY EHEETHEMM 1% EEI L TV D,
ST AT RAD=ZINVAL T IE, &
AT AR E, A NEHIZRADI EDA Detailed Balance Calculations
R RENT. T U S BTN More Junctions Enable Higher Efficiencies
D&Y T, T84 %GalnP/GalnAs/Ge 0 ‘ . . .
[ AMO (1367 Win) [ AM1.5g (1x1000 Win)

SHEEA BN, uau@zmmz@omx 80 - N 153 5001000 i)
B IET b B ERAL 6%&&%@;0730 ol SR Ed
é%ﬁé WA D - DI, #& T AR %m, N e EE

’?’IIIfoN{KA#%O)J_HﬂﬁUZ%T“E% g 4o o, ERE GEE CE
B W TR F L, IR D T 5o G B CE R
HbHrN, vy —7F, W v EE 10 éé éé Eg g E
InGaP/GaAs/InGaAs 3 & & /L . JE4E e B
§ﬁ$37.9%\ 250“300{%%%"@@]% Number of pn-junctions
44. 4% &R L T\ 5, Emcorel, Wi=x K28 III-ViEL#ES HENR KEET
E R 1E InGaP (Eg=1. 9eV) /InGaAs (1. 4eV) D FEFEOFRENME (Dr. A, Bettfflk)

/InGaAs (1.0eV) /InGaAs (0.7eV) 4 $%

TR AMBOMBEEDEDORRENLGIL, Y GbEHMoE AL, A ST o 5§
AMNEZTH 5, Spectrolabid. GaAsHAK FEDA1InGaP/InGaP/GaAs 3ES /L DO X *
¥ U7 AT (ELO) L7ed @& InPHM E D InGaAsP/InGaAs 2 #2 & /L O EHER
FU Ik DA EL T, AML 56N E38. 8% HEMK L T 5,
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Ai[E 43 ©. FhG-ISE. Soitec, HZB, CEA-LetiD:[FEEFIZLY ., 4HAEE LD 29 7
HFENT, 4 7%DOMREKEDEEZER L-FL2Z2BERE L, 2T E TIHE., Sharpd
InGaP/GaAs/InGaAs 3 #2H £ /L D250~300f5 50t TOFA44. 4% N R @z L ThH - 7=,
X 2 9279 X912, GaAsHM E dInGaP/GaAs 2 # A& & /v (FhG-ISEfY) & InPEHR Lo
INGaAsP/InGaAs 2 #2 & /L (HZBHL) L2 v R T 4 7T AEDEDLI A =H L
A K 73k (Soitec)lz kv, £/ Vv v s (24i1) 4BAEELVEZEBLELOTH D,
T EART, <D, BEMNEELESDbDRLTWER, 2KolbaWEREFHAT D 2
LT, BiTHDIZEND, REHRFITRINTEWhoTo, SO EIFENL DS
DR THOAZRIZEII AN TS, M3 0%, AKEIFELIESEL, 4BEEELD
S E TR OWERME. 2 9 THELT COBMERE. 2077,

Wafer-Bonded Four-Junction Solar Cell

Engineered substrate 1

A
4 carrying upper inverted
% tandem cell
7
Semiconductor bonding of

GalnP 19 eV lower and upper tandem
cells

(TN Bonding

Engineered substrate 2

/ carrying lower tandem cell
S 1 support |}

Attaching final support
substrate

K29 4G5t LVoOERTaERX (Dr. A Bettfgfit)

Wafer-Bonded Four-Junction Solar Cell

10112-01-x17y04

-U“\ ‘M‘V\

External Quantum Efficiency [%]

Z. Fraunhofer
o

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 W/m*
C =297.3 suns

I, = 1921 mA

vV, =4.165V

50+ FF=86.5%

N=447 % +-31%

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

Current [mA]

(measurement confirmed
by ISE CalLab)

0

] 1 2 3 4
Voltage [V]

