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Carbon Trust is a leading global independent professional consulting company with a
mission to accelerate the transformation of a low carbon economy. Our business activities
are spread all over the world, with a global team of more than 300 experts from more than 30
countries located in the United Kingdom, China, Singapore, Mexico, South Africa, and the
United States.

We design development strategies for well-known brands to reduce carbon emissions and
improve resource efficiency, plan and implement energy-saving and low carbon innovation
projects for the governments, and assist multinational companies to invest in low carbon
innovation and clean technology. The Carbon Trust China office was established in 2009.
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The China Energy Storage Alliance is the first international non-profit industry association in
China focusing on energy storage. CNESA is committed to the healthy, orderly and
sustainable growth of the energy storage industry through influence exerted on government
policy formulation and the promotion of energy storage applications.

CNESA now serves over 200 Chinese and international members across the energy storage
industry chain which includes energy storage technology manufacturers, renewable energy
developers, power grid companies, research institutes and universities. CNESA, in



collaboration with government authorities, has played a pivotal and pioneering role in
researching and formulating China's energy storage industry development strategy,
advocating industry development models, determining the key direction of mid- and long-term
industry development, and integrating industry forces to promote the establishment of
industry mechanisms.

YEZ& Author:
m (S e EI A = m g In

Nan Zhang Senior Analyst, Carbon Trust China office
SR B TE B A B E AR

Lijian Zhao Country Manager, Carbon Trust China office

535 O A RE P ML ORI B AR /0T 7T
Fen Yue Deputy Secretary-general, CNESA

TR Ok RE P L BRI R 22
Haixing Meng Research Manager, CNESA

45K Special thanks to:
PENSR AR S S BB AE A
Lijin Zhong Chief of Staff, Energy Foundation

FEM R G U E bR 55
Jianan Xin International Climate Affairs Officer, Energy Foundation

i3 AR B R (3 Y P BT g Tl A
Yue Dong International Climate Affairs Research Fellow, Energy Foundation

FRERE RIS S MR AETH S
Xiaohan Zhang President's Office Senior Program Associate, Energy Foundation

iR OO g e P R I B A a6 N\ e mI B
Zhenhua Yu Founder and Vice Chairman, CNESA



ke

ENERGY FOUNDATION
RREEES

R BRI S B AR S R R S 3CRE, R i B RS A S R e E S a5
NN B F 5 FH.

Sincere gratitude goes to Energy Foundation China for providing support on the report, as
well as to the experts and colleagues who provided valuable comments and suggestions
for the report.

AR BRI e B B R N AMCER BRI 2 W
This report is funded by Energy Foundation. It does not represent the views of Energy
Foundation.



(KBREARFTEDESSI] 2060 P HESHEEYLIE

2015 Sl (ERRE) St 1R A ER-P R BT Tk AL 9] BT HiE e i A 2 SR
LA, IS5 JPRARLEE LT M FE R IAE 1.5 BRREE LA I H AR 31 2020 4R, W, 22|
HE L A, E S R EA AR AR IR A B FH BIFTR AR NIRRT RINBER
ANE P R DU X B ) A SEBL A BRI SRR AL B AR i E B HIH L&

BOR B R e — OB ML S B RAL BAR . ERPR I, AR &l BAACEAEN: 4
BORBEN BA FDACHL 2 IR W TR R ERT Bei . AW ABEROR Oy R B R, (A
R BA 0 A 3K 5E 8 SORPBUCRAE il I PRI BT sz, AT 35 B £l 5 Bl T3 37 B
FIERIBCARAH T E KRBTSR USAH R AT 6, 7 EXHOR QAT P AL S
Dby, DMEA ST 185 AR T SE kR H AR N2 508 H bn BAT SR ok i1 4

2020 4 9 A, i PEBiRaES- LI mEBaE E RS — AR LiEAm, o ER R E R
HETTER IR, RECEINE S BER RS, A ABRHESU 4 2030 FRTA I, 55714
B 2060 AT SEHM A", SR, H AT CA BORIRAESCHE DU AR S 3L o [ 1R U H A
AR AR OIHT, HEBhREIR . Tk, A28, @A E S AT WARBRER R A T FISLHT
RBRBOR BB Xt b B S 2030 £ERTIAIEK 2060 FRIBHAH UK B R EREE.

2021 ER"“THTTFRZE, g 2060 fRAM IR SRS . e RERPK
R SOR e (2021-2035) DA DY AL RHE BRI M g, A [ 7 250 504 2060 Hik
R E B ) E R SR G U A B3 7 TR AT PR, DAY LR R RIS AR B T
[ R 2 B S R

FEREIREE B> MU SCRF N, W AR RIS Hh SO fif e 7 M B AR Ik B 25 T 25 (IR 5 R 81 3 7 SR o
fegain s, $RI 1 ERBREOR G TSR VA VAR ZE, I B BE SR X 5 vk 5 itk
17, A BN P ERBREOR BB R SR 25 5 %, By rh [ Sl 2060 4 Ak 1 AT
S H AR

HEZARFHEKRIERLE

2019 4£ 6 H, BEEFIEITH (RUEBMER) A2, JEECLEFE RS T 3] 2050 S5
BESAR R ZH (B AR, FOH T 2008 EHEH T “F) 2050 iR = S AHRCE L 1990 K
-2 bkl 80%” K HHIRAHE B bR . 2020 fFIR, U FIR E AT BRI H bR, A& 2] 2030
FRESAHRES 1990 FHML, 2K 68%. ASLMHEFKIASEBM, HRERE
AIEEMAT KBERMERL, FE BT RS RBR B AR BIFT .

N T ARAA FERE R G BN IR 2 AN A SE T 2 TR R, B E A A0 T b R
(LCIGG) T 2010 #FJ33h | FABF 7RI (TINA) BiH, SHKORFACH 7 KFEAT 17
i, i T BESEIMEMA MR AR . 2018 4, N EALILAEIR 2 G K% 85T,
BEE L. BEIRAL ARG EE (BEIS) JHZh T REIREIHT R yEME (EINA) 1H .



