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Important issues towards future PV

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

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

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

4. International collaboration to develop new application
fields such as automobile and agriculture applications
fowards creation of future clean energy infra-
structures. "
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GA-SERI Terawatt Workshop conclusions

* The world is taking notice of solar, though the world has not yet fully
comprehended its future value:

* Solar is headed toward being the lowest cost electricity in many locations;
continued lower cost is useful to make room for cost of storage

* Solar can provide much more than low-cost electricity
« Ancillary services to grid (frequency regulation, voltage support)
* Grid resilience
* Solar will enable electrification, which will reduce primary energy demand

* Solar has great potential, but we need to continue to support it both with
friendly policies and with more research
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(2) C. Gay (DOE) “Optimizing Solar in the Autonomous Energy Grid” &8 L T, 7L
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Solar Supplies Nearly 2% of U.S. Electricity

More progress must be made in order to take advantage of this domestic energy resource
and to compete in the growing global market.
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Experience Curves for Energy Storage
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Autonomous Energy Grids (AEGS)

Optimized for secure, resilient and economic operations
Key Features of AEGs

Central-station based Grid

* Autonomous — Makes decisions
without operators

2> 2l 57 K‘xﬂ%& o - 2
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Control
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o -
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1 1 Autonomous Energy Grids® #f 2 & 5% (C. Gay, Portfolio Review 2018, DOE)

Key Challenges to Grid Integration of Solar Energy

* The electric power grid has been designed for power flow in one direction. When more solar is
generated than is used locally, two-way power flows increase the complexity of system operations.

Best practices for integrating solar and distributed energy storage are all local

+ Effective utilization of energy storage or load shifting is in early development.

Unpredictable variability of solar power over time

* Solar generation levels vary due to the variability of cloud cover and weather, which can cause
challenges for grid optimization.

Inefficient distribution and power quality challenges

* Distribution sensing and control systems have yet to leverage advanced power electronics.

Incompatible or insecure grid-interface standards

* Inorder for all elements of the grid to work together, communications are necessary, which makes
cyber-security issues important.

SOLAR ENERGY .
. TECHNOLOGIES OFFICE
energy.gov/solar-office U.5. Depaitment Of Enerey
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History of renewables introduction

* The main driver shifted from RPS and residential surplus electricity purchasing to FIT in 2012
v' 26% annual increase of renewables
v" Solar PV rapidly increased (5.6GW (2012) - 39GW (2016))

Trend in renewables generation by technology
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Generation mix target in 2030
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Renewables introduction toward 2030 target

Before FIT After FIT [A] Target [B] Progress
{June 2012) (as of Sep 2017) (FY2030) [Al/[B]

Seetiemma 0.5GW 0.5GW 1.4-1.6GW 33%
—_—
SIOMmEss 2.3GW 3.5GW 6.0 - 7.3GW 53%
——— I
2.6GW 3.4GW 10GW 34%
5.6GW 42.4GW 64GW 66%
48.1GW 48.4GW 48.5 - 49.3GW
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EU-28 Electricity production by source, 2017 (in %)
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51X, 10.4%) B/ TWBD, Fm SisNy, FHm A0 /Ny U _X—v 3 VOILHM n/p Si KB
B (B 23.9%) 2. A RAvALICHONLR TS, a7 AH A~ (CHNHPBI3) b
v 7T, R AR, BER AR L ITO=2 X7 AAVWLR, EHROZ Y v REM, 1TO =
YA NOREN RS, EPBEROKE (U 5%) . vx FR—HEROEKE (U 16%) O
BREN IO TWD, 28+ T A0 A N/Si T AKEEMT, 1FE 22.8%
(Voc=1.75V, Jsc=17.6mA/cm2, FF=73.8%) ., 4 & FHER T, 2hF 26. 4% B HE LTV D,
R T AHA N/CIGS # T AKBEMTEH, WL 2Z%UBHELATNDHEDETH D,

(2) Stanford Univ.iZ. XU KX ¥ v 7168eVOXa 7 Ah A by AL ETY VS
MY RKRFZOBEFEESIR N2 Vv 7 EE28BAZ T 28 (1em?) T, 1
SIZART Loz, #h*E23.6% (Voc=1.65V. Jsc=18.1mA/cm2. FF=78.0%) ZHCTwW 5,