X 30 WMARKENRIAEEEL, ATEFIROWERME, 2 9 THEEN T TCOEMER
M (Dr. A. Bettf&fh)
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=42 o
Z 4 o 020F :
= 40 - I AL ’ ]
39 e — 015k TR 3 |
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S e TR =
= 85 P o = 0.10F ST IT R
£ 80 —&—Cell B ™ E L Vvl
75 - (‘el]A(H‘?ace!.l) Y :). 005 | i
48 e | |==-= Cell A 44.7% device: FF: 86.16: n: 44.7
S j'f e T 4 . . 0.00 ——Cell BFF: 88.37:1:46.5
= 30 e . 465‘ @ 324suns S I (cll -\ ulea-,ured at ’94‘1 (‘ellBat ’89);
36 e - _0 0 1 1 1
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Figure 6: Performance metrics for cell structure B Figure 7: Flash IV curves for solar cell devices A and B,
compared with the previous record cell A. The peak taken at very similar concentrations (~300x). The inset shows
efficiency measured at 324x is now 46.5%. the detail at Vo with the gradient at Ve highlighted with

N G A additional lines. Hero cell B has a lower Ryge of
31 LW R R m R4S L 49.0 mQem? versus 63.5 mQem? for cell A.
DESEFME (Dr. T.N.D Tibbits#fk) X3 2 300fF4E0ET 4 A DI-VEE

M (Dr. T.N.D Tibbits#gfit)

A, @GalnP kv 7LD v X WU BRI XD EHINEENL. @GalnP/AlGaAs b > =)L
XA F— RDOBEB., @CarsZ ¥ 7L DEg, BEDEAIZ L % EVoe, Jscft.. @GalnPAs
TR NLVDEGRIKIC L2V T OEBERES, WEN LI, K31, K3 2Z7-7T L9
12, B2MFHEIN T, 46. 5% DM REFmDFENFEBELL T\ 5D, AIST, FhG-ISEIZ & Ml E & K 41
LTWAEDHETHD,

BUR O A PEBEPE D 2 L DAL, 5DE N R 38~40% . AMOZI K 29~31% % . HFEHMICIX
AM1. 5DEE N 2 #845~50% . AMOZNZ33~38% & L 72w\ & fE AT,

4. 5 PVIRT L, e, EEESF

(1) G. Bopp® (FhG-ISE) I%. “Electrical Storage for Renewable Energy Supply”
CELT, TV —F VU#MEEIT o=, 20124EPVIX36GW (30TWh, #I5%) 20134F J& 771 34GW
(55TWh, #9%) T. 20304121, FAFRET R /LF —23656% (650GW) £ CTRETHI L
NPHENTWD, BAEAREZRALX—DI LR 5E AT, electrical storage M3
ThH D, Hx DstorageDHFIR LB R ~B T,

1% PV market growth Germany, zh == PV —EV- and Battery Storages at Home zh ==
simple model aw

v EE Ty Camany, S0 21301 y + Sharp nutzt im Demonstra-

P 12/2°§osw e tionsprojekt Eco House die _——

) — Batterie des Elektroauto :

o / iMIEV, um die Leistung von | =

8 kW dem Hausstromnetz

- 1 \ zur Verfiigung zu stellen.

gwu N/ W (z.B. tiber DC Hausstrom-

-l | 177 A~S\W netz) Gleichzeitig ist die

i o W Sharp Leistungselektronik ) ~

N 240w Py fahig, 4 kWh PV Energie in T "
\ 2012:03 30 Minuten wieder in die
— Autobatterie zu laden.

?‘é':‘::““: 1 “”E"_"'::"‘:'; Anmerkung: ca. 10 000€ fur kWh Batterie mit Elektronik

K33 FAYBITDIRFEICHTS X 3 4 PV-EV-Batteryd — .4 AT A

PVD%E|4 (Dr. F.P. Baumgartner#Zfit) (Dr. F.P. Baumgartner#Zfit)
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Z Z Cik., F.P. Baumgartner® (ZHAW Univ.) (ZX 5. F27HEIRKIN KR ES#E T
®. 7 integration and Management of PV Mattery Systems in the Grid” ¢ /&ET A7 L
— T VHHEHNT T D, FAYRETIE, ZMICEDDPVOLLRPEML>>H 5, FA
YOEAE, X3 3T X oI, 2011, 2012, 2017, 20204F12 . £ & . 24GW (4%) . 29GW
(65%) . 51GW (9%) . 68GW (12%) L TFHlcshTWVWD, EHRENOLHHEE~, A<
— 77Uy RPREEERAS, RHEHEIT, EECHEEZH L 2O L, RROLENL
D= HIZiE, PV AT A Dsmart integrationNUNETH D, —fEHRFEE LT, PVFEVF A
v 7 U Msolar home storage system (K3 4) 2"HV ., ZHMOLENDOT-DIZH., Ny T
UDOBEBEMENREL TS, 35X, MBICBTL2HEA2DOANy TV DOBREE LD TR
T WS OO —RAAZT A PR Rbf, M3 6%, PV, Ny TV, 77Uy Rpax
Ny F U A a3, 2017, 20184EEEIC . PV+ R v T UL AT AL U v KU T ¢ 2 %8
T&E5HELTWVWD,

