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OXEH401F, @ HAR661:, @A > a8y, @QHEATH, ©&AF—AZ VU T 464, ®
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4. Cherry AwardZ EEH L ZEHELAHERE
Cherry Award Chair ¢& 5 P. Verlinden (AMROCK) X ¥ . William R. Cherry Award® #%
(K1) . ZhETOZHESE (£2) OHRRINTT,

# 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. ZiE ToOWilliam Cherry Award D 5 B #

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 Prof. Eli Yablonovitch 2017

Dr. Lawrence L. Kazmerski 1993  Dr. Masafumi Yamaguchi 2008 Prof. Vasilis Fthenakis 2018

A BlDZ B X, Prof. Harry Atwater (CALTEC) T, KEFEMIEND TR PELET /N4 2
DEHTH, BEIRL TS, BEZRILOTZDO spectral-splitting 72 &, #MEE OYAREEA
RKGEMDI~ F—V A MIEERH D, 6 DORHOIEFBIBE T H D, TD—20,
Alta Devices TH 5D, b7 v B 7T DRhEIL, Alta Devices fLDHEES KFEM TORKES
#29.1% (MHEfE 0. 998cm®, Voc=1. 12272V, Jsc=29. 78mA/cm®, FF=86.7%) @ GaAs K. %
3 25.1% ([HFE 866. 45cm®, Voc=11. 08V, Isc=2.303A, FF=85.3%) D GaAs [HEEM T Y 2 —/LD
FRIZ DR > TN D,

“New avenues for high efficiency photovoltaics via photonic design” &L T, ZE
LR R ST, 41T, KREGEMOBRER & RERZ T, KGEMOmDFILDTD
(ZiE, ZEAITA, KT vy U TOEMR, A2TH D,

51%. SQ (Shockley—Queisser) —limit fHIZxId A FfE 42 DO KGEH D Jsc & FFx Voc fHD FE
BAEOZ R, M5, fx OMEIOX v U 7IE (Jse/Js) LF v VT vH—T Ak (Voc
x FF/ (VsoxFFsg) ) O EEEMZ /R LTV 5, Alta Devices DFII/REND L 91T, Gads KBEH
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0
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Nature Materials, 11, 174 (2012).)
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5. SQ-limit fEIZkF AFE A OKBEEUMD Jsc & FF x Voc FED EERED Lt
(A. Polman et al., Science 352, 307 (2016).)



5. EFEHE:

Ronald A. Sinton(Sinton Instruments) [&. "The Path Towards a Major Utility Commitment for 100%
Carbon-Free Electricity" & 8 L €, EFHFEEEIT- 72,

Electricity generation from selected fuels
(Reference case)
billion kilowatthours

Renewable electricity generation, including
end-use (Reference case)
billion kilowatthours
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ALK —D L, KBEEE. BA. BB, KOBEK LA GEOLEED T I

(www. eia. gov/aeo)
Levelized cost of electricity and levelized avoided cost of electricity by technology and region, 2023
online year (Reference case)

2018 dollars per megawatthour
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Note: See more information in EIA's LCOE/LACE report on EIA.gov
7. 2023 FOKXKEOLKMBIZBIT D Levelized Cost Of Electricity (LCOE) &
Levelized Avoided Cost Of Electricity (LACE) & ®#HEH (www.eia.gov/aeo)

F.360 FORBEEAT D EE LB NS Xcell (R XTHRY RICARK, 20T K,
SV, IRXRVH, ma—AFva, J—RARFay B URFaK TFTxHA U4
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CO2 I Z FERL T\, 2O, AIRKIZ 50%MHEH L., BAERMIRET XL X —


http://www.eia.gov/aeo
http://www.eia.gov/aeo

(RE) % 55% L~ LI 5 EHE CTd o 7228, f&il. 2030 4EF TIZ, 80% D CO2 Hl
b ES 7=, U.S. Energy Information Administration ® Annual Energy Outlook
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(LACE) & ofBEZRT, K 7IZRT X oIT, 2023 M TIX, KBERE L LB
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6. EREHRIEYa v
Kelsey Horowitz (NREL) & M. Yamaguchi (2 H T..K) N4 —HF A —L720
“Understanding the Value of Efficiency in Mainstream PV Market” DO #¢5llE v ¥ a >34
B ST,

What does efficiency get you?

Instant boost in MW

installed
Lower total installed

system costs Less land area

Higher efficiency r

Degree of cost — required
savings depends on Ability for a PV system

the sector, constraint to offset more of the
type, system design, load on area-

and location .
constrained rooftops
Can help compete on

$/W basis, or * Increases market
: potential

Opens up new
markets and
applications

Allow for charging a
module price
premium, marketing
a premium product

increase profit

Increased market potential, &
Lower LCOE More PV deployed

8. EmFEDA 37 ~ (Dr. K. Horowitz & 78 & ¥F)

(1) A—HF+ A ¥ —>— ANTH 2 Kelsey Horowitz (NREL) (%, ” Perspectives on the
value of efficiency and market growth “ & B L T, EAGEE 21T > 7=, K8 IZ/RT X H 1T,
KEFBEMB LOETY 22— O @Em2hR(IL, LCOE DIRE. ™k K08 72 72 F i ik K
FHhThb Lk, —plELT, KOWRTLIC, EY2—ABhFEOM EIX, PV


http://www.eia.gov/aeo）でも、図６に示すように、米国における石炭、原子力のシェアは、2018
http://www.eia.gov/aeo）でも、図６に示すように、米国における石炭、原子力のシェアは、2018

Efficiency drives Total Installed System Cost versus efficiency

Area-Constrained System, 33 m2, Large National Integrator, $0.35/W module

installed system ss00
cost savings (at the
same module
price) in all sectors,
but it is most
pronounced in
residential rooftop
sectors

10% 20% 30% 40% 50% 60%
Module Efficiency

$5.00

$4.00

$3.00

$2.00

$1.00

Total Installed Cost (2019 USD/Wpc)

Unpublished DRAFT. Do not cite or distribute

9. FEVa— LDEHFENICIDHHE TR MEBDOA 37 MZB T % NREL O fi##T
fE . (Dr. K. Horowitz & 7 & %)

LONGi Solar

Mono PERC/Bifacial PERC:
Better Solution for Lower LCOE

Module cost reduction

Mono PERC/ :
Bifacial PERC gl 2O° °°st saVing

Higher energy yield

1 0. Moo PERC/Bifacial PERC ® # U v k (Dr. H. Fang i#1& £})

( 2) Hongbin Fang (Longi Solar), “The Case for Expansion of Mono-Crystalline
Silicon” & L T, short presentation 17 ->72, M1 0T R"T LT, MmIEEY 22—
ME, BV a—a X hOKK, BOS = & ME. & energy yield # &7~ 5 L. LCOE
a X MERICOR N D LR,

