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& =E&E/REN(US DOE) : TEnergy Earthshots , 18i% - $t¥ RISHEEEREA—RO
PIFRE#EE 10 /MNSpYREBERig- ol i Blig BN AKX «~ O] 5 - MixavEL -

Long duration energy storage systems - defined as technologies that can store energy for more

than 10 hours at a time - are a critical component of a low-cost, reliable, carbon-free electric grid. |

& =B BEEERERZE(NREL, 2021) : MAECERRIGHENIEREEMNE - REY R
SialsEHEER - MERLUEEREER - EiEER ARPA-E AY 10-100 /M -

MNREL was not able to determine a single uniform definition for LDES 1o describe both duration and application
and concludes it may not be possible to reconcile the two. The team suggests any use of the terrm LDES
should be accompanied with a short qualitative description to clarify the intent of using the term. And it a
duration must be used, the team recommends using ARPA-E’'s definition of 10—100 hours but with the

& RIGFHEEZEEE “‘5%5(2021) O EmRFEIZETUEEANANRERRE -
VIS8V - I5H - EREBRYIRISGE REBERI -

LDES is defined as any technology that can be deployed competitively to store energy for prolonged periods and
that can be scaled up economically to sustain electricity provision, for multiple hours, days, or even weeks, and
has the potential to significantly contribute to the decarbonization of the economy.
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BRRIR : McKinsey & Company (2022), Net-zero power : Long duration energy storage for a renewable grid — Introduction prior to panel.
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Power sector emission reduction pathways

)

000

Global historical emissions of the power — Historical emissions
sector and assumed reduction pathways — — Net-zero 2035 (MEDCs reference case)'

— — Net-zero 2040 (Global reference case)?
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RES integration leads to new

Adoption curve of longer flexibility durations accelerates at 60-70% RE system challenges
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Storage duration, hours at rated power
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Percentage of annual energy from wind and solar in a large grid
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(3) EAREZUAIZtEIERY
AL BELDESEF R AIIBUEEK - HEUREFTKERR/) - AERKERHERINEZ DL
ZEEM N kEER/NISFERIEANREE -

- ZRILDESH T BEEHEZR % (modular archltecture) ET A MAEZEVI B AREFER B IE/N
HNENES=E @ BEBRBEFKEARE

» B REREEXMKERBHERE - EXAD2EAEKRESENV R AMKBERETTE -

= - Energy storage Market Max deployment Max nominal Average RTE!
II:;E_Jgptpnnt form Technology readiness size, MW duration, Hours %o
: Mechanical Novel pumped hydro (PSH) Commercial 10—-100 0-15 50-80
Gravity-based Pilot 201,000 0-15 70-90
Compressed air (CAES) Commercial 200500 624 40-70
Liquid air (LAES) Pilot {(commercial 50100 10-25 40-70
announced)
Liquid CO, Pilot 10-500 4-24 70-80
1,140
500 2300 Thermal Sensible heat (eg, molten R&D/pilot 10-500 200 55-90
salts, rock material, concrete)
Average  Median Top Traditional Onshore Solar PV CCGT Muclear Latent heat (eg, aluminum Commercial 10-100 25-100 20-50
LDES LDES quartile PsSH wind alloy)
LDES Th hemical heat ( R&D
. . ermochemical heat (eg, na na na
u n_lt f?otprlnt zeolites, silica gel)
m2/Wh
Chemical Power-to-gas-(incl. hydrogen, Pilot (commercial 10—-100 500—1,000 40-70
syngas)-to-power announced)
Electrochemical Aqueous electrolyte flow Pilot/commercial 10—100 25—100 50-80
batteries
30 25 Metal anode batteries R&D/pilot 10—100 50200 40-70
0.1 0.1 Hybrid flow battery, with liquid Commercial =100 25-50 55-75
- - electrolyte and metal anode
Average  Median Top Traditional Onshore Solar PV CCGT Muclear
LDES LDES quartile PSH wind 1. Power-to-power only. RTEs of systems discharging other forms of energies such as heat can be significantly higher.