Ag

ITO

f 20

n Voc Jsc FF
L% (V) (mAcm™2) (%)
[ 236 165 181 79.0

-
w
| ——

LiF

Current density (mA cm™2)
55
T

Perovskite = 30
i X L
[ = E
NiO I e 5L
L 5 E
5 = o
a-SitH (n") S VS S

NI
0 10 20 30

[ Time (min)
ol b v vy
00 02 04 06 08 1.0 12 14 16
Voltage (V)
g 100 Losses:
7 A Reflection
90 F r 4.8 mA cm™
80 F
70 Blue parasitic
i s 12mAcm™
9 60 |
o £ NIR parasitic
5 50 33mAcm2
[
! 40F
30 F
20F
10 F
0 0 " L A1 L L
30 600 900 1,200

Wavelength (nm)

18. Nu 7 AHhA N/ ~TuELESiZ T LOI-VEM (K. A, Bushet al., Nature
Energy 2, 17009 (2017).)

My 7 AVKEEHR Ny 7R OEME LT, CHsNH3Pbl; (Eg=1.6eV) . CH3NH3PbBrs
(Eg=1.6eV) ., CH(NH2):Pb I3 (Eg=1.48eV) . CH(NH2):P b Br; (Eg=1.48eV) . O{t&W
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NhHbH, NUFRXy v 7168eVORXaT A0 A kv 7 EIET UM KEFEO S
SIRhAEBLDOE Y vy 7HEE 2SS XY T AEM (1cm?) T, B%23.6% NE 5T
W5h,

5.2 CIGS, CdTe, I —VI{tEMERELILDF :

A. Bayman (MiaSole Hi-Tech) %, “Has time for CIGS thin film solar?” &L T, 'L —
TV AT o 72, MiaSole X, 2013 T, N> H U —ITF& L, o A I K By e i oo 7
nHgy NEEBOTONAL—Th D, @FEKEGERORN S ®E S L7z, CIGS XI5 M,
CdTe KI5, ~m 7 AU A M KGEM T, %%, 22.9%. 22.1%. 22.7% . PER ST
W5, "EL L OEY 2 — LBHE T, CdTe KIFEM T, 17% TH Y . CIGS KB IL,
V—F—7nu 7 47 T, 15.0%. Solibro ™ 15.9% 72 & T, #idk Si KIGEHMOE Y 2 — b
MBEOX Y v FT I RUETHD, V=770 T 47 OREERERIL, 2018 /F 4 A
Wi, 5GW 2o 72t DETH D, FETIE, Y—TF7 =707 47 D 1LIGW,
Avancis300MW. Solibro145MW, MiaSolel75MW 72 & ¢, §lEF D H DL, Avancisl.5GW,
GES1.2GW, MiaSole2.1GW 72 & TH V|, GrEHF Db DA FHDH & FPE 9.1GW IZ72 5,
MiaSole ® 7 L % > 7Lk & CIGS Kt , HE /-, HZ Roll-to-Cell ® % — %
S HEE BAL—T y hTHDERRTZ, 22D 03m2E Y 2 —/LDOFEL | 2015 £ D
B 15.85% 0, A X VP —a ik, L oAb —MdECIK Egit L v . 2016 £ D%
F16.35% 207N otz, 5T, Ag-CIGSIZ X B2V + V) 7 Hm8MEkE, A% ¥~
va vk, % Egih. TCO 7t ALV, 2017 4ED PR 175% ~ &, SN T
W5, R¥FELOHFENEORR TS H L5, #inb . 50W, 125W, 2950W, 1200W & & %,
Transportation ZE ~ DS A Z Rt TH 5,

5,3 TII—VEILEMELELIUVEXLERGERS T -

(1) A.J. Ptak (NREL) I%. “Bringing III-V photovoltaics down to earth with dynamic—hydride
vapor phase epitaxy’ LT, PV —F VigHEITo7=, 111-VE/I, &EEN, @3 A B

T, FHA L —MELHRLNTND, 1% 30% T, 2 A F$0.5/W (50MW/4) Z4H > T\»
5, lII-Veroazx iz, B3I o1Fic, EK, v, 127wz, £41/3
LEZLNS, Hia Z F ofERICiE, Si & ¥ F 4% ELO(Epitaxial Lift Off) 7z & 258
MEnTwz, tvRECEVTE, ORW7Y A—Foffifl, @7 Y 7 —5 OF| %)
Kl b, @QFE#EEE, mALV—7y b, MEa X MEIcERITH 5, HVPE (Hydride
Vapor Phase Epitaxy) 3. AL — 7y b ORRE%EZH T3, ko HVPE Tld, ~F

nr e REORAMBECHEICHELRD 522, HHKHEZEIC X% Dynamic-HVPE
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(D-HVPE) Z#igt L T4, InGaP/Gahs:Se (2um) /InGaP % 7 /L~TF 0 BifEA KB T,