TINA Fl EINA 35 H R TARAR 5 vE5 (LR ERD B e 2 WL TH s AR B A AR 93
S, B S BT B BORUE,  AS [F B AR BOR (008 7 R IEAT PR PR . PRI R E A
T RIFHEMZ SN ER N BATER,  BIAUHTH R A A R DR B3 AR 3 B 9E B st
D25 KAEIALS. toh, TINA 1 EINA I8 H #R RS 7 ARG M e, 315
TR B AT SRR N R A R

M TINA 2| EINA, JEEXEARGUR 7 RO VEFZBAT T, USSR EIHTAREIR R4

R RGN o

2y BRI R VIR PAAAHRBUR T T & %5
£ 1 EEEBEHEARCF FRITFMES (TINA & EINA)

BARAFT TR A (TINA)

NI Z AR BB P A LS, EINA HEUT — RTINS AR L K

BEVR BT 7% R IPfk (EINA)

F AR A5k A REDR AR
3 E SoEapea B X
fEE@R T e
F, X i fig AR AR A FIF (CCUS)
HEFA B A
A2 JE AT R ety A s
TokERT] Tk
JfEE#ER BEEARSR
%R S FAR
R VRS AV RETR
KPFHAESCR SREARR] L it
HEE CRIRFIEIY) 22 B
ik TINAZE 55 H ARG K1k 3 BT HA EINA SR A8 IR R 40 & 8 R 15
BRI %% EEE AT (ESME) 1t %N EAR Sk A1 3 (1)
o THIRHEE ReVR RIS . B A AR A )
o ZUHINMEET i1 E B 25 L
ik PEEEARNHEREH TRERSGER  EINA THXH T — Mok s,
KEEAMAER W (ESME) i — B, HAAR ik 320504 5 17 5= AR H K
ARG SR T AR BEE &0 80%, 598 E i K #
o PRHE H bR — 2
ik FE ARV R HE F ARV RS
FAR VAL o AFIINME CEED o AUFFCRVEAN (EEERETE
o ZTMMAE (GVA) FERHLE: GE F TR 22
) o MLV GEE)
o GLETIHEERD N Z RKFEE EATLL e TiipEERVEE CEMD
I O B AN Gt
7 BT aEaER. QEN . SwEMAER EINAT R TR FEE0E i
BURE K OV T H DA ST ECGE TR T, TINA - ORIET SR, IF A48 B AR 1
A FEB & SC R AL T BRI T
FEH TINAZES. 7o K FLZ 50, NBUR  EINATLH RG] T R EZ A LT &%
R BT AR SR BRI 5 % PN S=RolE: e

BTG EARBRA RE IR BOR BIFT R VPAE T H  (TINA A1 EINA) HIRGERTEE, ASCESE T o¢

[ BB Fa Rl e, A O P BB BOR B iR R 25 H 1 4 .
o FORQUHPHE I AR TR HIEE, Sa € iHE S, ARBRER E S A
W7 AR R BB AR 1 AT AR T R S 2

2



o EXIARBARGURR M T — I IEFHER, AT BLAEBOR A SR 2 (8] 347 B A

Pk,
o EINA T H Al 7 HORGU M REIR R Gillca,  IXMOITEA B 1Pl 5e DAL 7 SR ANBOR
IIERZ &S

e TINA I EINA Iii H i 1 57 A L5 G0 Fe i £ ZBUR ST 180U FISCRE, R H kb fE
w25, DRBERTEFT N B RE 08 A BUR IR S .

o ARIFIZART; CEFEBUFERTT. BEARNMAFVEEME) Tz 53 mEY, A
FOR N S S BAUOCHESHM R ERM L RN, HILETHE LS T
BEZ, XA B TIEA FHRI G5 AH 7 2 [T kil

PERBE AR QIFERITE T EFER

B HEEMRIBOR BT SR VPG (TINAY MBEIRECAR GBI (EINA) T H 225, LA+
BORBIFTAT IR, AT FB R T o BIRBEA G FRIPMATEEER, KHeEBo
SINGIF B RIAELE, AEGNERITMERBEUENRIE. BORMIELRE S A
B

o HEHRGUEIRG CEMZMED « A BN EORGIIAT VAL, e BAT B
JIRRZE GO S AR

o BUFF RIS (BRI - FXHRBIN E S EOR UK, FEANTEAS AR G40 70
BRIEFE 25N ESEFTF R, AIMILIES AR GH 7K

B REARGURIAF]

VERIRBAR BT SR 2R — 20, B SRR 5 R IB X 5% N BRI 0] 25 7>
AR F SRR i DL IRHE F A BT i B R R Uk, ek T H AT LAR AN L
FKEW, WRERI/ BT Tk, @5 Gl E g AT WARBR B GUKREAT 70 FAHI D i i,
RS 5 EORGUR. b5, B SCIRRET) 2 L K E AR REAR S, iHE
PASARFR, AT U0 E BRI

H R ARG RS LB B HE A RMEGHER AR RS BRI 71 RUH
AR FALGEHAR BRI 77, GTFOME T T1 AR REAR R F BE s 35 By (5 S B 22 5F i E
(a2 R IE 1D o« BORERERE S AT SR 5 5 o0t S BN i AN E 1
B SCIRART A SAT W B 505 . ST RAR, A FEIEOR SUR I s HEE A B (8
I ey m=23K, @ALPUERERE. P Sei BRI HRE AL 5 U ETE 7 X0 m R ER 9
AR BRI A, TP — 2 BAR BT 75 3K AR 5 1Al



SFmEEnitE

EIXTHIAHIE
- EFARERS
- FEEBE B RAIBA T
-THEEETIATE
PEAFREEFNE
-THEFEERAR S

- REPERFABL 2K
AR E TR EAMA RSN E

BRHEE DIt
.« hERADEES
o EEMIRAR: (EEETRAEHMESH
AREEHES
o ERMEEA: (HERRANELTH ’
HRERRoRHEE

B 1 ERSARSEERA T

BUHT TR K IR B TR

BEXTH BRI, A7 46 B AR BRBATIRA AT, R EAR G L MBI oK. A
T AR BT 52 MRS &, 3R T AU R RIRA PSR OE SRR (LA 2) -

MR RIAM : 7> HRAEAR KAV R G BREE R P R, e B 7 AR A2 o [
ANABRI N A S AT T . BORTS SROTN AT LS e A A 5, BlundkfEfs s, 5
[ 5% F- vk H R AH— 201 NDC 1 5t 2060 i At s Gy L il F AR REIRD 45
BUBE RS PP BUHTREAS SCIL I BRAS BRI QB LR 158 BT 117 R 1R A B AR
BIVAR 5 A= B AR B I PR L FH A I 25 B AR B3 5 IR A o oxt T FLR AN BEAR, ] A
B VS BT ONEORA S R A A T B XS Ra sRONEBOR, W BPP A i B 1 R
PN EEAN REIR R G R A T %