( 3 ) Qi Wang (Jinko Solar), “The Case for Continued Dominance of Multi-
Crystalline Silicon” & # L T, short presentation #1715 7=, 11T Loic, B
D BT B OBEAEACICTAZTH Y . Zh5s SiPERC (X, £ 72, Hifidh Si PERC
X0 u IS, ARITH D LR,



Cell cost analysis JinkO
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1 1. M SiELEHEERSIiELOHRLMEO ML R
(Dr. Qi. Wang ## 7 & k})
The Value of Eta for BIPV Glass Facades
Allowable Additional Costs for PV Integration in A€/m2 as Criterion

B multi-functional building
envelope components 350

Additional allowable costs

B additional function: 300
solar energy harvesting 550
E

(2 200
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0
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Efficiency/%

==1{Additional system cost (Nameplate)

¢ Z Fraunhofer
ISE

1 2. BIPV 27 AZEIT D PVintegration = A F DK D AV v b
(Dr, A. Bett 7# i & £})

S%T, MHBIEKREFHTZ2HEREN, RETHY, T Zo0sFEEfEN I
7=

(4) Andreas Bett (FhG ISE), “Do zero-energy building requirements motivate use of
higher efficiency solar cells?” & & L T, short presentation 17 - 7=, 12157 X9
IZ. BIPV Y 2T AIZHBWTH, V2= LOm@h={A . PV integration @ = A Kk
WCHBThH D Lk~

(5) Tatsuya Takamoto (Sharp), “Vehicle Applications that Place High Value on Very
High Efficiency Solar Cells” & @ L T, short presentation 17 > 7=, 1 3IZm-7T &9
2. HHH PV IZBWTIE, BV a2a— b O&EZFRMAN, SHHET, PV #EH B BHHOETT



PHEEDYLIRIZA N7 IR H Y R I0%EY 2 — VEHOBHBHHEDOIEIETETH Y |
FERIICIE, 203 40% L EOBENRE Y 2 — VO RBZ T 5 Lk~ 7,

Demonstration of PV Powered EV s?é:ﬁp
16,000
14,000 PV Area E-Mileage
12,000 3Im? 12 km/kWh
8,000 «— 3m? 7 km/kWh

Driving Distance (km/year)

6,000 /e/ 1m? 7 km/kWh
4,000 Demonstration / m m

2,000 /
0
20 25 30 35 40

Moadule Efficiency (%)

Image of 3m? Size Installation

Minivan

1 3. PVERHEAIEDE Y 2 — /LR & EATHEBE DR (Dr. T. Takamoto 7# i# & £I)

% D t% . Arnurf Jaeger-Waldau (EC-JRC) 23, 7 L—X — L L TAVD | /NRIER
NI ST, FEER4EE & L T, Pierre Verlinden (AMROCK) %, K1 4Z/:r3 XK 912,
fidn Si KIGEME Y =2 — Lo Emi b, @z o b FEHEMN Lz, 5% D Jm
LT, 18R T I, X T ABA NSipE, Si %7 AKEGEMICHRET
SR lB 1Ny e

. AMROCK
Manufacturing Cost and Power Output oc
Existing Commercial P-type PV Products
0.55 ‘ —e—Multi p-type +additives

-] ! —O—Multi p-type +MCCE

S Above the Line: Multi P-type PERC + add.

N “loser technologies” Power —e—Mono P-type

%’* 0.45 e $0.01/10W linear

= - +5Wiyear —e—Mono PERC

g g 04 Minimum Power

OCas 15.5% efficiency

29 0.35

£=" US$0.01/10W Belowthe Line:

H @ | n inner

g 0.3 Line of Equgl LCOE Technologies”

I i Cost +/- 0.028/W

z [ ]

£ 0.25 /_\ . Power +/- 5W

z ec’ "0 -+

0.2

25 270 290 10 370 390 410

Copyright AMROCK Pty Ltd © 2018
1L 4. flig Si KIGEMET Y 2 — o, @ bo ke R
(Dr. P. Verlinden i j# & 1)



Manufacturing Cost and Power Output. AMROCK
Tandem Structures will be the new winning technologies !

0.55 :’-\ssumptlons:

Top cell efficiency: 16% Si/Perovskite
= Additional Perovskite cost: Tandem
0.5
$38/module Structures
045 - ° Additional Passivation cost:

$10/module (PERC/PERT) IBC
04 ° Additional 4T/2T converter:
’ $20/module (IBC only)

Manufacturing Cost July 2018
(USS/W)

0.35 u
PERT
0.3
PERC DTI Ce
PY opcon
0.25 e %o
0.2

250 270 290 310 330 350 370 390 410
60-cell Module Power (W)

Copyright AMROCK Pty Ltd © 2018

15. fdSiKBBEMEY 22— LoD EMEax FoMKR, Si¥ T AKEER
~O#FF (Dr. P. Verlinden i # & ¥})

KB, A—HF AP —D—~ ANThHs M. Yamaguchi (BHILK) 28, By a %
F Lo, AIROFFEERMEEOEREZF LD I, S OFHEICHOWNWT, a X~
h&E#L7z, P. Verlinden 2 FERLZL O, SHBOEERFEIMALO -2 L LT, Si¥
YT LAKGEMN D D, 16T LI, 2EEBIO3IEAS Si ¥ T AKGE
T, K x35%. 422% L EO@EMNFEALNAIRETH 575, InGaP/GaAs/Si3 G % v 7 A
KB, a7 A1 FISi2WAEZ T AKEEMT, 2R, &%, 35.9%. 28.0%
DEIRTH D,

50
—3J, rs+1/rsh=0.025
45 - «3] rs+1/rsh=0.1
- —2]J, rs+1/rsh=0.025
= 2] rs+l/1sh=0.1
= 40 O Data. IlI-V 3]
S ® Data, III-V/Si 3]
> 35 @ Data, I11-V/Si 2]
2 A Data, Pero/ss
& - -
‘s 30 - -0
= e ,
R s D= ® o4
')0 . .
15
0.01 0.1 1 10 100
ERE (%)

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

1 6. Si %7 AKEGEMOBIR & &L O v Rtk
(M. Yamaguchi et al., J. Phys. D. 51, 133002 (2018)., updated)
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T. Takamoto iR X7 L H iz, H QR ERon-mBE~0@H D07 DIk, 2% 30%
UELO@EHBRED 22—V BUETHY  ZHEAY T LARGEME D 2 — /L ORI R X
HThd, M1TIZRTEIC, 4~68EGF T L2RGEMIZ. 2FE 47%L Lo
HBEENFRE T, IR A0% TV 2 — VO EBRLIFFEIN D, FHE, 5O T, NREL
DITN—=Tn6 . FENNEK 39.2%., LR AT1%OMHREENR6EGF T LK
PR A WG SN2 ERBA S, KEBXEEEBEOTHGILK, HilzzmigGAHn, 6
ZiE. KB EEORAIC LD /RD 7 )V -0 =RV F =B DOHBED - DI, HFIEH
EOMEBERLBETHDLEE LD,