LDES
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EIKE NN RIS B BE260E (A EEME L) - RILBE=HB56GW(65GWh) -

PEESNRE  FTEZURRBEATF (G EKETNHNRERHEIES=260%)  BHCAESHE_K(GE2IKERHEBE
BE30%) - XZAEE=FIIH80MW - LIETEIEHNRE  RIJMNEBRGEMMHEEEETS - #8iB100@ - FE98=
ZJAMW -

& LEZFERENRE  LDESEFTEZLUERFAER - AT - EE - EFEAIEHEIKLDESEEM30% - FEERE=F
DT EMM R - SVMREBSEAEB(LEMEEETE - TN H - TERREBXAHARDE - S5 ~B1E30E#&
m o EEEGMEMNNEEEREEESTE -

L 2 4

-
- .' -
r. - [
- &
)1 Y e ac 2 -
[ L =] L] e -
B D@, o © 2 >
> - L
- 5‘}\'
) RC
Category 2 @
B Mechanical B Thermal M Chemical Electrochemical

Rated power, MWW .
o=1 ©1-10 O 10-100 ) 100-200 () =200

C _:‘ Transparency denotes projects that hawve not been built yet

e

Source: DOE Global Energy Storage Database
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& FEIBIE N + LDES 2040 F B EMIH(TAM)IRIEIFZE1.5-2.5TW - DIEBIRFEENHZMPIENEN - B
HRIEIKAHeEES=8~152 - EdaEiERiE - SR MBI EEBERFATTEMEIER -

® 20255 - RHTEEIRES00EETIE RHM0HR IR ER - 2040E R RESIHELSK
B3k ET - HERRE B EHBRBAENIRE -

LDES total addressable market and cumulative capex investment by year

~1,500-2 500
GW
Cumulative installed ~ 900-1,700
power capacihy’
~150-400
~30-40
2025 2030 2035 2040
TWh
Cumulative installed ~1 ~5-10 ~36—70 ~85-140
energy capacity’
& % Cumulative capex _ B ~1,100- ~1,500-
%) investment’, USD bn 50 200-500 1,800 3,000

1. Range is LDES central scenano and LDES progressive scenario.
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. T&D optimization value  xx = Value/spend measures

W/

(1)BERBE - SERHENBACEHEL 2040
RERETRIAEAREE N Z2AEE S :’”'t“a:'a:“ HOES o o
MESIER  RUBRERS B ey capcly  vauecreation capexspend
1/"5 % /1 \ 5$Z Z"ﬁ\ E , |:_| H% __[ EFIEIE 1/ £ E| Vq jz LDI:E Value created by LDES GW TWh USD bn USD bn
H(Z B NEFRK(BERZE) - It Ereray i canaciy ooy 470
N iRt sl
HEIEMRE - AU RINBBCEERIE Optinizationof energy for ndusty Ao ; - 45
1 }sz, ZIK ﬁ 3& E/] *k 'fb jj_ z=z with remote or unreliable gnds

o ,‘;% LDESEy j( E/] 3 E }T/EE: }Eﬁ FE j:% , IJ_'_l 2040 Isolated island grids ~90-100 3 ~30-35 ~10
F 1 IZEAI80~90% .

R Firming for PPAs ~4( 2 ~3-10 <1

« LDESEISEBEERENVERZERX -
S=iREEmM - EERDERIE Stabity services provision (inertia) 0 0 51 N
BEtix B AR 0 2

Tota ~1,500-2,500 ~85-140 9501300 ~190-230
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& RISHBECIELHERAERTEIEEE  ETEhEEERIEIS DS
Q)mMURmREERNACIFEEH T ERBERXPREREREIE

. LDES%jEiﬂJEE ERERAREREBERSWEELTER) ZRER - WAEBERAP(BIREE - ESEIM)
B O] SEMRR LR P IIAE Iﬂzﬁiﬁxﬁﬁ’ﬂtlﬁ i EEIAY)

« LDESEIEEERBMEAREIER - BN=EkN LR ETHRE  BRXKNEERRETE
()IMEFIUBHEIL

« LDESOI BN R AR IMEBRRE (BRELENAR)BEELEZNET]) - BUSARER/VESRAR
B REABERAIKER

o BEEERBRMcAMEEXBENPIE MRSRA

(A REEBLEREIREE R PPA)

- RIEFMEE0:ZESEEAREHEKKNBEHGZENEINNRE - FEEERARBESRHEERLCAIE N
100% - G AER=EIRE HEM

« BETXFERENBESEEREREHIIXZEEMNE FMRWAAR - BolRESENAN - BRECARRHER K &
MEEM AT E - TEIRTFEIRIERZE -

(5)iR I E MRS
« LDESHliA#FEMBE JRHEEZNVEHDRFB(ERERFZAXRIMME) - BN
o RIFFEERMOIEEMPEREE WoBHEEMBERFETEN  NESREMHE
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& BEESERIENMEAERICEENMEMSIENERISFMEERFKNENK - ZBEEREFRETEKEN B
REZE=FERNBHEMSELEBE  RISRERABINB/VESENEREERE @ BIFIZSHENR -