Zha 25.31% (Voc=1. 082V, Jsc=27.95mA/cm2, FF=83.8%) ZFEHLL T\ 5, KD MOVPE (Metal
—Organic Vapor Phase Epitaxy) ZH.AT, @B T, FEOME/HFLNATND, KEFE
Rg=68 1 m/h @ HVPE T, Voc=1. 08V 73/% 541, Rg=6 um/h ® MOVPE @ Voc=1. 10V &2\ & DHET
HD, 52D EHMERe=195um/h TH, 2L 26%IXARETH D & LT\ 5D, InGaP/GaAs 35
KB TIiE, #h=R 23.7% (Voc=2.41V, Jsc=11.2mA/cm2, FF=88.4%) IR TH 5, BIPV X
Transportation %, Hi L ~OFEANED X, KRERTHGEADIMFHFTE S, F1%DHEAT, 5.5
B~2TE RV, KI5 %DBAT, 42F~152 18 Kb, ¥ 15% DB AT, 158 fE~256 {& KL, 2K
AENDLEDHETH D,

(2) M. Steiner (NREL) I%. IMM (Inverted Meta Morphic) 6 #:& K& # T, 2R 35.8%
(Voc=5.301V, Jsc=8.05mA/cm2, FF=83.9%) % ZE L. KE=H D Best Paper Award &2
B L7-, Eg=2.06eV/1.70eV/1.42eV/1.15eV/0.94eV/0. 70eV T, R SN T 5, K. Araki

(BHLK) I, RAXNTA-2EH2HEES 25 &, Winxs e, FHRFEER T

STETEDOFFEMEBEEZME L 72, .

5.4 #H#RESIKBEMDE :

Q. Wang® (Jinko Solar) I%. “Manufacturing crystalline Silicon PERC solar cells”
LT, —F UV E#EEEIToT-, X1 912, JinkoSolard v = N, )L, EFEY 2 —/LD
EPERML A RT, Jinko Solarld, 1IFOFELEZAH L. EF£E15, 000N T, ZiLE T, 26GW
Uk, HmLTWd, M1 8IZARTEIIC, v, B, £V 22— VOEPFEHRZFHE
WXL TWwWb, PERCE VL., M. fmSiABEMD EFH TH 5, 19844F, SERIDIEZE
TH Y, 19994E DUNSWD 25. 0% 2 D72 > T\ 5, mVoc, RO E L AR 2 E
N D, Jinko Solarid., 201845H 2., 6 A > Fp-typeH 5L PERCHE & KI5 &M T, 2%
23.98% /TN DHEDHETHDL, BRI v ¥ OiwHL, Rii, Bl Ny I N— 3
ZREARIZC L DHEMEMLE. 7V v FERFHEICIDIEIEIK EFFLEN . 2SN TWD,
p-type % #i& fin PERCH# i K By &8 il T 1% . #h 2 22.0% (ifi £ 245. 83cm®, Voc=671. 7mV |
Jsc=40.66mA/cm*, FF=80.9%) DR TH DH, AEL VLD EL | 20124 D20.2%
MH, 201THED22. 7%~ WEINT WD, HHROPERCE VD AEFERBE S | 20154 D AGW
7236, 20164F14GW, 20174E23GWE 72 0 | 20184E1F45GWD TAE RN H VY . 20194E67GWD 7 F 7
VAL DD, BRIV LE, EV2 - AHROREBENEHETHDL, EVa—/LT AN,
$0.23/WoRPLTH D, bR dmahEl, K= X Mz, XHITET 2 MG R
H, 5N,
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~12.5GW

Jinko's Capacity
MW

9,000
8,000
7,000 6,500
6,000
5,000

4,000 3,200 300
3,000 2 o00 2
2000 1500
1,000
0

zm 2015 2016 2017 2018
Wafe " Gell = Module Planned

6,000 8,000

19 Jinko Solar®w x N, B, EYa—/LOEFEHRE (Dr. Q. Wangffit)

5.5 F¥ S48 )E—>arvak:

R. Sinton (Sinton Instruments) £, “Challenges and opportunities in cell and module 1-V
testing” L T, YL —F U #EHZIT-o72, B, FEV2—LDIVT A bDHiEd#H. ik
R R_osn7z 77280, V77 L0 AEY2a— L 2HEL., EAELE T, Y
RFET, MEZTAE, TV =2—VHAES, flIE, 268251 % T, @ESh D, R
ﬁmﬂwﬁbsé%@mv77I/yx%%“/w%o\twmij’n~—7“’*0)Z<1i?ﬁ7b>éZﬁ‘%‘zéo%iﬁ\

ﬂ"“zﬂ/ﬁﬁit()ff%fb\éiﬁ M2 OorRd Lo, mah R nRSiKEEMIT. pHSik
e LV . 200 M WERAECE RO, WMIEEFJ(CV)/dtas ., I-VE:MERIE ’%ﬁéb
e P E zﬁﬁﬁwé%'@zéo X 2 112”7 & 52, 200msD ] E K [ 23 2 \g&iﬁéo

sunpower’ R

1 Sanyo 2016

10 E
3 PERC Cell (3 Q-cm)

Standard Screen Print (1 Q-cm)

Capacitance (uF/cm?’)