STPOER A1 PHAEEORBE RS A B b E SEI I 2 BF B A S A e . BRI E T
R b £ BT HORM G F . AR T B3 LU 54+ 77

BIFHLLIRA]: EL T RO AR, RB S BAARSOR B &R AL . BT
KA 75 B U Jg 2 50 S A T e ATV 1R, OB BURER ] RN LA R =
WBEAV AL R Z 5 HE

WiZER SEREENS: 5T SO AL KUK, UM BOR BT MUA R 1 T 1 B
WS BL R bR E AR T

HABBHER: SR E ORI, T RE R T Hoph e 2 R R AT IS (Bl 4t J&
FORUSRA AT IRIGESSE) .

BRI I TR0 HrAE N Hras RIIEQIH BRI 2



e HAR I SRR URFIHEPLS EFETE
EEST
LT RHY N . EREF
Do | motnEEs R e
. SHEANAEES . BROGEA: 0I5 o
ARG * BlSATRRY
1

+ SEERMET
(HER, kR
BT AR IS

- SETATIERE R
i TERIGRAAE P

: ggﬁﬁﬁgﬂmﬁ” . ERFAEEARS MR

Bl 2 B R EORGIRAH TR AT

HEVERIR, X QU AL G UM 3 E B TR R Z TR EE, s
ARSHFER T SEAh, BUR BB S UL LR RS R, FHrE e i
MBI AR, A EMABUT . (AR5, RS, SHONL Rt
BRI

tiRERIAR BT R K PEAG

fisf RE AU 1 A K L A AR

fits BEKs ik — DA B AR SR BB VR R 4 MR I VS T R R, 3 3SR ) RG0S Z R HE AR,
Bl 3 s b [ “3060" B HE H bk o BART 5, il B8 F2 AR AT F A2 BE VR RS AL AR PR 1 K 1
A, AT RS NN A RRIRIEE ) IR, @i PR R A S R B IR S, fiE
REFE AR RERE IR mr e TR ELIC I 1) RS MERIAR e s BbAh, fERE RGIE W LA Z TCRERE R A RE &
EIABARA IR UL S, 2 IS AT & B A B R TR A S AR AR
EEFRAEGIENT EFraeliE. %IRRT, S SAURH LR T () St L, e
FAERE LI (CNESA) Fifd e iz Ak, o s =M R R 5, X [ K Ak
RETT I A SRMUAREAT 7 T . 72T 155, EDERARSZ R0, T3 2050 b [ [ i 6E R
9 510GW, 4 BRfi e i T RoEGA F] 2440GW. %1% 520 o [E A4 BR 0% B8 11 5 10 SR Ak
g 7 T AT A R R R R G RE R HESIAE AT, DA R E AR, AR R
XoF it BEAT (AW [F) iy SR (R 00 H WL s R A BRA B & JE IR 5% LA % R VIR &5 M (i B B X i BE T 3%
MHESHTER . MWENLT R L&, fERER R IR E K.

fif REDOR BIFT HIHHME

BT BRI AR 0T, TUH AN T A FE g RERAR BRI E,  RIEIHT AR 88 75 R 1 AR
25, M 2018 F| 2050 £, BHERGIFEEH N+ E i Re S = LI 2500 2RI EATT 4. R
PR EE S, ANIBTEAR.  SWRRE SN, B T G AR R S8 RO R BET S A A
WG T E i Re AR, HUGR SRR Rt DL R RS S SRR R . R R B b
g BEBARA T DUE I Fe AR A 5 77 50, B DRI A, B s, MRIEE AR RN,



LB LR T 46 25 U RE RO R RE AT LAl R B3R 56 75 sUR R PR A, AR AER
RAG BN o

& 22018-2050 FAF e A BB K BIFTHR B R T BiAHT4 (H770)

R RS fi& H =
HE MR RS 46,092 104,644 147,626
LHWA BRI RS 14,697 35,792 53,529
EE g RS 4,060 10,453 14,365
MR HEHERR RS 85 204 336
EAEE5M4E RS 8,185 20,287 31,582
CRAERARSA 359 1,049 1,689
BRBABRMERS 323 807 1,230
B3 73,802 173,236 250,356

I HrElF) 2018 F

fir 25 S TINA AT IR B N A BEAT ML — T2t T F O RN E Y T R BEROR K
ML BN B 71 UL L& 04T 1 9Pl . FEARIRIERT, EBRMERETTIHIE 2050 SEL4EH)
MK 2700 12, T HEMERTIHE 2050 FEFERIBLRGEE T2, Kb, PERMHRTS
BB T LB T I ORGSR a0 ST, B & AL e B, ROy e LR HL T A IS 4
BEMEREROR, HAAEREBOR T I MBS AR BN . B REBOR T, 42 AR R =
TRAEN AR, FRE B BORE Dy — Mo ALK e BOR th T R
RARAENFRE 13735 s W AR — N, (LR TSR /) o

% 3 2050 £ EMEIRMETIZME (2050 £ HAHIT)

. HE AR

HARR g . # 15 i #
BB T EE 27,602 36,249 67,169 111,285 144,864 207,603
PRI 3,144 2,812 5,873 3,341 3,039 6,147
45T Lt 9,320 13,312 23,185 12,192 16,667 27,630
4N E It 72 78 154 14,601 18,057 24,217
R4S AR 1,883 1,277 2,592 1,912 1,305 2,621
KR AERE 649 690 1,405 906 1,131 1,973
HBER AR 410 374 803 424 410 865
P 43,080 54,792 101,181 144,659 185,474 271,057

ERE| P EEMBEATHNZF MY, HILBEREARK KRB AT ET R 247~477 {ZTH
BIFETFIME. b, AR BOR L E T A i A R ML e, LR BB L A
PRI AEREBOR, WIEAR BEBOR TR 2 U REBOR B — @ DL (B, Rk Re
PR A Sl BEBOR AN (B