& EUNE HARER2035-2040F RIEFTEFT KN E - FBIMEEFIIEERBEA50/)\FFRILDES ; &t
HESEEREEREEBPVE AERGHME - WHEM - EF%E - FEFZKEKFRERIREEE -

Total addressable market by modeled markets
Before 2030 Il 2030-40

Cumulative LDES installed power Cumulative LDES installed energy Average installed

capacity capacity duration
Modeled regions GV TWh Hours

2030 2040

us - 440600 - 30-40 1520 70-75
Europe  140-290 B 5-20 20-30 50-60
India 1 125250 1525 810 95-130
Japan | 40-80 N5 14 35-90
Australia | 20-40 |0.5-1 15 25
Chile 10-15 0-05 10-15 18
Extrapolation to RoW 1-230— 480840 0-5- 14 63

o 1.300-2.30 TR
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o ($ELDESHARRIBHNAEL - LDESK AR L ER BB P 55— EMLHl(arge share) -
BIZEEH A - LDESTE2040F 8 HTF@ASREEL10~15% - MAMHEHF REBHENEE
’ mtb%mlﬁ?ﬁ?ﬁiﬁ%%ﬁg tb1§u i LDES share of new flexible capacity®

[ Others LDES 8-24h [ LDES 24+h [ Li-ion battery Wind Offshore wind Onshore [ Solar [ H2 Turbines M Hydro [ Nuclear I Gas [ Coal

= Capacity mix, GW

No LDES With LDES (Central scenario)
Insights
4,500 4,376 4,226 LDES archetypes
457 193 | 442 expected to play major
4,000 i :
3,761 3,630 role within "new flexible
3,500 425 E” capacity” (i.e. Li-ion, H2
3.000 - turbines, LDES)
1234 ’ Until 2030, existing gas
2,500 s =
limits LDES
2,000 By 2040, >50% of new
1,500 flexible capacity might
be LDES systems
1,000
500

2019 25 30 35 2040
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& RISHEEN AN AWM REESEAENBEMAR(ZETT/ KWh) - FEEBEMA(ZE=7U/kWh) ~ EHE(O&M)
A ( =7t/ kWh) - RFEMEBEMZE(RTE) -

& LDESHARRBEECAMERZE : (1) EHIBMERGE - HEFERE - REBHEEARNEAEX ; QH
EES A ERIFEIEN - FERAAERE -

& EREREENBERE N A (power and BoP capex)FEfhR3R15%F 0] FE60% - f#EER =2 I FF40~50%
SEAE PR N FR45~55% - FTILE R OJIR §10%~15% (M BRI Ba 2R « A HE5TR%E) -

Central (conservative learning rate) == == Progressive (ambitious learning rate) [l 8—24 hour archetype 24+ hour archetyp Yearly O&M

USD/KW
Power and BoP capex Energy capex 79 -
USD/KW USD/KWh
2800 24
22 [
2400 | 20 F
18 |
2.000 |
16 |
~60%
1,600 | 14
12 |
1,200 | 10 + 8
[ 8 |_ |
800 | 35-50% 6
6 -
~--_T ﬁ 4 L ~40-45%
400 | T —— 4r ) ]
2 -
[l 1 1 1 1 1 1 U . . !
2025 2030 2035 2040 2025 2030 2035 2040 2025 2030 2035 2040

Source: LDES Council member technology benchmarking

Copyright ITRI T 23510t 7Tbe IRHEFRA



s B RIGREBERIRE A 217 (2/5)

& LDESEZFAXBENANEERUGEE  JNE «  fIEEF A FEREREFM— - 2IKLDESHHEE KR 512-18%

& AEAREFRERNIEEEERARERRE - MRAAR - BERERAISHIBEMBRAE -
BCEABESHE AR FEBE T - %E%ﬁﬁﬁﬁiﬁmﬁ(tbii’]7J<E1EE4 SEIE &L ) - MiEmREEE
sy BV BE S RIS BE IR Al S IR 197K E (D R E3E RS EE 7% ) -

Historical learning rates for selected technologies

%o

24
23
12—18 18
14
Electrolyzers Global LDES WWind EMV Li-ion Solar
average batternes

Source: LDES Councill member technology benchmarking
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& P{EREBEAM(LCOS)ZHRMAARMIEARURBE - ZREEMEcEMB RN ANFPIA I
BAZR  ERMARKRESZEAFEERNESR - ELCOSTIUER—EREMIER - ALGEHMERE
R EBEE AR SEREERD R LR ARFE T -