1
= p-type n-type (1 Q-cm)
—p-type n-type (3 Q-cm)
—Dp type n type (10 Q-cm)
0.1 " 1
500 550 600 650

Maximum Power Voltage
20 nf, pfihdh Si KGEMOFE—R K AIRFOEE (R, Sinton, FH{HE R
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Modeled Si cell (V,. = 720 mV, thickness = 200 pm)
IV curves at different ramp rates

0.045
0.040
0035 | o
£ Voltage Ramp Rates —Steady State
=]
= 0.030 H
< Ej 2ms 100 ms \ \ —100 ms
Zo0025 || —os | / 50 ms
2 Q05 ' / \ \ \\ —20ms
g 0.020 | goa | /
- 803 / \ \ 10 ms (industry std)
Soo1s | S, /
o 0.2 / -5 ms
5 0.1
O 0.010 H 0 -2 ms
0 20 40 60 80 100 \ \
0.005 1 Time (ms) \ \
0.000
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
L]
~&inton Voltage (V)
L]
Instruments

X2 1 nfHEEL Si KB O I-VEEO ERBRKERRICET S PCID V2I L —v 3 v
B (R. Sinton, #/HERN)

SORDIVEMEDHTIERN, BEEIN TN, T4 ZPHEX—2 |2, R1ITRT X
IIRMBNT A= BB E T NE LRI, R 21TF HWEHAST A =2 ORE T ik
7.]—_\‘.;—0

X1 I-VEFPEHIE T, ZBET_XREYWE T A —% (R. Sinton, i &)

Step Metric Fundamental Analysis Impact Analysis
Feedstock Tvs. An Tvs. An Implied IV curve
Crystal Tvs. An, Q-cm, trapping Tvs. An Implied IV curve
Wafer T Vvs. An, Q-cm, trapping TVs. An Sorting
Dopant diffusion tvs. An, Q-cm, trapping TVvs. An Implied IV curve
Passivation Tvs. An, Q-cm, trapping Tvs. An Implied IV curve
Cell IV, R, Ry, TVs. An, Ny Tvs. An Real/pseudo-IV curve
Module I, V, R, Ry, TVs. An, Ny Tvs. An Real/pseudo-IV curve
System I, V, R, Ry Tvs. An, N, Tvs. An Real/pseudo-IV curve

®2 FWEANTA—FOHNESGEm (R Sinton, F#HE K
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Parameter Method

IV parameters MultiFlash or SingleFlash technology; filtered Xenon light
Substrate doping Time-dependent continuity equation

Lifetime vs. excess carrier density | Time-dependent Suns-V,_ data using doping result

R, Evaluation of IV and Suns-V, curves at J,

Re Ohm-meter in dark at 0 Volts

Voltage (Strategic, 6 points) 8 Channel simultaneous data acquisition

Current same

Intensity same (using silicon reference cell)

Temperature RTD

Capacitance effects Constant charge method ( EUPVSEC Dresden, 2006)

5%
4%
3%

2%

mIIl'II
0% ...---7

3> o S
> & D 2
RS ‘.\\@ ’b(\ \\o Q}% o O b‘% \o \o &é &’o . ?.,@\
KR .« & & K & < &Y X
N & ol & ot O ¢ & © >
A N N e Qp K G
.Y & &¢ N o 3
¥ & & X F & L
Q LR &
S @ S ) LV XV 2
& @ & <& L e e
K @ >
RS < M
3 9
>
Q% «®

c David D. Smith et al. “Silicon Solar Cells with Total Area Efficiency over 25%” IEEE PVSC June 2016.
~1nton 4 0

Tnstruments

B4 2 2  SunPower® IBCH fh Si RS B 0 R K MEHT#E R (R, Sinton, &0 & £h)
NI LEXXx VT HEMEEALRENLHEONDI VXY YU T HFMIT, b, ~SLvrd
Bxvy V7 HEMT, BMBERKOBIZLDN, IblC, KAy rX—var, BiER7ek
AREDOBYRORE MR AERK ., 2 ENTREIND, KIBEMOBRMITLEZE T, K2 212,
SunPower ® IBCH# ft Si K B 7 L o 8 L AT /5 R bR STz,