BRI BIE R E S MRS, (6B T, fREPSll 2050 4F ORI 90 77
ANTAR R, b U R P e 3 kA K 2 B B 2



R 4 AR R AT EAER AL (2050 4 AD

Wik
H X HARMIAE & = -
i HLAL 22 1 365,423 477,663 877,597
L/BE e 266,82 21,220 43,516
(b NI IRISE 4 392,105 498,883 921,113

fERERAR T ZERMERSEIS

LA E AT AR RO R RRERUSE, ERERBR KT L MPR. T EEhE
JUANTTTE, —RmailEiA g, “RENB T SCEEON S, R LAY
TEREBORIMI A fE s = RBORATF M AN DUl R B0 7 BR A5 dm S LT 5k

E AT, S P REBOR QU IBRAS 24— 7 M Al BOA T A RO 52 3 I B AR BT AL
i, REREBORMENIE o TRERAR N G R 2, ARSI FOT KA 261 5 5h— e
BORBIHT FAFAEBOR A, B REAT WA — I R AU 1 Z R BAT . BORBORA A, %
ARACEAE, FARMEBRAT); fa, BABRTKE AEe, e e L2
R 4 E 53 Nyl </ B s o s > Sl w ) W ES BN S R P 5 S B VR A S T T e N T
AR AERAT, i) L o

RBERERARKNE R SN EBEREFERNMRARNBERER . EHEARZME, BN ERERA
IR T EAMKT, EREREFEM RIS, A RN e Rt B-AI203 FRCE . LA
B A AL it A U BR R IR 0T T A0 e i L R 2 P 2 4 P 4T 4 3 2K DL K% e P e U ik
FOBEE, AR E AN SR AsTa] . Rk REESEALHI AT 85 & R, REAT ML & R4
B BL, A E R R AME BE AR SCRFBUR, BRI H AN . Bt SR EOR
IS E ek RE A R S 807 T ) DAt — 2B A S A i

Ay mE R EEQFERERUREMRTREHERA . Za ooyl E T lib e
AT s S —, R IT R B A A2 R T it . AR B SRAG 5 A, 26T
V] P A 10 FEL L N P RS AS I LKty SRBOR A BB XU, R JEURE, B B, SR &R
B SRR MR AE RO . Ak, TR T R ON RS R R B, AR
AR RRBGR I FES Sy, fE—EREE R B I A REBOR M3 0 80, FHAS HAB B RE SR
R J o

fERERARIMLIETEIF S

H B BB AR B B R BT AN R R T A B R e AL AR BR BRI 7 Rt . 2
T i DA R AR BB B R 48 2 SR REBOR o AR T ASE I A1 BER I, — D5 TR AT — Ff
il BE 7 S BEVS IR DR PITAT N #5K s 53— U T B 0 (i BE BORAT AE SRR PR M), B AR SRR ME P 4
Ko Bk, EIEFHEREDORBEIT N 2 70558, BREE 7 iaith . B A it DLR I 4
SUERESL, FIN LU A R R AR I D R R A RE A A LK — S8 B A QB B Y
it BE BRI S 7 P b S5t R R (B4 50T



R 5 NAMBREAER L EFIME RIS

W KRN RIFHE REME/R
B (+1258) BT EAE
BT » 104.6 (46.1-  31.6(18.6- .
" EEZ RS EY] 147.6) 38.4) {(iS t/h = 1
PR Tf%@igﬁ 35.8 (14.7 - 1.1(0.7 - " - . 9
==Y A ] 53.5) 1.3) IR =
s 3
B gmpmn wmmkmy J0o@1 BOGT e w4
H 7 14.4) 7.3) e
W48 -
o 2 T 0.20(0.08- 0.01(0.00- . . .
BN HL ﬂﬂﬁit%ﬁi%:l 0.34) 0.01) 1= W/ = 4
EH#ER 20.3(8.2- 0.5(0.3- S -
fiche AR 31.6) 0.6) i /e o2
7 RGN 05036-  0.0(00-
fege  CHfERE ;ﬂﬂﬁ%ﬁi‘a{él 1_-69)(- 0'-1)(~ T B3
AL L7 - - N N
T e T
Bit 173.2(73.8- 39.2(22.8- __ -
250.4) 47.7)

AR SCRRIA B E 5K 15, TE R T AR REEAR I A EEIFNSMEFTHR, TEL
LR R PR

R 6 A FEEREEARIHT R

BiARSH AIFTHLL/BIH TR

BRGNS A JE TR R U 1o 22 A A B L AR AR R

BT Rt RmRb LRGN (RECE, mErde. KEaD , WEZerESEE 7 RBrITR

TR o fik BE 2 St A0 F I Y bR oA A Bl S

INPAR AN S 7 I IE . SRR kAL, i, AN St BRI AR R
AN TR LR AR RS (B4 R

REEVEREIRPRROPETE, InfERPERE. TR IkRE

PRI Ay AR KT 1 JIIK, RS 4000 WRUL LD KeMERE (af EBOR
VR M B T 40%-60%32 ) %] 40%-80%)

WP RIS AR DS, SR B R R A R I A

BB Lt
PG A sl SR s KT

S E R A

HLEAC A AR S RL, SRR Ay, RTE R HER DR

SRR FETHIE Pt PR R A I KT UL 7 AHE S 4% P A1

TFRAREA T« BT ROV Pt A 2 A 2




BRI E AIFTHLL/8IH TR

ISR I RGBT T, TR S Z B ER PCS, T RGFE

TN ARG RE R HAR

KT 100MW RS2 Sk BE RS BR BT AR BE . RGUEREEERIRE, 3D
AGEHAL AR HELL

B-Al20s M B8 A BRI R, it RERR B R0 e SR S e B Al A
AR R it HE— P RBENER P B TR HE BoR

Pk [ N e L, G SRR AR AR

e AT TR R, ABRET s N e RE R K R LRI R, AR E RO,
RFBEE S L, MR R ST K

kR AERE AP EAR A A AR BT R

)