60
g 50 I ) New World Record
= I O @ Efficiency
2 ® 47.1% under 144-suns
2 i , ®
é 40 [ ] 2~ | New World Record
Lg L . . . Q) Efficiency
H b 39.2% under 1-sun
2 i .
’a;, L .
g 30 —%
U L
> Potential (Conc.) O Potential (1-sun)
0 r ® Realized (Conc.) # Realized (1-sun)
1 2 3 4 5 6

Number of Junction

Potential and present status of tandem solar cells
(M. Yamaguchi, Phys. Status Solidi. 12, 489 (2015)., updated)

1 7. A KGEMOEDREOIIR & & 2RO "] fe
(M. Yamaguchi, Phys. Status Solidi. 12, 489 (2015)., updated)

7. REBO MY I R

T —F IV BLXORFEHEEEP LIS, REFEO MY 7 2AERBNT 5,
7.1 EE -SSR

Tom Markvart (Univ. Southampton) (%, “Can Thermodynamics Guide us to Make Better
Solar Cells?” L LT, Vv —F ViEHE AT 7=, KEEMOESEOIEH %2 <7 7=
W, A 72 thermodynamics Taam L TV 5, KBt ' — A (angular size o s =6.85x107°
sterad) 7> 5, PlanckHlJiZ £ v | B A{K#E Hthermal raiation?®ideal emission ® ,,% chemical
potential n Z H VN, @y, (Ty) =20 (v /c)*[1/{exp(hv —u ) /kgTs—11], @y (To) =27 (v
/e)?[1/{exp(hv —pu ) /keTo-1}], &7 L., @AY 72 chemical potentialld, KB5GEH O
BERBITICAD THL E LTS, £/, KIGEM Zheat engined AT, EEHKZ
B L T3, Heat rejection, beam expansion., photon cooing/thermalization® &
JEBRRERI® D, 1 8T L oic, FEMFEMoSQ (Shockley-Queisser) —limit
DB EEICK T 5 EEBRKIT. AR RITKET L. 05 SOOI,
FEHFEARROBEESL 7+ N VA 2V TREHTHL, Ay X x U T KB
B, thermoelectricitylZAD< 28, WA KEGEMM O G AMEIZE L TWHD 02,
EREAT,

11



0.0

-0.1

1

-0.2

A1

-0.3

A

L

Voc - Voc(SQ). Volts

-04 "" = ="Optoelectronic” (Eq. (1))
«+++"Standard solar cell theorv" (Eqgs. (2) and (18))

w==This paper (Eq. (12))

L

-0.5

1 8. FEMYM#1 > (Shockley—Queisser) —limit®D B EEIC X 5 E+EE %L
ENEBR R DR (Prof. T. Markvartfigfit)

7.2 CIGS, CdTe, I—VI{LAHHEEE N5 .

(1) Raffi Garabedian (First Solar) (%. “First Solar’s Amazing Progress on CdTe” & /&
LT, Vv —FViE%E1T o7, [AtLD CdTe KEGEMOBIRIT, B A5h% 22.1% (&
% 0.4798 cm®, Voc=887.2mV, Jsc=31.69mA/cm2, FF=78.5%) . [Hif# 7038.8 cm*E ¥ =
— VT, TR—=F v #E186%Z2EHL TnD, HEL N LDOEY 2 — /&L, 2005
FDNE 9% 0 5, 2010 4 11.3% ., 2012 - 12.7% ., 2014 4 14% & LEN X040, 2016
FEIF ST 16.4% ., BLTE. 420420~445W O EH AT Y 2 — v (B 17% ~18%) b Hifif
EhTwg, fEa 2 g, 2011 4E Q1L @ $ 1,59/W 7> 5, 2016 4E Q1 @ $ 0.58/W. 2017
Q1™ $0.37/W, BIE, $0.2/W DL~ LK SN T W5, BT, £ 206W O E ¥
a— /BRI TS, fmSikvb, X MIAFRITHDL EERL TS,

1 912, solar stock market ®dR ¥ %2 x93, HEIZEIT 5 2018 & @ subsidies DK D
T oA E, FEEEXEOKGEMENSBLIOEY 2 — L OBEEEE L7 5 L, 2018
%, solar OMAMIL, T L7z, 2018 4 12 H LAk, RIEMMICH 5, ZD K5I, PV
M X, MEAZ2S, AR K WK = 2 F T, grid parity 2» 5 lowest cost new generation
TR F—ICmroTW5b, 5%IT. 47 7 L —1 3 > —grid reliability & stability—
flexible generation—dispatchable (PV+storage) DIz d 5, ik @& 8 s & o & 4
#11Z X % grid stability  #EHD> DB 5, FHAMTAIIT T, ® 2 # | extreme durability (25 4) |

#3% @ scaling, environmental-friendly £2ffr, 72 &3 & 0 | K@M & @ L7 S AENF 58
LA 7 _XR=2a b MET, 29 LEERICEY ., MGIEKR & H7c e i 55 40 23 i
Lo lLELEDT,
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Stock Market Activity

+ In 2018, many solar stock prices plummeted after the Chinese * While most solar stocks performed poorly in 2018,
announcement in late May of a decrease in subsidies, causing installers tended to perform better than manufacturers.
an oversupply of PV modules and cells in the marketplace.

* In Q4 2018 and January of 2019, solar stocks followed the
general marketplace, recovering 10% of their losses from
December 24, 2018 to January 16, 2019.

2018 Solar Stock Performance

2018 Stock Performance
()
(=]
=
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Vivint Solar

& |nvesco Solar ETF (TAN)
© 7| sss=S&P 500 Index
R ussell 2000
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Shunfeng
First Solar

Enphase Energy
SolarEdge

Jinko Solar

NRG Yield
TerraForm Power
Atlantic Yield
Pattern Energy
Azure Power
SunPower
Tainergy Tech
Solargiga Energy
Meyer Burger

% Change (Index: 1/2/18 Adjusted Close)

Canadian Solar
Wacker Chemie

T T T T T T T T T T T T
Jan- Feb- Mar- Apr- May- Jun- Jul-18 Aug- Sep- Oct- Nov- Dec- Jan-
18 18 18 18 18 18 13 18 18 18 13 19

NREL |

Iy
e}

Source: Stock market: Yahoo Finance (01/19/19); Mercom (01/19/19).