56 ROJRANWAM FELIUERKEGEENSE
A. Hagfeldt (Stanford Univ.) I%. “An introduction to the unique success story of
perovskite solar cells” LREL T, Vv —F VU#EHEEITT-T-, X072 A4 FKBEEMR
WRIED FPEy 7 Z20—28720 ZLOMRE, FFEPSZALTVD, 40, ~n7
AT A MK EIZHWD S TU 2D CHNHPbI3IE, 1. 55e VO EHBEBR DOV RX v v 7 %
AT 5. INREERRLIZZN . DR v U THLECE (100~1000nm) Z 55 @ EWINER £ (GaAs
PV IEWR AR ER) | e ~6.5, BEHE (B 7. 5cm®/Vs, IEFL12.5~66cm?/Vs) 72 & O Wk
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WZOWTHBRENT, BEFofe=RfLX—X, 5~16meVCTH Y | MR KBGO
A ZRT, 2009E DN 3R3.8% 0 b DN 22. 7% (1 FE0. 0935cm2, Voc=1. 144V,
Jsc=24.92mA/cm2, FF=79.6%) OZEE, HEOMERBEORN DB, ¥ 2 31T,
X7 AHA NKEGELOEDHFELOLEEELZRT, 2000F12, BEERLOTV—TRN, BF
B KPR B M D sensitizer & LT, CH3NH3PbI3Z A L., ZhHE3. 8% 2 BT-DONEMI Th 5
(A. Kojima et al., J. Am. Chem, Soc. 131, 6050 (2009).) .

30

3? /;”k——'_<>'4)

g 20 - -

9 &

o ;

£ %

Q ~

gi0f Lo o :

8 vant ——CIGS

(o] - ——CdTe

% —l—Perovskite

o 0 N 1 : I 2 1 N ] N

1970 1980 1990 2000 2010 2020

Year

K23 X7 A0ANKEBEMBOEDFELOEELE MO KEGEMDZFLE (29
EU-PVSEC&i# /N1 74 bk : Dr. A. Jaeger-Waldau#z fit)

EPFLOYRIE AR 572, FAL MAPb(l1)Br)R DX 7 Ah A4 hDOE T 41 P— Hi
BROWHFEICLD, x=0150 X1 7 XA H A b KPEMT, 2h3E21.6% (Voc=1.14V,
Jsc=23.3mA/cm? FF=0.78) # 14 T\ 5,1 7 A H A NSi% v F L KMEM TlE, 21525.2%
DR TH D,

5.7 FERAABEMS LU R TLRE

P.R. Sharps ©» (SolAero Technologies Co. ) IX. “Current perspective on space
photovoltaic power generation” CREL T, L —F U FEEHLZIT - 7~, 3808 UL D SolAeros
HoOmENYE EICH D . K, 1100823, 2, SFEROITL LFONLFEICHD LD &
Thod, M2412, mEORNOEELZ AT, M brEL, &gl s AR, K=
A NEHB EERIATWD, HIEHERZ20 | By s, @kt (mEYY o) |
HEYDOW LB BMENERE NS, M2 512X, Fl M KEEM O &R HE
BERd, 1958F3HITHIT G LT DR — K1 5Lk, BERSIKEGEmNSHWHN T
X728, 19784FEE N D GaAsKBEEML, 19924E6{7 5, InGaP/GaAs 2 #4 KM E i, 2000
D 5| InGaP/GaAs/Ge 3 #2& KIEM AW H LTV D, 3 & B L o EH I X
LEETH D,
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" Space 2.0

Space 2.0

® “Historic” space satellites — Space 1.0

Solﬁ@ffy A 2Miance

Large, limited edition, “unique” satellites
Design work & analysis requires high NRE
Unique cell form factors for each satellite 1 ! i e
Automation difficult due to cell/panel uniqueness i !
AF ManTech experience

= Modularity was goal

= Every prime contractor has a unique, advantageous design

Broadband driven by latency and signal
Earth obs driven by low cost (CubeSats)
Automation compatible for panel assembly
One cell form factor

Fewer parts mix

High volume

All lead to lower cost

X2 4 HEORKWDOZEE (Dr. P.R. Sharpsizfit)

Historic Space Cell Performance

= 1 Sun, AMO, 28°C Manufacturing Efficiencies

35.0% . .