P CEERESUI ML Bt 5 4 Ak

I 5% 3 A1 2 R A B [ e A

R EAR
T E B PR A LR R BRI T R 5 Sl

NINEREREBORBIFT, THEW: 25—, HUEERERKIIL RANS, Wik REAE s RGP
TER B, & IRIEAERE LR R . 58—, BURERT 16 E i REFOR R R ERZL, B2
AR R ATV SRS 5 B RS, RBERBBOR WK, Sl RESRGIHr: 7 dhE i BUk
SN BRI TT B. =, R, BAeJt@ERR-r e g, #H
SEiR PS5 5 N ES TR R N (i el B TRACE 8 2 NG | /42 -9 L P B 01T 3 N
Iro WAL, T FEBATIARMERE, A HER A B8 & AN R MIbRAE;  IFIn 55 % BE fa b [l
R R E B

{RERBA B FTBER R I

B INRBRBARBUFTHN o 1 IS0 A8 A MR B SR TSI A QT A AR SN, K ¢
W BORH A BN T, [N Sl A L AT e BT URA I ORI A 350N o 3EI07 E AR B B AR IO
BTN BT RS, WXz 4k 2 G KA E 05 A EEAEH .

WA ESEARGF R, WEBATTE . EUREREL, BaESHEM. K. THE
B W BURAE 8 R ARTR B G AN B2 5 SERFBCRAN SR A8 1  OLARBR SR G Hr 3 1 /N2
T Fe SERL "B AN BRI A AN BT 7 SRIPAl, AR RE B R AR L T, e T BRI HEE 7
QIFIME . K5 HMESERBEIR bR, X H RIBOR G W A S S S BOR AT LI AR

YRR 22 B 7 BC ) 25 IR AT AR

KB O QIBT BRI A B BN TR RIEHARIIAF A R B, BH A B X 6108 SR
BUORAGE G k575 30 A0SR 7T, DLBUS BN, IR ERBHCE R LT, E X
H AR TR A SRR S OR BT BEXE R IRIE TE A K T A IEOR, — 5 TR BUR 5
T RhEEF ERRM R SR, B r G| SR R BRI SCRE, B



B A RRAS s A% T3 AR AL E BE R BAR,  l DOE S BORAARHE S 45, 3 K e ki
BRI TR, BlnfE 2 BUF s ORIGEGR . H5E S R BRI HESE .

INERESFR TR IR BRSO QUE S 1SR, Fe R AV S A R BRI A ok
PLF, FEIRIR ] H AR S AR B8 WU AN B8 755K, I B A AR I S8t AR SQ BOR IR BRF R
WEk . JR¥E. HE MR I REAT SCRF . B, S ARG AR EBOR 5l S B B3, %A
RHBEILF R AT I HATHE

B ANV B R BN = LB AE - S0 fah A SCHF AT s ARBRBOR G, dsh ol ik
BRBIH I AN -

B ERBEIN S SRBBORBIFTBE . 51 2T RERBRRER T (PE/VC) &
RBCRE AT e R BT, U RBRER BT A Bmsiie . BRI AL R SR A B SCF

ISREFRSAE. —J7 IR R T EOR GBI SR, T A REZ AL R T
2, FRERIAME SR RO R MRREAT I (IR 2 5 2 A E X
A WHEEAREZR S E A EE PR AR , ST X R RIS . R
BHEEHT I E B S VR AN 2230 32 3C7, o [ B XU 38 A AR B ST B e A% AR R
L, EOBORED, BB, RSB EBOR R U

10



Low-carbon technology innovation is a key building block for
China to fulfil its carbon neutrality 2060 commitment

The Paris Agreement, adopted in 2019, set the long-term climate goal of keeping the increase
in global average temperature to well below 2°C above pre-industrial levels and to pursue
efforts to limit the temperature increase even further to 1.5°C. By the end of 2020, major
economies including the EU, the UK, China, Japan and South Korea have all pledged to
achieve carbon neutrality or net zero emissions. The development and large-scale
deployment of innovative technologies and solutions will be the most important opportunity
to achieve the global climate target in a cost-effective way.

Technologies follow a general path from concept through to commercialisation. At the early
stage of research and development (R&D), public funds usually play a key role. At the applied
R&D stage with increased commercialization potential, the driving forces will become
investments from private companies. Supporting policies including direct or indirect public
funding are still needed to incentivise and de-risk the investments, helping companies
overcome the market barriers. Considering the large amount of capital investment required
for technology innovation with limited public funds, the assessment and prioritization of
innovations are required, so that the public-sector investment can target those technology
areas that can have the greatest contribution to achieving emission reduction targets and
economic growth objectives.

President Xi, in a speech to the UN General Assembly in the September of 2020, announced
“China will scale up its Intended Nationally Determined Contributions by adopting more
vigorous policies and measures, and aim to have CO2 emissions peak before 2030 and achieve
carbon neutrality before 2060.” However, it is difficult for China to achieve its climate goals at
a lower cost with existing technologies alone and an acceleration of low carbon technology
innovation and deployment in key industries such as energy, industry, transportation and
construction will be required. Low-carbon technology innovation is critical for China to
achieve peak carbon emission by 2030 and carbon neutrality by 2060.

The year 2021 marks the launch of the “14th Five-Year Plan” and is the first year after the
commitment of carbon neutrality. To support the development of China National Mid- and
Long-Term Science and Technology Development Plan (2021-2035) and the “14th Five-Year
Plan” Science and Technology Innovation Plan for the 14™ Five Year, China needs to identify
and prioritize the key innovation needs to achieve its 2060 carbon neutrality goal.

Under the sponsorship of Energy Foundation, the Carbon Trust in co-operation with China
Energy Storage Alliance (CNESA), has developed a methodology framework for China’s low-
carbon technology innovation needs assessment and has tested it for the energy storage
sector, based on the UK's experiences of low-carbon technology innovation prioritisation. The
overall goal is to help Chinese decision makers to adopt more effective low carbon
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technology innovation strategies, supporting and accelerating the achievement of China’s
climate targets.

UK's Technology Innovation Needs Assessments

In the June of 2019, the UK committed to a new climate target, to achieve net zero emissions
by 2050, which updated the target in 2008 Climate Change Act of “reducing greenhouse gas
emissions by at least 80% from 1990 levels by 2050”. At the end of 2020, the United Kingdom
once again announced its latest emission reduction targets, promising to reduce greenhouse
gas emissions by at least 68% by 2030 compared with 1990. In order to achieve its legally
binding climate targets and ensure a safe, reliable and affordable energy supplies, the UK
is committed to supporting and promoting low carbon technology innovation.