Hours

Flow Batteries: Zn-Cl Zn-Air Zn-Br
VRB PSB New Chemistries

High-Energy -
Supercapacitors NaNiCl, Battery
Li-ion Battery
Lead-Acid Battery

Discharge Time at Rated Power
Minutes

]
°
g
l% High-Power Supercapacitors
1 kW 10 kW 100 kW 1000 kW 10° kW 10° kW 10° kW

System Power Ratings, Module Size

Figure 2. A comparison of grid-level energy storage technologies.
UPS, uninterruptible power supply; T&D, transmission and
distribution. Source: Electric Power Research Institute.

MRS BULLETIN « VOLUME 36 « MARCH 2011 = www.mis.org/bulletin « Enerey Quorterly

35 MBI A2fHLaD Ry T U OB (Dr. F.P. BaumgartnerfZfk)

Future cost trends PV, storage, grid :

scenario optimistic ?

only daily/weekly storage cap.

Solar Typ. Cn= 2h* P ¢
60 :
Grid +5% CAGR
.. \_ PARITY
50 ~
40 !
e g ]
2 7% CAGR ™ —PV unlimied
é 30 N = Storage Li
S —PV+batt
Y20 — —=household grid
5% CAGR ~—
1 e —
F. Baumganner. Mai 2012
0

2010 2015 2020 2025 2030

Li 2010, DOD 40%, 25a
400€/kWh & 4000 Cn

36 PV, NvTFU, YUy ROz Xk FUF (Dr. F.P. Baumgartnerffik)
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(2) M. Kohl (FhG-ISE) I%. “Reliability and Service Life Prediction” &L T.
T —F VHEHEIT T2, TLWRIEB RO ®IC1X, = A b/PERE . WA E S, (5
RENEBELRD, PVEAL, EV2— LOEEMEICEL T, fx 0ORBRIENRBIT S,
85°C85% M Damp HeatikBRr TlE, £ < OfEMLSI KB EME Y = — /LT, 2600~3300K[ T
b3 %, 75°C/85% . 85°C/85% . 90°C/85% L B 72 SeffFlc T D1 &Lk R & D, M
fb=x )L ¥ —iX, 69k]/mole: DHETH 5,

4. 6 PVICHA®E :

(1) N. Taylor® (EC-JRC) IX. “Cost Maps for PV Electricity in Europe” &L T

T —F VHEEAEIToTZ, PV AT LADLCOE= 2 M &HE L T, BN EDOPVE S =2 2 b
NREEINTWD, #£41%, 2013 DOPVY AT ADLCOE= A b 779, 20144EWF (21, PV
AT ANI8% A L., F4 DL, 700 — w1 /kliph . 1,400 — 2 /kWplZiHid LT\ 5,
B4 3 71%, 20134FRFDLCOE=R A N OWNRZ R~ T, 20FLL LD HFEEZZE L T, 2040 %
% DPVY 2T LPERE &2 ) HIPERE D80% A I E L TW 5,

F#F 4  20I34EMEDPVY X2 5 A DLCOE= A
F (H. Ossenbrink et al.,Photovoltaic
Electricity Cost Maps, (EC-JRC, 2013) )

Table 1: LCOE of PV generated electricity for residential systems with a system price
of 1700 EUR/kWp ex. VAT, 1.5% operation, maintenance and repair (O&M) cost, an

annual ion of 1 000 lled and financial lifetime of 20 years.
Contributions to LCOE LCOE
Item Cost Item Capital 0&M 1.5% Total
for ROI 5%
[EURKWp] [EURCUKWH]  [EURCUKWh [EURCUKWh  [EURctKWh] Other (Fees,
] 1 Permitting,
PV Module 6500 300 160 08 55 '“""':;“""
Inverter 150 075 035 02 13
Balance of Systems 420 210 110 06 38
Engineering 370 185 095 06 28 " i 2 .
Procurement & Fig. 2: LCOE cost breakdown for locations generating 1,000 kWh/kWp/y
Construction -
. 080 040 0 4 37 2013FEFEDOLCOE= A F D HFR (H.
Other (fees, permitting, . .
Insurance.) Ossenbrink et al., Photovoltaic
Total 1,700 850 440 25 154 T
Electricity Cost Maps, (EC-JRC, 2013) )

I;‘m

. F
EurelkWp, LCOE with 20 Jears payback,
e.

e
Fig. 1 Distribution of the levelised cost of PV electricity in Europe.