& SRR FEMBRER AR - RISMERA2030FE6/N\F U EMIFERB AR AIERHERR
(LCOS)WEz=T] - #8- VM LEEFFEEE - RIEMEELCOSHB0=ITT/MWhE95%7T/MWh -

2030 energy storage LCOS competitiveness by duration for selected technologies (USD/MWh)

= Central (conservative learning rate) = = Progressive (ambitious learning rate) - Li-ion - LDES 8—24 hour archetype
UsSD/MWh
240 = 5 Insights
-A —+ 3 7 = ]
o (/RN F B F HRE 288 T g
SEIN AL ECIE 7
200 EE/WE@Z\?%‘&EWK@X'{EE) =8 hours duration,
:‘"'°"' - - due to low energy
ower power capex but energy capex _— LDES:
180 increasing linearly with duration - higher power capexX, LDES
160 -=" capex but low offers lower LCOS
energy capex,
140 - making
duration
120 scalable
ico | @ e ___.
80 _,___,_’_’ _____________________
60 =——

4 6 8 10 12 14 16 18 20 22 24
Design discharge duration, hours

BERIZRR © McKinsey & Company (2022), Net-zero power : Long duration energy storage for a renewable grid — Introduction prior to panel.
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¢ FRRIESERAL  REREEEENERFERB/NRIS0/MET - LCOSTIHER B imgHRF -
¢ —LEREREEEDIINRKREMRRREMISE - KEBIT - BRRERRETEXFENEERER
15% - AFRZRIENM - RISHERBRIFARIELEMVENSREE -

2030 energy storage LCOS competitiveness by duration for selected technologies (USD/MWh)

= Central (conservative learning rate) ™ ™ Progressive (ambitious learning rate) - Hydrogen turbines

- LDES 24+ hour archetype

USD/MWh Hydrogen turbines (LCOE): >

280 high fuel cost, fully d;spatchable USD 2/kg of H, InS|ghts

260 s Hydrogen turbines
240 are likely competitive
220 above 150 hours
200 duration

180

160

140

120

100 Low energy capex leading to low slope, multi-

day discharge durations

80

50 100 150 200
Design discharge duration, hours

BERIZRR © McKinsey & Company (2022), Net-zero power : Long duration energy storage for a renewable grid — Introduction prior to panel.
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RETRAREAERERASESER/ S T ERIERE

« HERBEMA(LCOS) e EREF KT ESERE(ERBERNMSRG - MEUSMEZER) -
e R BT 55 F )

« HRFTHEBEBURNUER RKMRHIZE - HERERFEERT NMEBEERXESR - EENHSEF

XL COSHETEERAX -
Impacts on LCOS by ranging different input metrics, 2030

J

4

8-24 howur archetype, 16 hours duration 24+ hour archetype, 100 hours duration
Sensitivity to Sensitivity to
LCOS impact 5% change LCOS impact 5% change
Parameter Range) 2030, USD/MWh %0 Range) 2030, USD/MWh Yo
Prior to change [ 87 ] 151
Per ener capex
usown . P 8—25 81 * 92 3-9 135 * 167 o1

7525 1o MM z:  ©

(] 690—1,510 130 * 173 2
Opex 520 80 * 90 '3 0.9-2.6 150 ' 152 -0

Per power capex & BoP 400—960

RTE o040 71 I <0
7o [N o7

USD/kWW

Electricity price
USD/MWh 16—46

70 I 11>
Utilization rozo 71 I 130

%

USD/KWh
1646 123 * 183 2
7020 119 # 257 O
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1. RiSFEEHZIXENIFIERIRIxAREREE
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LCOS

Round-trip efficiency (RTE)

Capex of LDES solution, O&M opex costs Ancillary consumption, self- I“Slg hts
construction, balance of Replacement intervals and discharge
system costs Cost of charging energy

LCOS is comparable
J to LCOE and
represents a tool for
cost comparison of
electricity storage

| |

Installation e Lifetime discounted e Lifetime discounted
cost O&M cost charging cost

Total lifetime discounted electricity discharged LCOS depends

[ heavily on the

operations of the
Throughput system but allows a
* Discount rate like-for-like

* Nameplate capacity comparison
* Nominal duration

*  tilization

BERIZRR © McKinsey & Company (2022), Net-zero power : Long duration energy storage for a renewable grid — Introduction prior to panel.

Copyright ITRI T2l 78R IREFTE