To optimize the investment of public R&D funds and create a common understanding among
multiple public sectors, the UK Low Carbon Innovation Coordination Group (LCIGG), in 2010,
launched the Technology Innovation Needs Assessments (TINAs) project to assess low-
carbon technology innovation needs, identifying the technologies with the most cost
reduction and economic value. To promote and prioritize the low-carbon innovation needs
across the UK's energy system, the Department for Business, Energy & Industrial Strategy
(BEIS) started the Energy Innovation Needs Assessment (EINA) in 2018.

Both TINA and EINA processes follow a similar methodology (See Table 1), which, at first,
select and identify key technology sectors at the macro level, then conduct detailed
assessments of the innovation needs of different technologies within each technology sector.
The assessments focus on two quantitative indicators of the value of innovation and
economic value, namely, the deployment cost reduction due to the innovation and the
economic value from business creation and jobs created. Moreover, both TINA and EINA
processes identified the market barriers to technology innovation and the key innovation
needs that require public funding support.

The 2018 EINA methodology was updated to reflect wider system benefits of innovation. To
gather evidence and assess the innovation opportunities, EINA organized stakeholder
engagement activities, including workshops with industry and academic, targeted expert
interviews, and relevant government department seminars.
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Table 1 Summary of TINA & EINA

TINA EINA

Technology sector Bio-energy

CCus

Domestic Buildings
Electricity Networks and Storage
Heat

Hydrogen for Transport
Industrial Sector
Non-domestic Buildings
Nuclear Fission
Offshore Wind

Solar PV

Marine (Wave and Tidal)

Nuclear Fission
Offshore Wind

Tidal Stream

CCus

Heating and Cooling
Building Fabric

Industry

Smart Systems
Disruptive Technologies
Biomass and Bioenergy
Hydrogen and Fuel Cells Transport

Recommendations
for Public Sector

public sector support based upon the
requirements for achieving innovation

Methodology Technology themes are prioritized Energy System Modelling
Technology against two dimensions: Environment (ESME) is used to
Segmentation e Carbon abatement potential evaluate the energy system
e Economic value potential benefits of innovations for various
technology sectors, which inform
the selection of sectors.
Methodology A set of models from ESME is used to The central scenario is adopted by
UK Deployment develop UK future deployment ESME, assuming an 80% GHG
Scenario scenarios, which are further used to emission reduction by 2050 in
analyze each technology sector’'s alignment with UK’s long-term
potential. emission reduction targets at the
time.
Methodology Technologies are assessed across both  The process of technology
Technology quantitative and qualitative dimensions  assessment includes:
Assessment including: . Innovation needs
e  Value of Innovation (quantitative) assessment (utilising expert
. Economic value and job created stakeholder workshops and
(quantitative) interviews)
. UK market barriers and the UK's . Business opportunities and
ability to rely on others job created assessment
(qualitative) (quantitative)
o Market barriers assessment
(qualitative)
Methodology TINA provided recommendations for EINA focused on identifying

barriers where policy intervention
is needed rather than directly

knowledge base to provide reference for
government R&D investment and related
policy interventions.

Support and the benefits of innovation, existing identifying policy intervention.
UK and global support and an analysis
of potential intervention.

Output TINA created a robust, shared EINA identifies the priority

innovation areas that require
public investment.

Based on the review of TINA and EINA methodologies, this report summarises the experience
of the UK's technology innovation needs assessment processes, aiming to provide reference

for China's low-carbon technology innovation prioritisation.
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e The technology innovation assessment methodology, based on scientific evidence
and combining quantitative and qualitative analysis, provides a robust base to guide
government R&D investment decisions.

e A consistent methodology framework is used for all technology areas, which allow
the comparison within and across technologies.

e The energy system benefits of innovation are assessed under EINA, which will help to
capture the benefits of technologies such as energy storage and demand-side
response.

e The TINA and EINA processes are led and supported by the main government
departments responsible for public funding allocation. These departments are also
fully involved in the project process to ensure the research can provide support for
policy decisions.

e Different stakeholders including government agencies, research institutes and
industry sectors are engaged to gather the evidences and discuss the innovation
opportunities and market barriers, which also help to form a common understanding
among different stakeholders.

A Methodology Framework for China’s Low-Carbon
Technology Innovation Needs Assessment

Based on the experiences from TINA and EINA processes, as well as the current status of
China’s technology innovation assessment, this project initially proposes a methodology
framework for China's low-carbon technology innovation need assessment, which
introduces the quantitative analysis into the assessment process to supplement the
traditional expert scoring method. The technology prioritisation process is divided into two
stages:

e Technology family selection and prioritization (a “macro” level analysis): to examine
technological families as a whole to make an initial prioritisation and identify key
technology families with highest carbon abatement and economic value potential.

e Technology innovation needs identification and prioritization (a “micro” level analysis):
to analyse and prioritize the innovation needs of the technology family identified
based upon the innovation value, economic value and other key indicators.

Technology family selection and prioritization

The technology family selection and prioritization is the first step of low-carbon technology
innovation need assessment, aiming to identify key technology families that are most
required to realise China’s low-carbon development and emission reduction targets. To start
the process, the technology families should be preliminarily selected based on expert
opinions. To identify the key technology families, two key parameters, namely the carbon
abatement and economic value, should be assessed through literature research and
extensive expert consultation.
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The technology family selection and prioritization assess the carbon abatement potential,
which is the emission reduction potential of new technologies relative to traditional
technologies and economic value potential that the deployment of such technologies can
benefit China (see Figure 1). The carbon abatement potential and economic value potential
are estimated for each technology family and defined as high- medium-low. The key
parameters used to estimate carbon abatement and economic value such as deployment
scenarios, carbon intensity of the technology and China’s competitive advantage are
determined through literature research and expert consultation. Based on the estimations, a
prioritisation matrix is created and used to prioritize the technology families. The technology
families with high carbon emission reduction potential and high economic value potential are
then selected for further analysis in subsequent steps.