Historically there has been a IMM

drive toward higher — .
30.0% | efficiencies that has always ——

been advantageous at the lll-V GaAs — Also UMM,

| system level. Lattice A Alt
25.0% Viatched 57 Materials
DJ

20.0%

15.0%
/ﬁﬁn"’/

_—
10.0% Vanguard 1

5.0%
1950 1960 1970 1980 1990 2000 2010 2020

%25 FHABELOEHELOHES (Dr. P.R. SharpsiEfit)
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Historic Perspective Solkery @A sizne

2009 - BOL at 28°C Efficiency was #1 Driver

33.0%

77 (34 IMM) (4J IMM)

i~ ’ In &3JIMM-M &4 IMM-M

qualification (Monolithic (Monolithic

Present (1) Diode) Diode)
Advanced generation
BTJ &ZTJM
o Triple e (Monolithic

Junction 3
(ATJ) & BTJM Diode)
% Triple (Monolithic

g Junction &ATIM Diode)
M) (Monolithic
Dual T Diode)

Junction

52;6b0-2006 2001-2008 2006-2008

X2 6 FHMInGaP/GahsRZHEA KLEMD EmIEILOHERE (Dr. P.R. Sharpsfflk)

SolAero Cell Architecture Roadmap Solkery A

" Other cell architectures in development, e.g., IMM-f, Z41+, €

T+ 29.4% BOL - Rad Hard

A XEZT: 3

Delta
5111

ZT-Q 30.2% BOL — LEO Rad Hard

A TN ST TR

Delta
S111

IMM-a 32+% BOL - Rad Hard

O W

Full
s111

Z4) 29.8% BOL - Rad Hard

+ IR Y

Full
| | |

s111
2017 2018 2019

X2 7 SolAeroftO® LT —F%FT 7 F¥yDua— K< (Dr. P.R. SharpstZfit)

2 612, FHMInGaP/GaAsKhZ A KB O @R OHERE 2R, Gelbtk LD+
#45 InGaP/GaAs/Ge 3 #2 & KIGEM O m RN IEIn 6, FHEHELTHWLATE T,
W USRS (IM) 346, 4G RGEmHABINLTWD, @R BA#
PEIC Mz, K2 XA MEDBER G ENLVBEDOEERNTA—FIZRYVO2OHDH, I v
YNWZE o T, BACR T D ERSEMIT, B s, KBH#ERHEZR EIX, SR - &R E N
gk, KEFEIT, KE - BEABEOCEREH S, K2 71277 7F L 912, SolAerothd
TN T —FT 7 F DO — R~y T EHERRT, LT,
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5.8 EVa—IL, YVRATLHEH:

A. Burrell (NREL) I%. “Electrochemical energy storage : Challenges and options”
EELT, 7V —F VEEZITo 7, HABIZ, TMITEDDLPVOLENRBINL >ob 5,
LSk, BHPRENOHEIEE~, Av— 7V FPREBELRAH, RmE#HIX, BESC
BEEEHE 200, RREOLEAADEZDIZIL, PV AT ADsmart integration? M5
Thd, “MRRLLT, PV+ Ry T URERDHY, FMOLRERDTEDITH, Ny T Y
DEHBEERBELTND, ZHRICELT, BRHEEOI AT A0 MPEDLEEZX LD,

LITHIUM-ION EV BATTERY EXPERIENCE CURVE COMPARED WITH SOLAR PV EXPERIENCE CURVE

100 —

1976
\ o
_ ~, Crystalline i PV
g \ module
8 \
5 104 A5, 1ses
. b
E ‘l 2008 2008
7] 1988 \
=)
o
3]
B
& 2010
[} -~
9 1 I I I
8 ‘2 J\I W 2014
[}
=+
H1 2014
Li-ion EV battery
pack
il \ \ 1 \ 1 1 \
1 10 100 1,000 10,000 100,000 1,000,000 10,000,000
Cumulative production (MW, MWh)
Note: Prices are in real (2014) USD Source: Adapted from Liebreich 2015

X2 8 LiA A &M EPVE Y 2 — /L OARFRAKE ORI
(ISBN: 978-0-9944195-3-8 (web), Climate Council of Australia Ltd 2015) EEH-PSL 1413, 2014)