1 9. Solar stock market @k (https://www. nrel. gov/docs/fyl19osti/73234. pdf)

(2) M.Nakamura & (Y —Z—7m 7 4 7) %, “Cd-free Cu(In, Ga)(Se, S). thin-film solar
cell with a new world record efficacy of 23.35%” & L T, R mah=® 23.35% D Cd 7
J —cCu(ln, Ga)(Se, S): KB DI EEZIT>7-, BFIRIICHEITF. CsFAE, Ga/(Ga+in)
and S/(S+Se)LbDHIENC L D8N R¥ v v 770 7 7 A VOE{ibN 2 S TnD, T =<viaN
Y R¥y v 7 1.0~1.2eV OfEILT, 205 22%LL LS FATREE DFETH D

7.3 III—VE{LEMELABIUOEXMKBER ST !

(1) Brendan Kayes (AltaDevices) IX. ” Empowering Autonomy with Thin-Film ITI-V
Solar Cells” CEL T, YL —F UV HEHEIT-oTo, Kb T v TORIT, Alta
Devicesth: @ B4 & KRG HE M T D &\ 2) F£29.1% (i F50. 998cm®, Voc=1. 12272V,
Jsc=29. 78mA/cm?® FF=86. 7% ) ® GaAs K5 & 2 2L 25. 1% ([E F&866. 45cm®, Voe=11. 08V,
Isc=2.303A, FF=85.3%) DGaAsfBEM T 2 — L ORISR N> TS, F7-. XK
N o7 7 SBICEDNIEX, K2 0WRT XIIT, GaAsHEEARIGEMTLH ., 2
2% MAMNARETHDZ N RENTZ, AltaDevices®HffTix, 70% UL LD 7V B —H
DOFHBRT, EAL—T v b HBIMOCYD (G4 B <A FE) Fffr. ELO (Epitaxial
Lift Off) i & EL2a— AT L7V 4, CHEPDHD, mmEOERMI vy a
HESLABAT v a VEONH~OSANCMT, MEORFr— V7 v 7IZEHLTW
%, FHHITIX, InGaP/GaAs/Ge 3 #2 & KIGE ML H W H AU TW D A, K250/WE &l T
H D, GahsK 2 ARG EMIL, KA b, @O, KR ERE. B BRI O R
EZAHL, & OIWkg) . ZVFXF T 7L AHETH D, HE)H [T KGEM S 5B
BHCThDH, PIAXHBED 7Y 7 ZAPHV] O — 7 |ZHEHEEINTWD KGR ET
Ta—nF, RN F V= ZOHITEY 2 — LT, HITIZ Y U 2 U5 5 KB EM O Cldik
BV DB REFEZDLN, FOfEIZ20%1E E T, AltaDevices® GaAs ik 5 K |5 75 ih,

13


https://www.nrel.gov/docs/fy19osti/73234.pdf）
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I, 25% L EomhERERMETEDHELTWD,
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112}
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Voc (Yolts)
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324

32.2
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32 . ; Lo
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Reflectivity

X2 0. 3 pum/E GaAs H A EM O R KHIC KD mA=EOTEMEICE T 533
= L— a3 AR (0.D. Miller et al, IEEE Journal of Photovoltaics 2, 303 (2012).)

(2) Ryan M. France 5 (NREL) [&. “High efficiency 6-junction solar cells for the global and direct
spectra” & BH L T, U E2IER 6 B2 KIGEMICET 2B ELL1To7, K2 11E, 685K
i OIS 4 o3, Invertedmetamorphic 6 #2153 T, 2.1eVAIGalnP/1.7eVAIGaAs./1.4eVGaAs
¥ 735 R 11.1eVGalnAs/0.9eVGalnAs/ 0.7eVGalnAs ¥ T+ R ES RN B2 5,

X2 LIZRT LI, T ARESFRTIX, GalnP (Sb) MARMBER N> 7 7 BAH WD
., 7 rof 2 —axysarb LT, AlGaAs QW (E1H ) TI (b L8
&) & GalnAs TIAHWLNLTWD, W T ELDANXNY ML Fa—=T%EEL T,
7 NEOREAN S TWD, 1-sun T, 39.2% O R @ B R S LT W
E.’)o INFETOMREEZFEIL, Spectrolab D 4 AL DEEK 38.8% ThH 7=, X2

i, Y7 EAroBEBERKE ERE UMEEIEZER) RSN TWL, 1., 2.

Tﬁ/\@ SEBRROWBEBRMADH D . BR 40% L EiT, EHRL LS, 6 EAOENH)
EDOT=DI2ix, BB KLKOKBNREETCH-7-, M RVESNDL O Zn JEH O I,
ANR—=HEOFHANTNOLNTWD, K2 2%, 6 A5 /LVOENRKMELZ T, 144 1%
BT, R ATL% P ERL SN T VD, ZiLE TOAR S HRIL, FhG-ISE O 4 #5
AT, R 46.1%., VX —TD3IEA BT, $FR4MA% TH-T-, K2 412R-T &
912, Best Efficiency Chart A FH ST\ 5,
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6J IMM structure

6-junction inverted metamorphic multijunction

Building blocks

/ * Reverse heterojunction AlGalnP

* low bandgap emitter, high bandgap base
. AlgGaAs « 700 Ohm/sq, 1.55- 1.6 V

awT \ *  Myles Steiner, Friday 10:30am, Area 3

AlgGa 4A . . .
5\;\?%8 » Transparent, high bandgap tunnel junctions

A'g&\?ﬁs * Metamorphic tunnel junctions
GainP grade * Low threading dislocation density, high

1.2 eV Gagaln 16AS performance lattice-mismatched GalnAs

2°B Miscut
GaAs Substrate

2.1 eV Al 1gGa 33In 4P

Growth ——

Direction 1.7 eV Al 5Ga 7As
]

|l GaAsSb/ .
GalnP grade GalnAsT.) LMM GalnAs Woc 0.4V
*  Kevin Schulte, Thursday 11:30am, Area 5
0.95 eV Ga ggln z4As
l— GaAsSh/
GalnP(Sb) grade GalnAsTJ

-+——— | attice Constant ——=

2 1. 6#AKEEMOHEE (Dr. R. France $2)

6J IMM 1-sun record efficiency

1-sun JV External radiative efficiency
OSMSS. certified Electroluminescence, direct spect. device