Carbon abatement

Economic value potential
potential

* Global economic value estimation

* Deployment estimation based on - Global deployment scenarios

global and China’s scenarios - Economic value of deployment

* Supply-side technology: carbon under global scenarios
emission reduction estimation of new
technologies relative to traditional
technologies

* Potential to capture the economic
value

- Assessment of China’s competitive
advantage in each technology family
relative to other countries

* Demand-side technology: carbon
emission reduction estimation of the

whole system attributed to the
technology - Estimation of the economic value

captured by China

Figure 1 Technology family selection and prioritization
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Technology innovation needs identification and prioritization

For identified technology families, an in-depth analysis is required to identify the innovation
opportunities and needs. This project proposes the framework of technology innovation
needs assessment, combining model analysis with expert evaluation (See Figure 2).

Technology

Economic Value

Innovation Value

Quantitative Deployment Scenarios

analysis + Supply-side
Literature research . technology: cost

China deployment
ploy reduction value of value

Modelling scenarios unit

+ Globaldeployment

+ Domestic economic
Expert workshops

* Exporteconomic

- « Demand-site value
scenarios ;
technology: system « Job creation « Prioritize
cost reduction technologies and
innovation
opportunitiesbased
on the quantitative
and qualitative
+ Assessmentof . ;
. - * Market Barriers analysis
innovation assessment
opportunities + e.g. safety,
+ International availability and cost

+  Widely expert
discussion and
consultation

cooperation of raw materials

opportunities

Figure 2 Process of technology innovation needs identification and prioritization

e Technology Deployment Scenarios: Analyse the role that a technology will play in the
low-carbon transition of China’s energy system, and estimate the technology
deployment scenarios for China and global. Several scenarios could be considered
including a BAU scenario, a scenario aligned with China’s National Determined
Contribution (NDC) and a 2060 carbon neutral scenario with high proportion of
renewables in the energy system.

¢ Innovation value: Innovation value is the deployment cost reduction contributed by
technology innovation. To assess the innovation value of a technology, separate
methodologies for supply-side technology and demand-side technology are proposed.
For supply-side technology, a unit cost metric is used to measure the value of
innovation. For demand-side technology assessing the system benefits of
deployment is more appropriate.

e Economic value potential (business opportunity): Business opportunities
assessment including analysis of China’s gross value added (GVA), and job creation.
The analysis of economic value potential is mainly based on technology deployment
scenarios, corresponding cost reduction trend and China’s competitiveness.

¢ Innovation opportunities: The identification of detailed innovation opportunities
mainly depends on expert opinions through workshops and interviews. A series of
stakeholder workshops should be organized to ensure fully discussion and
consultation, with the involvement of key stakeholders from government agencies,
research institutes and companies across the industrial chain.

e Market barriers and international cooperation opportunities: The market barriers to
innovation and international cooperation opportunities in each technology family
should be qualitatively analysed based upon expert interviews and literature review.
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e Other Tailored Indicators: Additional specific considerations for different technology
families may be required. For example, safety is one of the key elements for energy
storage technology. These indicators could be identified and assessed by experts
through workshops and interviews.

e Technology prioritization: Prioritize technologies and innovation opportunities based
on the results of quantitative and qualitative analysis.

It should be noted that the assessments of innovation value and economic value are used for
indictive prioritization of different technologies, rather than an accurate prediction for future
scenarios. The assumptions and parameters used in the model are highly reliant upon expert
opinions, and it is therefore necessary to extensively involve key stakeholders to conduct in-
depth discussions of assumptions, parameters, and results during both qualitative and
quantitative analysis.

Innovation Needs Assessment for Energy Storage Technology

Energy Storage: Role and Scale of Applications

Energy storage will help to support the development of the clean, low-carbon energy system
of the future. Energy storage technologies will support the power system’s achievement of
zero carbon emissions and help China achieve its "30&60" carbon emissions reduction target.
Energy storage is an important supporting technology for the rapid increase in installed
renewable energy, and helps improve the grid’s ability to connect to renewable energy. By
providing ancillary services such as peak shaving and frequency regulation, energy storage
technology can also improve the resilience and stability of the “Internet of Energy.” In addition,
energy storage systems can also provide support for energy management and path
optimization of the multi-energy system, improve the economic benefits of grid operation and
promote the transformation of energy trading models.

Based on the forecasts of authoritative organizations such as the National Development and
Reform Commission Energy Institute, International Energy Agency, Rocky Mountain Research
Institute, Bloomberg, etc., the China Energy Storage Alliance (CNESA) has divided the energy
storage market into three different development scenarios: low, medium, and high, and
forecasted the future scale of the global energy storage market. In the "high development"
scenario, or the ideal scenario, China's domestic energy storage demand is predicted to reach
510GW by 2050, while global energy storage market demand will reach 2440GW. This
scenario is an optimistic estimate of the energy storage market in China and globally, taking
into account the role of China’s power market reform, co-development of renewable energy
with storage, and project opportunities brought by the recognition of energy storage’s value
by grid companies and industrial manufacturing users. The scenario also considers how the
vision for global low-carbon development and the low-carbon transformation of the energy
structure will promote the energy storage market. From the perspective of installed capacity,
the future market for energy storage is huge.
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The value of energy storage technology innovations

Based on expert scoring and model analysis, the project estimates the innovative value of
different energy storage technologies, that is, the cost savings that innovation can bring.
From 2018 to 2050, R&D innovations can achieve up to 250 billion RMB in cost savings in
China's energy storage sector. According to the results of the model, regardless of whether
the low, medium, or high development scenario is realized, the cost savings achieved by R&D
and innovations in lithium-ion battery energy storage systems will far exceed other energy
storage technologies, followed by vanadium flow batteries and compressed air energy
storage technologies. Future lithium-ion battery energy storage technology costs can still
further be reduced through technological innovation. In addition to lithium-ion batteries,
based on technical characteristics, vanadium flow batteries and compressed air energy
storage technologies costs can also be greatly reduced through technological innovations.
These technologies are also expected to be applied on a large scale in the future.