M2 821k, Lif A EBUMEPVE Y 2 — L OHBEEORN 2RI, 5%, WH Ok
KRB IZ B, PV T U AT AL, 7y RN T 4o 2EBTE5HL LTS, PV
+ Ny T U AT AOMWRERHEFIE, BRIE, YIab—va ik BEHHRENSLS
Nice Ny 7 UVE&E, FAIALEEREN AT vy bbbz, EEMORD &HE S R
RENT 2016 DO Dgrid scale battery capacityld,600MWh T . LiA A B 2363% .
Na—& B 25145 . 020N 12% & 7> TWb, LiA A Ehix, $250/kWh (20154E) &, 72
B, 20244 121F, <$100/kWhiZ7e b THAH EDHFETH D, LiA A EMMOEMBIME & L
T, LiFeOs, LiCo0y, 1iMno 0,72 233 5, LiCo05% 1%, 1991 IZ g ik S, FIzE /N1
NI HE R L TWD A, CoDfikg 2y, 4, EH L TWD, 1iMno04581%, 19964
RS b &, EFEIERICEEEA L L TAS H R L TWD, a2 ik n s E 72 72
DA EMENE D, B OMZ N0 FDUI0LL T Oflits Tdh 5, LiFe0, %X, T4, 7
AV ARPETEANEZ TV, MEIZZWA, fEa 2 PR E N, SN 5k
[ 72 72 OBV EME RNV, BRAAEENMEWZ EAME L SR TWER, EWE O ML
CREORFZaAa—FOEAICLI VKR ENTHWS, REME L LT, Li[NiCoMn,]0s 7%,
MitShTWnWd, Li-SRLi-ZEX e L, ket EflE b st Tunb,
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59 EEMSSLUXEETFTIART :

A. Ciesla (UNSW) IX. “Hydrogen induced degradation” &¢EL C. L —JF VU HEE%
1To7, b &b &, Prof. Stuart Wenham (UNSW) 28, L —F UHEEHOFEL >71=2.
FI12H23HIC, i ELE, TERICRDY, R THDHDr. Ciesladd, 'L —F Uil %
1Tole £, TEXROEMBERN L%, Prof. Wenham® 7 L — 7 DK FEB 5% HL 4
BT AREHREEIToT, pHESSKGERTIIA Y - BEEESMEIZELLHLID O
EH) OMBEREMINL TS, X2 91, B-OXKB L O FRHEDRERIE & = %L
F— L~ ZRT, fEESIKEEM TIE, SisNsRALOERFFIC, HRNEA SN D, A -
MEESIKEKFOMERE (H, HO, H) ZHl#E3 252 & (Bl X, £ T, FEH
ft+ 22 L TLIDZHHI TELELTWD, —FH, ZHEMPERCE /L TIX, iR TONEKE
T, LelLID (Ot « mIRFELL) BHEET S0, Co-FiringiR £ %, 700~900CIZT 5 Z &
T, bz MfcEHrLEDOETH D,

Ec B-O H

E,y(+/0) =E -0.16 eV

E,go(+0) = E_ - (0.4120.02) eV
Em ____________________________________________________________________________
E,n(0F) =E -0.07eV
E,pol(0) =E, +(0.26::0.02) eV
E

v

Figure 2. Energy level diagram for B-O defects and interstitial hydrogen showing the donor (Eg4) and
acceptor (E,) levels relative to the conduction band (E,), valence band or mid-gap (Ep,).
29 B-0XKaI L O FRIHOfERE E =KL ¥ — 1L~ (B. Hallamet al., Applied
Sciences 8, 1 (2018).)

- 10" pFrrrr— TR BN
w  [—=—FFO i
= [~ #- - RTP slow ramp T
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Degradation time / h

X3 0 “utRHFIELEDEEKMBEEREDOLIREMZI (R. Eberle et al., Energy
Procedia 124, 712 (2017).)

510 RMERBSIUVBERRF -

S. Teske(Univ. Tech. Sydney)!%. “The role of solar photovoltaics in decarbonisation
scenarios: Estimated market by region and possible impact on power grids” & RE L
T, v —F VilEZ T o7, EPIAIC L A, [EAIC L A, PVERE # /Nl L C& 7=, /XY
WHETIEZ, 2CUTEF =Ty P& LTWDLIR, TOERBDLZDIT, FFHPCSEEFALT
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BYO, BLEMTERLS, BEARBZ XLV -2 Lo LT RETHA D, KT, PVAH
EThdlib~T-, #ETIX, 2CEAZARE LICGAOPVITTS I X OGRE & TR 23
wRENT, K3 1Iic, BREEA2COLEOPVHSEO PRI Z7R3, BEOHRTHS I,
2017TAE DFIL00GW D & . 210214F2006W, 20304E350GWIC e b L RE SN TW5DH, B TIL,
IZRT X 91T, 20304E3. 87TW, 20404E7. T7TW, 20504E11.4TWE . PV E S (PVD — &
TRLAFX—T 2T33%) IChDHLEOREERTH S,