38 20I34EHKFDORKIMNEE DPVY A7 L DOLCOE= A b D434 (H. Ossenbrink et
al.,Photovoltaic Electricity Cost Maps, (EC-JRC, 2013) )
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X 3 812, 20134E R DRI & E DOPVY 2 F ADLCOEZ A N DS A ~T, X3 912, 2013
FEREORIMNEEDOPVY AT LDLCOE2 A N EFEDEBENEA E OED S % T, 20134
RplX, 7o~—2, KAV, AXAL 2 AL IHLTIE, PV AT ADLCOEZ A MME, K
JEBENEELU T ER-oTEBY, 77V A, AVZ =T, AT UH, NLF¥— XA A,
F—=A P TREE, FAEEo TS, 20145 K21, KM DT79.5% 72, PV 2T LD
LCOEa A NI, FEOENEELU T Lo TWEEDHETH D, 0.0042 — 12 /kWhD FEH
AREL RN, S®%IT. S6RDZPVIYATLADORE (&6 5mmMElk, K2 X Mi,
EFHamib) D E T, %“/“:L“—ll/l//\“ﬂ/@*“j@ﬂﬁ AT ADLEZFE{L (PV+storage.,
PV+heating, - ) ORISRy b U — 7 HEEAN . smart grid RRICTA > 7 7 DB,
M®ﬁ$ﬁ%in%~k@L#JmPwﬁkﬁﬁiﬁﬁ\ﬁbthZX%TW%ﬁ%
B, M ENPETH D ERAT,

0.08
0.12
Grid is cheaper 0.16

0.20
EurolkWh

Unsubsidized PV system price 1700Euro/kWp, LCOE with 23 yaar; lifetime, 5%p.a. interest,
1.5%lyear maintenance. Electricity price for households: Eurostat 2012, 2nd semester

Fig. 2 Price difference between PV levelised electricity cost and household retail prices.

39 20I34FERKEOKMNEEDOPVY AT LADLCOED 2 kL FEDE R4 & DD 554 (H.
Ossenbrink et al.,Photovoltaic Electricity Cost Maps, (EC-JRC, 2013) )

4. 7 Wi, ECHRR, BEE
(1) P. Frankl (IEA) 1x. A& T, . EU PVSEC 2014

29th European PV Solar Energy Con
RAl Convention & Exhibition Centre » Am The Ne

“ Solar Photovoltaic Energy PV a Major Electricity Source
Technology Roadmap” (22T, ALilGHk - IEA MTREM: "2% of global electricity supply
?EE: 4T o 7 2013@*@13\/:/ A @4;'5 will come from PV in 2019"

o * |EA PV Roadmap
B E EEAN *ﬁ ﬂ L, %\ & 3TGW, "up to 16% of global electricity supply will
135GWCTdH 5, PVIiX., 201941213, global come from PV by 2050"
.. » PV system market will exceed 50GW in 2015
0 -
electricity®2 %) N 2050%0\— BN ﬁiﬁj‘ = PV electricity cheaper than residential
BB R L X —1X65~79% .PViX16%iT 72 5 electricity prices for 79% of European citizens
A D Lik_T, B4 0 XK=ziwE~n~nA4 745 (Dr

Jaeger-Waldau# i)
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[EAD B — F= >y 7 H BN ENT-. PV AT L0 BEREED 20304 20604101, % & .
L1721GW, 4674GWIZ/2 5725 9, BV 2 — /Vflifs & 20134F D) $ 0. 8/Wir b, 20204F, 2025
. 20304, 20355 121E, & &~ £9$0.7/W, #980.5/W, £980.45/W, K940.4/WiT72H724A 9 &
TFTHEEINTWD, 57%I1%. flexible power systemDEFE BN LB T, policy makerZ %k d
A7 ITHEEOREETHMFELZV, v — K~ v 7L, www. iea.org/roadmaps TAFTX 3B
EDOETH D,