6 & DeviceID MR410 MR497
Spectrum  global direct

External Radiative Efficiency

Current Density (mA/cmz)
N
1

L Joo (MACM?) 8.5 8.6 -
! FF (%) 83.5 84.9
21 Voo (V) 5.55 5.39 -
Eff (%) 39.2 39.4 Ll
0 ...... e e 2 4 68 2 4 68 2 4 68
1 10 100 1000
I I I I I Current Density (mA/cm®)
-2
0 1 2 3 4 5 6 Subcell Wocs @ 8.5 mA/ecm?
Voltage (V) J1* I7} 3 1 15 16
39.2% at 1-sun: Global | 0.63 | 0.48 | 0.39 | 0.38 | 038 | 0.44
Highest reported 1-sun global spectrum efficiency Direct | 0.62 | 046 | 040 | 0.35 | 039 | 0.44

*with respect to base bandgap

22. 6EAKREEMD 1-s un THO T — VEME (Dr. R. France #21it)
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6J IMM record concentrator efficiency

6.4 ! ! '..." .
) r e .
8 60 N ® ® ] Grid spacing 150 175
mg > 56 ® -] (nm)
;% 52 [ [] @ _ Concentrator ' i
= 88 |- B g B = | data (T-HIPSS)
= |
@ - | EE
7] = 1-sun data
‘03% T % = A a2 = | (oswss) V|V
[T B -
€ u mE ,
g 8- ] Lsun JSZ 8.62 | 8.48
5 prys E (mA/cm?)
© Vv 1-sun
< 6 4 Vi oW o 39.4 | 382
< 44| v Vv | | Ffficency (%)
? 42 Var1:2.4% f _|
(5}
Voltage (V) S 40 b4 @ 144 suns |
I sl 4o 44.9£2.3%
36 @ 1115 suns
Vv | ] 1
47.1% at 144 suns: 0.1 1 10 100 1000
Highest reported concentrator efficiency Concentration (Suns)

Independently certified by NREL cell measurements team

2 3. 6EEAXKEEMOESNFME (Dr. R. France #2£1t)

Summary

52

ek Zn diffusion control
* Nonintuitive base-BSF-TJ optimization
44~
Excellent 6J IMM performance

* 39.2% at 1-sun, 1-sun record

36| * 47.1% at 144 suns, concentrator record
* 44.9% at 1115 suns, direct spectrum

S T-HIPSS measurements, NREL verified | T

|- TSN TGreeUes (T
28 V' Tinfim cryeal

400

Radboue Uny "1

ot
B Ao (824)

24

20‘_». Cercer

Cell Efficiency (%)

B I R [ R B R ] B R I PR O B

] L1
2000 2005 2010 2015 2020

(B ] O NS B v W (A

| 1L
1980 1985 1990

2 4 . Best Efficiency Chart (Dr. R. FrancefZfit)

IS W N N S SO S |

|
1895

7.4 KEESIKEEEMYE

(1) Denis De Ceuste (DDC Solar) IEX. “Passivating contacts: Prospects for high
volume manufacturing” &L T, F'—F VU #EHEZ 1T o 7=, 2 527 & 91T, PERC
HED, mSIKGEMOBEDO LR Th H, Fax OHIMABICL DB LR EE, X
N—"T" M BB SN TWS, Longild, 24.06% OPERCE /L DR A H L TWD, L
2L, PERCENVOBERANHEHIN TS, M2 61" TLII2, Al —BSFEVIT,
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T NE20% BRI T, PERCE VI, 23.5% 03, ZhIER M Th %, Passivating contacts
N, WHARKEEMRE LT, fb#fFS T35,

PERC is the benchmark

vvvvvvvvvvvvvv

48 i T OK Ipesih - -
0% | 10x10 ‘% ! Ipesih) i

[N)
S
&

1000

N
@
Q

Texture
/M AlOx

5k [pes/hll 600
Printing, "=~

8 Diffision 5

N
N

Cell efficiency n [%]
s
CAPEX [million RMB/1GW)

Throughput of single tool [pes/h]

u'vm:vim *'953;;"23%'355\‘95_ kg ey A0 2012 2(;14 2016 20118‘ 20‘20
Fabrication methods Year
) Hongbin Fang
Byungsul Min, IEEE JPV, 2017 Yifeng Chen, IEEE JPV, 2018 PVCellTech 2019

X 2 5. PERCAEIED EHE (Dr. D. De Ceustef2fih)

PERC limitations

* PERC efficiency is limited by

T i T Y T L] T b
recombination in silicon and under the ¥ %0+ .
a6 3
contacts g 5
» Aluminum as localized BSF excludes the use 3 S
of better N-type material T i
* BSF and selective emitter can only partially é Passivating . 55.0 9
shield the recombination at the silicon/metal g 24- Contacts o
interfaces z PERC ~235%
S 22 4
8
S : : o, | Al-BSF |
* Passivating contacts is the most credible §
candidate for next generation solar cells 3 |
after PERC [1]

20I10 ’ 20l15 ' 2(;20 ' 20125 ‘ 2030
[1] M. Hermle, nPV workshop, 2019
2 6. PERCE/LVOZHREBIHK (Dr. D. De Ceustefifil)

TOPCon (Tonnel Oxide Passivated Contact) 725, WAk KIEEM O E 124
ThHhoHERTWD, M2 712, TOPConk ~TF 4 (SHT) ik KB M o el 2 7179,
TOPCon & SHID #2372 S 417z, SHIIE. & ke L, IRIREFREL, bifacial, EH 7 vk
A7 —DREEAT D, N Y=y 7iE, 199TURKEAEZRK L, MiEX T —L
DFRIT, 23% LU ETH D, B3 IE,. ASU, CSEM/EPFL, CEA/INES72 ¥ TR I TW
5, BWEESLHX X 4 T A %, Meyer Burger, AMAT, INDEOtec. Von Ardenne’s & 75
ANFETES, KEAPED, CIE, Hevel Solar, Sunpreme, 3SUN/ENEL, Hanergy. REC.
Jinergy7e ¥ C. P TH D, —J7. TOPConlL. JeH{k72 L. bifacial DEE % H L .
TrinaZd, 24.58% 2 #EK L, A2 v b T4 VORI 23% LN ETH D, HFZERRILTE
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T, Max O A 7> a3 (LPCVD, PECVDPVD, APCVD, £ A HE AR E) BNdH D, ¥
B l%. Meyer Burger Schmid, Tempress, Indeotec., Centrothem. OLT., Von Ardenne.
Semco, Intvac’g E7nH AFTE %, Trina, GCL, JollywodZ2 E8, /XA 1w b T A |
BB AT —YTh B, TOPConld, BIfFEDOPERCT A v 52T v 7 /L — RKT&, Fx D
V=V EIEHTELAEER L LR TS, K2 8ITRT LHI1C, ~7TafEs (SH))
KpEM LIV b, KaX T, MRkOBXBORB LD D, BWMOIT— LT, BEOD
passivating contactsZ 2O ¥ A RTOPConTdH b, hEIZ., A XV EB—T a3 DA v
TV —vary KRaAMNT =T 407 RNRyvX—va rEHEIERNAA—Z ]
mETH D,