Cumulative Capacity by 2050 under the LDF 2°C case

2020

{Global REF Po[ewW] i 226 515 785 1,031 1,226 1422 1672 1,969
iGlobal 2C Ioewl i 231 711 1,995 82 5766 7713 9715 11,427
{North America REF foew 29 81 133 162 191 220 261 310
iNorth America 2C Poew i 29 188 529 909 1,141 1415 1,741 2,199
iLatin America REF iooew i 2 8 14 19 24 29 35 42
iLatin America ADV ioew i 2 21 91 176 250 301 349 453
iEurope REF i oew i 95 17 137 157 164 172 182 191
iEurope 2C io[ew i 95 140 264 392 511 628 760 899
{Africa REF ooew § 2 9 17 27 40 52 68 89

i Africa 2C Poew i 2 26 113 235 421 638 771 859
iMiddle East REF i oew 0 3 7 10 15 21 29 40
iMiddle East2C ioew] 5 16 83 328 697 964 1,299 1415
{Eurasia REF i[GW] 4 4 5 [ 7 8 9 10
iEurasia 2C ioew 14 4 54 155 267 402 537 653
{Other Asia REF i W 4 6 9 26 35 44 56 70
iOther Asia 2C ioew 1 8 82 217 377 602 852 1,070
iIndia REF Poew] 5 60 115 198 271 345 433 545
iIndia 2C ioew 5 65 215 455 715 1,002 1319 1519
iChina REF Poew] 43 154 265 330 380 430 495 565
iChina 2C ioew | 43 174 343 633 936 1228 1446 1,655
iAustralasia REF Poew] 0 43 73 84 96 99 102 105 107
iAustralasia 2C i w i 43 70 222 322 451 531 640 704

The LDF 2 ° C: Global PV Capacity in 2030 increases by factor 10

K31 HEER2COEAEOPVHSHO TR (Dr. S. Teskeifi & £t

PV =7 10% % x5 &, storageS, FEFICHEHELR ST b, Z<OREMABPMLET, #
BB X PtrainingPhEBEE L 2D, HINERBICMA, 2 OFAx OME N LE T, BIKH
B 2N 438 T 5, Generation management., storage, generation P LD 7 L&
TNNRT =T NMIEBEWMDA S, S EBAIKOHE A ZR O XR&ETHAD, FFiz, =
—7 VT4 F, FLWEYRRa B NERORIThHLAY LT LT,

6. BRE

ASEOEZFETH, BARENGOSZIMNEIZ, Pl SBMNEHRIND, 5% O KB
HKEORBSLHBILKOEZDIZIE, W3 21 xT o, £EFE, BoXERLEL S
25, K32k, 7—=2FHvy, FTHEEICBT S KEEREORFEEL L ORFEEAR
EHREOPVER DO TH (MFEHEEEEZET) LOMBEAZRT, PVOISGILK EPVICET 2
EZEFPEIL, MEBARICHY, HHIEREDICE, BOXERELEEELETHY | B
FROIOLRDIMHENLETH D, KGEMSLKEIERED S 625wl K= X b
b, EHFMEoNIZH Y, BINBHEO S L2t EEFRHENLETH D,

E B H#EHE R » 2 9 »”  International Cooperation and Terawatt Challenge” T % & i
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Nk H1c, SO ERBE, Si¥ T LGN 35%B 2 O ENFE KL EME Y
2 — )V EN—ZC, HEHEEAREESL, 2R3V - —T A b Ny TV LDONAT
Uy e, %ot EZE2Z 55, PV MobilityAFEMEIC > THE Y, EHEE#HESCE
BRAL[F BTS2 2 W45 5, Dr. S. Teske®d 7L —F U H#EHIZH D L 9 72 20304 DATW, 2040

7.

FED-TW, 2050F- D11 ATWO EB D= DI21%, FHEESLCY A 7V ELHETHL L, Bk
DAL FBAIR OB R EZREOVLERNDH A 9,

Correlation between PV budget and PV system installation
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=

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

M. Yamaguchi. T. Schiasl J. Luthar and A. Blskars. ISPRE Racort (ICSL) '

K32 FEHEICBITLIABEEBOHRFED L CREEARL &EOPVEEDTE
(BFFERA R E % & de) & OFHBE (ICSU-ISPRE Report)

W B O WCPEC-81% ., 202249 H 18H~23H., A XV 7 Oun—~<TCHMETETHD, 350
EU-PVSECIZ., 20184E9H 24H ~28H . A X¥—DF VU = v /LT, 46" TEEE PVSCIE, 2019
F6H16H~21H ., KED H I T, PVSEC-291%. 20194FE11H4H ~8A . FEDWEZ T, A

T ETHD,
(Ll E)
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