(2) Y. Fujioka® (NEDO, £ H T.K) I, ” Overview of research and development projects
for solar cells in Japan” & 8 L T, NEDO@j(IKE'a‘?#mHFnBﬁ%E7 Y-/ FOBMEIZE L T
& AT > 72, NEDOOMEE | WFFEBH R 31 DNEDOD & EN 2 ik < 7=t . KPR E T oM
HAGIZIE, BFEOZHE, Fio, MMEREOMEMBLETH D LRz, M4 1%, 7—
2 na, TEEICBTLZRNGAEEOHERELIURBEEAR L SKEOPVEK O TH
(PR 2 5Te) L OMBEAERT., PVOTBILREPVICET 2EE FRIZ. HBEAGR
WO, MBIEREZOIZIE, EOXBENELEELEMLETHY , FEHBEO I 6725 HEAEN
VB TH D MEEHR B L ONEDODS , AARIZE T HPVEEDOERLH HILRICHEB L TRV |
19904E LIk, PV A b, A5 ISR L. 20134F I3, BAE A RIS 66WICE = L T
%o
Correlation between PV budget and PV system installation

[ Installation volume ] 10000

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

o
100 ®

0
02 D
(6) Netherlands 104 go @4
(7) Australia

(8) Korea 9

(9) United Kingdom ; T ® . ]

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

[ Country ]
(1) Germany
(2) Japan
(3) USA

(4) Italy

(5) France

(1]
1000 + o@
©)

PV Installation 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. Yamasguchi. T. Schlegl J. Luther and A. Blakers. ISPRE Revort (IGSU) *

K41 FEEICBITAKBERBEOHEREE L ONEME AR L AEOPVEGEOTH
(WFotBA =5 t) & OB (Prof. M. Yamaguchifz{it)

NEDOD K5 3 BB OME N R L Sz, K4 210, MK EM O K& E# %)
BOELEBLAARAOREOHEWMZ RS, NEDOO 72 ¥ =27 T, ¥Y¥¥ — 7O
InGaP/GaAs/InGaAs 3 # & B /L DEN T TORZFA4. 4% FELEN T TOEF3T. 9%, ¥ ¥ —
T OFEEESI HBTE VDO K25, 1%, VY —F7— 7T 4 T OCIGSENL, Y TE 2 —/LTOD
2h520.9% ., 17.8% ., ¥ ¥ — 7 DOAHEHE LI TIL. 9%, KREDOEMRZ5enf Y 7Y 2 —
VTEIERI. 9% (B /LRI EIT11. 2%) EERMMT O pe-Sik /LB L Wa-Sik /LT %% .11.4%.
10.22% 72 &, HREENRL D VITE MNMOSBENREHRH L TWDH, 2o, T Y=y
7 DFEEEST HBTE L D) H25.6% ., = ELFOHREEEALDIL. 1%, L, HRESNRLY
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http://www.iea.org/roadmaps

ERL, BAZ, #0F THRARSOHKNZAL TV EE LD, glaks, EFRLA

OB OHEERNLETH D,
Best Research-Cell Efficiencies IEINREL

44.4%
3-J Conc
(Sharp)

37.9%
3-J
(Sharp)
25.6%
HBC
(Pana)

20.9%
CIGS
(SF)

Efficiency (%)

i 11.4%
He-Si TF
(Sharp) (AIST)

LiLo=T7 1 _Lall\_t_ill\ L1
1975 5 2015

(http Thwww. nrel govfncpvhmagesfeff‘clency_chart .ipg)

X4 2 & KKEmD TN RDEE L AARDOKITDOERH (Mr. Y. FujiokafZ fit)
5. B8 .

ASREIOESFHEIT, BIE LY, BMEEDBH-T-L1TVE, HEDLT, KB EREBICHET
DIRRKBBOZFHE L o7, BRO G b BN TS O % 258 B % K L C, R80T
WAL,

BAEEWROKE MSIRIL, KSFTORKRMm SR MN3461F L 2 <. RESLKFE, M
X B W OMEE O TR S 0 1T A5 %@H@JLT:&D SBIVEIBMSIANERTRTH
DRET D ENMFEND, ik, TOLEODICH, HIZEFREO —EOMML N EERK A >
fo—o2>THBDEE2 LD, FE|5811<|3E'§E#&‘IZ//3 VT B S ORFZERL R E N
BTN, BREBENOOSIMT V7L, 5% OBEEEZK LD, £, BN TESZEEN
HEATHD, DBRETSH., NEDODO EHERERMAAR T 1= 7 h T, #hidhSi KR i o 4 78 B
HDOar )T ANERL T, BARKENHS>OHD, 4% b, Mm@%ﬂ7mv:7
FEMFT S L, MmSIKGEMEZ ZL KGR BEBOMEREFEAODELHEOL, 61
NN EETLIENMETHDL, bAEICIE, KBEERHEEITEH L. ﬂﬁlﬁ)?i\u%fé“ttb\
EERHRBEZITOZEBROOLNATVWDS, )~ HR—-0AEEELTHOARD
ERHELEZWVWHEDTH D,