Includes a thin layer that separates the absorber from the metal electrodes and
shields the bulk from the infinite surface recombination at the metal contacts
* Intermediate Passivating Layer (IPL) provides chemical passivation to the interface [1]

* Carrier Separation layer (CSL) provides carrier selectivity from differences in Fermi-levels,
bandgaps or work functions

Passivaing layer Hole-selective
hous si Iybe

(a-SiH) oxide (MoO,)

Tco (O
oS (p)
oSk ()

N type

- v

il Heterojunction solar cell

a-SEH M
aSiH(n) K
rco

(Hybrid) TOPCon cross-section
--Yong Liu, Jollywood, 2017

_ . _ Si0e=16.4:3S,,=14.3

S10e=14.17 5,0, =13.5 - i Sie=13.3(Ti0,) S5, =12.5(MoOx)

[1] Glunz, 2017 IEEE PV Conference

Selectivitv values from J. Schmidt. Solar Enerav Materials. 2018

X 2 7. TOPCon:t ~7 w4 (SHJ) M KGHEMOLE (Dr. D. De Ceusteffit)

SHJ cross-section
C. Ballif, 2018 IEEE-WCPEC

--J.Bullock, Nature Energy, 2016

Cell CoO [$/Wp]
- 0.156 Cell CoO [$/Wp]
Dish e 5143 0.130 TOPCon+ assumes:
o : so.14 0.124 = : - N-wafer price drop
o so.12 el ' 00266 (10% to 5% from P-
s 010 i type)
‘ - APCVD or PVD for
5008 $0.08
passivation, in-line
RE S0.05 anneal
so0a s0.04 - Poly from 120 to 30nm
fage o - NiCu plating
$0.00 $0.00
1:\/“.:] MST"M PERC TOPCon TOPCon+
e [S/Wpl [5/Wpl 5ol
mWafer Price ® Front and Rear pastes @ Other cell consumables
™ Electric ty Direct Labor ® Maintenance mWwafer ®FrontSide M Passivation Metallization
Re-drawn and adapted from M. Re-drawn from J. Rentsch, PVCellTech 2019
Woodhouse (NREL) 2019 Assuming PERC at 22%, TOPCon at 23%

X 2 8. PERC. SHJ. TOPCon®t /L2 2 FEb#E (Dr. D. De CeustefZfil)
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7.5 ¥ 772V B—Tar:

Uwe Rau (RWTH Aachen . *Forschungszentrum Julich) I%. “From the Cradle to the Grave-
Characterization of Photovoltaic Materials, Solar Cells and Modules” ¢EL T, L —
F VB EIT o7, RIKIX. “Advanced Characterization Techniques for Thin Film Solar
Cells (Wiley, 2011) ” OXEFHE TbH 5, KEEMM BB IOCT A 20Xy 77 4
VE—Ta BN, BN H Y | themodyamic (SQ: Shockley-Queisser) limit
EREODIT T, BxbERnEaxr L, 2 91F., fx OKBGEMDOERD v
77— % & Shockley-Queisser limitiZ %t 2 2 mJ  fEx OFLN A2 T 5, GaAs
KiGEMIL, mmEARL 7+ b UY A2 U 0 70 XD FHEEEHEKORBCETE KO
IR e S, BRI EALTNDE, a7 A0 A4, CZTS, QD7 &, #H LW K
BHIL, FLEZLOBRKEDLPDLDZTVWDL I ENDND, B3 0IICRT Lo, KisEH
(23T, Shockley-Queisser limitiZ BN & 4L 5 W FEAS AR 5. FERO IR A . K
PHEARET AL ALV TOEENSH Y . £, LFHRMBIT & EE, RIT, ik
WS O & B8, IIB AR EEXWFREOMIT L E%, PV ETHDH, KEE
M ONEFFEITIEL, B2, BRIRE., NERELE 7213, outcoupling, #ME5t&
TRV EBSIND, BIEHEIICTHOWTIX, Shockley-Queisser limitiZ i & 5 & 8 2% .
A ERmABRIENEMENS, B3 1T, FERLEROHKIZONT, EHLT
W5, flix OKRBGEMICENT, FEELEHFMFAB/EEEREDZN LD, A
FRRBGEMICE W TIE, A RGBSR ENITIS DN TV DD, FHERME OO RK
EHrblEbhs,

From the Shockley-Queissser limit — !) JULICH
to real (record) solar cells e

100

90 -

[ns]
(s=]

-
[=]

o
(=]
T T T

percentage of SQ efficiency
[yl
[==]

e
o
T T

3 | [l 1 | 1 1 | 1

GaAs SI CIGS ABX3CdTes QD OFP

Guillemoles, Kirchartz, Cahen, Rau, in print

29. HxDOKRGEMOFED kv 77 —% & Shockley-Queisser limit
x4 % = (Prof. U. Rauf k)
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How to move away from SQ? J JULICH

Shockley-
Queisser limit E

g Q.
‘2;

{.-'{atldr:qa:}we (E), n(E),d ‘9?% \ 1st step: optics!
s

optical model ,/‘

]’\..,____7____‘%_7£a nd)—)_é___j

2nd step:
nonrad. Recomb.

non-radlat)ye Q ®
case | 1 Q.

\/

o

\_\__.__x_h_ %
! T
mobilities fsCOm ’{fs@o 2
gy, e 2
contact selectivity TN %
®
[l

specific o
. )
device models £ de”\%b 5 defect densities..

X3 0. KEHEMIZI T S Shockley-Queisser limitiZiB N & U 2 it fas A2k, JEM S

ﬁc,/ﬁ}tg\gg\ HFHE LR EF AL 2 LLToHE % (Prof. U. Raufi k)
M) 0LICH
Summary of losses < J0LIcH

—_F

opt

sQ =
—f— quc %
no S
step-function
N
4 qvocrad
- 0.0+
non-radiative S P N @ é‘ X o
recombination Sy _Qoe? V?Qo«“ o« Qc_.:o“qoa“
5 O Q}
S$* & &
v ¢
- qVOC

U. Rau, B. Blank, T. C. M. Maller. T. Kirchartz,
Phys. Rev. Appl. 7, 044016 (2017).

X3 1. KEMmOKFEEILDOY~ Y — (Prof. U. Rauffit)

ZD%, MEIL NV TIE, X7 A, NORKBGHR 7+ hvIxv e A R ERN
W Eniz, 734 AL L TiL, faSiKBEM, CIGSSGaAsD = L7 kLI 3
v A (EL) A A=V 7 WEMR~ vy BT REBBMNINTZ, EYVa2—L
LUV TliE, InGaAsESIiD 2 DDELHT A T ZHWEHINHEN ST,
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7.6 X724 FRBIVUABKEEMSE
David Cahen (Bar—Ilan Univ. ) IX. “Putting Halide Perovskite Solar Cells in
Perspective” LEL T, YL —F VEEEITo 7=,