IR T, BIESIRDO TR DRI LRI ND, EFEE R L, A amSi K EMR
Zxt LT, e, =2 A b, HEMETHLERZDOZHET LI LB RDLN TV D,

15FEVIC, NP Y=w 7 BLOYy—7 2, #EfSiKEERO IR &R L2 T
L. TOMDOSETYH, MR NERL, KD EXRos=2FOHIRTH-=, LL,
SBOKBGHFEBEBORBESHIBIERKOTZOIZIE, K4 1R TEHC, £LFEE, BoX
ERAMNELEZD, KEBEBLCKBEREO@mMEMEL, K22 Mb, EHEMILOTNICH
0., HEWMBEBERO LML L EFHENMLETH D, £, K4 25T LI, ¥
— 7 M 1InGaP/GaAs/InGaAs 3 A B/ DEN T TOREAL 4%, FFEENX T TOREIT. 9%,
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NEYV = 7 BLRNY ¥y — 7O fSi HBTE L DR 325.6% ., 25.1%, Y —F— 71 T 4
T DOCIGSE I, BT Y 2 — /L TORER20.9%. 17.8% . FEFHFO M MESiHERRK £ L D%
F11.4%, ¥ —7OBHREEENLD11.9%, HEZOHEHKELD11.2%, =L, HRAKRE
S DVITEH A EEKR L BRI B CHRARSOERINIAALTWDS EE XD,
RER (GBFEL) . NEDOVHEME L CX 72PVICE T A OB LS 2 5, 4 kiX, 40
IEEE PVSCT®R. Swanson® 7' L —F U G (TR S AU TW D K 912, GIM RESEARCHD “PV
TECHNOLOGY AND COST OUTLOOK, 2013-2017” |Z X4uiX, 20174F £ ClZ, EY =2 —/La X M, $0.36/W
WCFMW5 ERTEY, Hifif E60%, MOEREN22%., A7 —NLT v 717%, RUSi 1% &, Hiff
M EORIFIRENEATEY, HFHES, KBEBEMES 2 —LBILR VAT LADE= R

MEICHEITHY, =N Ty N THEL T, RAEJT, EHEOREZ TS 5 MLEN
HAH9,

20114 6 H2v B, SLLAURIGCREEICE T 2 ARO LEMERRE LB E Y | BROKTOLHE
W KRG HHEEBS AT LOBEEEDNHREINANTEY, DREICBIT2EBEBREGE
m%%%%t%v;—wkiUVXTA_ﬁﬁéﬁn%%®ﬁ%mwﬁw%é&ﬁéﬁo
EV 2= AR VAT AOEEHERLA~Y— MUy N, RBEOLREIL, T T A4 24T
v RE, VAT AMERBOBILLMNETHY, BEIHEISHLCREREMNH GG TE, KK
ﬁﬂﬁ%%%kﬂ%m\H%%ﬁﬁ%%%%%ﬁbkwo

A - ARRIT, MERSOEBEMEICRENZL, BB 0N ERNHAS, Z0D54
LTSN 2]‘»—/1/ya7/\°3/f°@%ﬁﬂ‘§]%ﬂ;ﬁﬁ L7z,

B, TR ITLAEEENHAESRNTRNLESZEDNATA M, FiDOFR—L—
VTAFTTED,
http://www.photovoltaic-conference.com/images/stories/28th/2 conference/EUPVSEC2013 high

lights_.pdf
% a 30" EU-PVSEC %, PVSEC-24. 41 IEEEPVSCOAREL#TH S F%6|Elicﬁ%i‘t§%
B R SE ] (WCPEC-6) & LT, 2014411 H23H ~27H . HEERESZESE . BETE

Thsb, £7-. 42" |EEE PVSCIE. 201546 H 14H ~20H ., New Orleans T, 31 EU-PVSEC
1. 20168E9 8 14H ~18H, KA Y D /N T )T, PVSEC-251%. 20154E11H 15H ~20H .
REE OZ L THETETH D,

(L k)
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