State of the Art for tandem junctions

GaAs-GalnP 2T, monolithic 32,8% LG Electronics (2017)
Si-GaAs 4T mecanically stacked 32,8 % NREL/CSEM/EPFL
(2016)
Si-GaAsP 2T monolithic, 20,1 % 0SU/SolAero/UNSW
(2018)
Si-PRX 2T Monolithic 28% Oxford PV (2019)
CIGS-PRX, 2T, mecanically stacked 23,9 % H. Shen et al (2018) :
With low band CIGS
2T monolithic 22.4% Q.Han et al,UCLA(2017) e e
2T monolithic 21.6% Jost et al HZB (2019) :

Si-CIGS studies remain very limited : The efficiency issue

Daniel Lincot. MRS.23 rd April 2019
M32. MfMxrxo28EARY T AKEGEMMOERFELDRD
(Prof. D. Lincotf&ft)

R T ABhA PKBEEMNRED N v 7 2D —o2L7720 %< OWF5EE. Biilign
SZALTWDL, "A FF7A4 X7 204 MMEOY—XAFERN BN, 48,
X7 A4 S KBEBEBmICHWD S TV D CHNHPLIZIE, 1.56eVOEBEERBR DN R
Xy vl E2HT D, MRERBLRATZEN, DX~V 7IEHE (100~1000nm) 2 FFH ., &
HW UL AR (GaAsiZIE W UNER%ER) . ¢ ~6.5, BENE (& 17.5cem*/Vs, IEFL12.5~
66cm*/Vs) 72 EOWMHEIZ O VT HIEXBb Tz, B FOf &= x /L X — L, 5~16meV T
B, EERAKEBMOEMZ R, 2000FE DRI, 8% O I DNE23. 7% (IfHfH
0.0739cm2, Voc=1.1697V, Jsc=25.4mA/cm2, FF=79.8%) DZE. I DHFFEE % DIk
MR B BTz, #ETIE, ¥ T AKRKEEROER GBI SN, ~12 7 AT A MSi
QWA Z T AKBSEMICE L TiX, Oxford PVAY, [HEfEL. 09 em’®k /LT, #h327.3%
(Voc=1. 813V, Jsc=19.99mA/cm2, FF=75.4%) Z#HEL CTE 7N . K3 21TR-"T L HIT,
i, 1 e’ BT, 2h328% (Voc=1.809V, Jsc=20.37mA/cm2, FF=76%) D#E I
TWb, Xa 7 A2AHA K/CIGS, Xu T AhA N/ XaT2AhA L 2#EHX T LKBGE
T, R, K x, 23.9%. 18.5% DRI TH 5,

7.7 FHAKXKBERB IOV AT AGH

(1) Yannick Combet (Stratobus) [%. “Stratobus™ - Energetic challenge toward
lighter than air innovation” (L T, L —F V#EEZIT- -, 3 327
Stratobus airship 1%, High Altitude Pseudo Satellite (HAPS)(Z /38 S A1, & 18~20km, 140km &,
32m £, A, HHOWEMAT, BN — & X 2 #2t9° %, Stratobus 13, 250~450kg @ payload
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H T, 100, 000kn DIz I/ 3—T& 5, KEEMT LA 1%, H 1100m" T, /T 1200V, H
7130k W, T, 540~800kWh D N 7 VICFEEINDH, ZOH L, airship @ 1 FFLL EORAT
W3 eD0ETHL, ZO7r Yy M, BUfE, feasibility stage T, KE5EM-D T, nf~
—ADNy 7 arH s b S KEFEMOKINR, A v R EOFRFEBIERBR e ST
W5, 2024 FF THEFET = — R, 2027 0D, EHTETH S,

3 3.Stratobus airship (Stratobus ;" — 2L X—7)

(2) M. Yamaguchi & (#:-H Tk, JAXA, JAEA) iX. “Analysis for Radiation Degradation
of Advanced Si Space Solar Cells” & B L T, Si FTHMH KB EM O E DR, Rk
DOBALICEA LT, #E L7, KIGEMOENL L, FHHAICHEDS, FHHKREGEMIT,
34T L HIT, Hifhd Si KIBEMIZHED . GaAs KM, InGaP/GaAs % 3
BAERGEmNFEMEI L, BIfEIL, 3BMAERBEMNEIRE o TWnD, fid Si K
ML, FEHAKEEME LTIL, ENRIbNEERH -7,

35%
—e— Si Space PV o
=3~ GaAs SJ B o
208 | |4 GanPiGaAs/Ge MJ canrsasep
A XTJ GaAs/
2= oA
§ GahP/GaAslGe" = .
5 25%- 1 Gaas!
25 Y > "
i 9 GalnP/GaAs/Ge GalnP/GaAs/Ge
o % »
= SJ
- g il GaAsi/Ge
< F sJ
‘6 g GaAs/GaAs
k- BSF - BSR Si
BE 15%-
=9 Textrured Si Thin Si (84 um)
3
= 10% p H_/
| i feva
GalnP/GaAs/Ge MJ
\W_/ Generation
5% - e - B
Si Generation GaAs SJ Generation
0% . ; . ; . ; ; : . .
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Date of First Flight

3 4. FHMHKEGEMD SRR O L E
(C. Fetzer et al., NASA/CP-2017-214494 (2007).)
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3 5. EHBIXOFEHM Si KGEMO &SR0 E (M. Yamaguchi FHEHEE}

RiT, I vy v a R a X MeEo S D, fif Si KBEBEM~0BELLEE -
TW5b, FHMH Si KEEM O HIRBERE X, NASAJPL, ESA. NASDA O v —
TEOMRFEIC, BEINTEZ, M35, FHM S KEEM O &)= D28 E % H
EH Si KB E L ik L CRT, FHHAXEERICIE, mRbichz T, ik
FHRRMIE A TR S 4v, #WIH (BOL) #h= X2 v T7 <, EOL (End Of Life) Zh= o m I
MERIND, n AN —2DOKGHMPEIL, p =20 DIZHTHY | EEIC,
pARIN—2D Si KIFEMmMN, FHAL LT, Anbh Tkiz, KFEMmMEEL., ST
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T, X3 6|2, PERL #i& Si AKF5EM & 25 H Si BSF M o bRk oo beigs 2 v 9=, #8 0 ¢,
Soui Si KBFEMIL. #MIHIZh=RIT, FHM Si KBS T, BTV D25, B R .
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7.8, 1.9 ®Va—), 8l FBEESRLSE
Chris Deline (NREL) I%. “Bifacial PV system performance: Separating Fact from
Fiction” LT, YL —F V#EHEHEIT> -,
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3 9. flx OMEHTHER S 2 MmO SR & R
(C. Deline et al., IEEE J-PV 7, 575 (2017) .)
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bifacial moduleld, Z 4L F T, RFE 2GWaxE 4L CTH Y . International Technology
Roadmap for Photovoltaics (ITRPV) T% ., #HIZI 1T Hbifacial /D v =7 1%, 2019
F15% 5, 20294E60% & PRI TWD, M3 9, M4 0IZ7-7T L9, bifacial
Y a2 —/VDirradiance ET MBI ONT 4 —b FEBRER R EX TS,
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40. BIOERERRE L REOHLOHITKT Bbifacial Y 2 —/LDH F
(C. Deline et al., IEEE J-PV 7, 575 (2017) .)

7.10 PV RT A, NU—x L7 bu=7R, RHEER, HFEWE. FUSEH :

Patrick Chapman (Enphase Energy) I%. “The Emergence of Microinverters and
Alternating Current Photovoltaic Modules” ¢ L T, L —F VEEEIT-T7-, £
TREBEOBCHAND o7, 20108 F T, AV /A RFEDHMEBIRTE>T2iv, 4V /A
RFOFWAE =R, v 70 A "= —%F LT HSolarbridgeth & I [F X L
72, 20142 D SunPower & O IEF VY x A 2 T, WEAE ., Enphase EnergyfiZ5EHI L 7=,
Enphase Energyth® 7w &% 27 MZE Kk L7, MOSFETXASICH & THERL v, %=
97.5% C, 40FEHFMTHY , KTV a2a— LT, A, [FENE, ACEY2— L%
GUPVY AT LORBEDORG S OE THM Lk~

7.11, 7.12 GSH. BOR, . ¥ REFSE

Andrew Blakers (ANU) (. “100% Renewable Energy” &t L T, YL -FViEE%
Tolze M4 113, HRICBITAEH-VOFEUARELRT, KBERELROINT
ANF—L—2ADOPBHELR-STWVD, T, K4 23T Ko, ARIE, ik
N H Y . KB E LB AN, MEAICLAFRICRD, 0% U LoHEHNORE %
FoZ tnifsahnsd, FKFIC, M4 3R+ X9, HERBRIL Y 2 D3/40 HIE N
AR TH D, 100% FHAEAFARZRAF—DOEBOLDIZIT, EEEA ML —U0, RE
Tbhb b,

ANV —=YOFNEME LT, pumped  hydro® ¥ — XA 5 R A2 L=, 616. 000D
off-rivert4 F3H V. 28HANh DA FL—IUFENH Y, M4 417 T HAEMRET XL X
— IR R BT DA R L=V RETH S, pumped hydrold, BREL7=HHF T, copy &
paste T, Z< OEMY A bRV | K= X b, REDPES Q~44) | BIEY X7 L0 ER

~7z,
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Australian

2, Unveraity
Global annual net new generation capacity

120

Solar PV and wind
100 have decisively won
the energy race
50 W Net additions in 2015
[ Net additions in 2016
© O Net additions in 2017
. B Net additions in 2018
Q
40
) I I H
o I I | -|_||_|. e
PV Wind Coal Hydro Nuclear Solar  Geothermal
(ave) thermal
M4 1. HRICBTEHTZY OFEAR R (Prof. A Blakersii i & £)

Australian
National

University

Cost of balancing 100% renewables (Australia)

Energy cost = Generation + Balancing

|PV & wind: $35-40/MWh |
Balancing 100% renewables Cost ($/MWh)
Storage (pumped hydro) 8
HVDC transmission 5
Spillage of PV/wind 5
TOTAL balancing cost 18 (on top of generation)
|New coal power station = $60/MWh I

(42, FA—AMZVT7IZBTLAK, PVHRJDOZ R LF—a X |k
(Prof. A. Blakersi&i{H & ¥l)

Deep emission reductions through electrification

Fugitive
emissions, 10%

Electricity, 36%

% of emissions are
coal, oil & gas

Land sector &

other, 12% PV + wind is the

only credible way to
eliminate fossil fuels

Industrial

processes, 7% Land Transport,

13%

Aviation &
hipping, 5%
shipping, 5 : L
High
temperature
temperature heat, 7%
re100.eng.anu.edu.au heat, 11% e 1

X 4 3. FAMRET /X —8 AT K 5 MERIEREAL T A B AR O 7] RE M
(Prof. A. Blakersi#FEEEH)

26



ional
Uni lversny

How much storage is needed?

Rule of thumb for 100% renewable electricity

« Large-area (1 million km?) system

* Both PV & wind deployed

Storage requirement ~ one day of consumption

Storage (TWh) World China USA Japan India
Required (2018) 70 19 10 & 4
Available 23,000 3,800 1,400 53 560

4 4. FAERMMRT LY —ICBHERA N L—U%E (Prof. A Blakersifi i ¥ k)

8. &M

i ® EU-PVSECPPVSECIZ b R T, KEFEDEHE DO EH S 2& U 5, Ron Sinton®Keynote
SpeechiZ/RE 72 L 51T, Xcellld, 20504F F TIZ, CO2HEHE A 100%HI T 5 & BEE
L7V OBEINSALOFIRENENT-, MT7TIZRLEEX DT, 20234 BB i, KB
FEE L W B KK A combined—cycle?y, D (Jfi+ 77, carbon captured coal
REI) VLA MNIZERMTHLZ ERTHIENATWS, 272, KB EFLEL
727 )=V XX =R OBEDTZDICIE, TV —7 ANV =X DEENRNE T,
AF 22 BE 36 o Il & By 1 72 feasibility ER L L E TH 5, tr%gujvkyya N
Understanding the Value of Efficiency in Mainstream PV Market” T/rEI 7z X 912, HE
S°BIPV (ZEB, ZEN) % BB B R0Si X VT L& G LR R 35% B 2 OB & E ¥ /TAitB@
BT Y 2 — VOMERE, Ny TV é:@/\47 ) v FAER, 5% FmtELEE2 N
%, 20305 D 3TW, 2040 D20TWO EBL DO 7= 121X, FEMESCY VYA 7 VELHRETH
Lo BEEVT A BEEBETHE, Si¥F V?A%’Eibimﬂ%\ 7p &N E BRI EAR ST O
T—=IR 0 EHTHD, WED4TT TEEE PVSCIEZ. 2020456 14H ~19H ., ) % -
HvH Y CTHETIE TH DH, 36" EU-PVSECIX. 201949H9H ~13H, 7 I A« v /L&
A =T, PVSEC-291%. 2019411 H4H~9H, HE - LT, BETETH D,

(B4 k)
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