Table 2 Cumulative cost savings of different energy storage technologies through R&D and
innovation from 2018 to 2050 (RMB million)

Energy Storage System Low Medium High
Lithium-ion battery (Li-ion) 46,092 104,644 147,626
Vanadium Redox Flow Battery (VRB) 14,697 35,792 53,529
Lead-carbon battery 4,060 10,453 14,365
Sodium-sulfur battery (NaS) 85 204 336
Compressed air 8,185 20,287 31,582
Flywheel 359 1,049 1,689
Supercapacitor 323 807 1,230
Total 73,802 173,236 250,356

Note: Discounted to 2018

Drawing on the UK TINA model and using first-hand data from the domestic energy storage
industry, this project assesses the scale of the global and domestic markets, the economic
value potential of energy storage technology development, and employment opportunities.
Under the optimistic scenario, the global energy storage market will exceed 270 billion RMB
in 2050, and the Chinese energy storage market will exceed 100 billion RMB in 2050. Among
these markets, the lithium-ion battery market will occupy a dominant position in China's
energy storage market, with lead batteries in second place, followed by vanadium flow
batteries and compressed air energy storage technology. Other energy storage technology
markets will generally remain small. Among physical energy storage technologies,
compressed air will have a portion of market space in optimistic scenarios. Similarly, flywheel
energy storage technology, as a new type of electric energy storage technology, will see
applications in specialized scenarios such as power frequency regulation due to its high-
power density, though its overall market scale will remain relatively small.
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Table 3 The scale of the Chinese and global energy storage market in 2050 (RMB Million)

Global
Technology Medium
Li-ion 27,602 36,249 67,169 111,285 144,864 207,603
VRB 3,144 2,812 5,873 3,341 3,039 6,147
Lead-carbon 9,320 13,312 23,185 12,192 16,667 27,630
NaS 72 78 154 14,601 18,057 24,217
Compressed air 1,883 1,277 2,592 1,912 1,305 2,621
Flywheel 649 690 1,405 906 1,131 1,973
Supercapacitor 410 374 803 424 410 865
Total 43,080 54,792 101,181 144,659 185,474 271,057

Considering China's medium-high competitive advantages in many energy storage
technologies, the development of such technologies will bring China a cumulative economic
growth value of up to 24.7-47.7 billion RMB. The commercial value of lithium-ion batteries
is the highest among electrochemical energy storage technologies, followed by lead-carbon
batteries and vanadium redox flow batteries. Among physical energy storage technologies,
compressed air energy storage technology has some commercial value. The commercial
value of flywheel and supercapacitor energy storage technologies is relatively small.

Energy storage technology innovations will bring more employment opportunities. In the
“high development” scenario, the energy storage industry will create more than 900,000 jobs
by 2050, of which the electrochemical energy storage industry will bring most of the
employment opportunities.

Table 4 Employment opportunities created by energy storage technology development in China (by

2050; units: persons)

. Scenario
Region  Technology Medium
China Electrochemical energy storage 365,423 477,663 877,597
Physical energy storage 26,682 21,220 43,516
Total number of jobs created 392,105 498,883 921,113

Energy storage technology market barriers and opportunities for
international cooperation

The current market holds an optimistic attitude to the future development of energy storage
industry, though it still faces major market barriers and challenges. These are concentrated
in several aspects. First, the market mechanism is imperfect. Second, domestic power
market reforms have been relatively slow, which, to an extent, also restricts the development
of energy storage technologies. Third, technological development prospects are still unclear;
fourth, improvements in lifespan and reliability of energy storage equipment is still needed.

At present, a number of barriers affecting domestic energy storage technology innovations
exist. On the one hand, companies have not formed a technology innovation mechanism that
is effective and comprehensive, and energy storage technology vendors are comprised
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mostly of engineers and technicians who do not possess the basic capabilities for research
and development. On the other hand, technical problems exist in technology innovation.
These problems arise from the energy storage industry’s nascent stage with immature
technical achievements, low technical levels, and weak technical collaboration. In addition,
domestic technology markets have achieved only a limited degree of maturity, which has to
a certain extent also restricted technology innovations in the energy storage industry. Due to
these combined factors, foundational energy storage industry research is seriously
insufficient and absent.

International cooperation on energy storage technology is mainly at the technical and policy
level. At the technology level, some domestic Chinese technologies lag behind those of their
foreign counterparts, primarily in raw materials, such as high-efficiency carbon felt and B-
Al203 ceramic tubing used in NaS batteries, perfluorinated sulfonic acid resin membranes
used in vanadium flow batteries, and cellulose paper and high-efficiency activated carbon
used in supercapacitors. Materials such as these provide great potential for international and
domestic collaboration. At the energy storage policy mechanism and market development
level, the energy storage market in China is still at an early stage. There are many
opportunities for China to learn from foreign energy storage development support policies,
such as project subsidy and tax incentive policies. China can also learn from foreign
experience in the creation of energy storage standards.

Other factors mainly include safety as well as the availability and cost of raw materials. Safety
issues have already become one of the key bottlenecks that the Li-ion battery energy storage
industry faces and the industry is in urgent need of Li-ion batteries that are intrinsically safe.
The availability and cost of raw materials is also a challenge with the increasing scale of Li-
ion battery applications creating pressure on the supply chain and increasing external
dependence on lithium raw materials, cobalt, nickel, copper and other rare metal mineral
resources. In addition, due to the increasing scale of Li-ion battery production, costs have
dropped significantly, and strong competitive pressure has been placed on other
technologies. This pressure will squeeze the market share and hinder the development of
other energy storage technologies.

Energy storage technology prioritisation and innovation opportunities

The key focus of technical innovation and development in China should be Li-ion batteries,
VRB and compressed air physical energy storage technologies. However, one key challenge
is that there is no universal solution that can meet the requirements of all applications.
Another challenge is that some energy storage technologies are either resource-limited or
face difficulties in achieving technical progress. Therefore, many aspects should be
considered when planning energy storage technology development routes. In addition to Li-
ion batteries, VRB and compressed air, other technologies worthy of attention are power-type
energy storage devices such as supercapacitors and flywheel energy storage, as well as
innovative energy storage technologies such as sodium-ion batteries.
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Table 5: Summary of innovation potentials and technology prioritization of different energy storage technologies

Catedo Market Development Innovation Value Economic Value Technology Safety/Material ”1?1%?/;;2 Priority
gory Stage (RMB Billion) (RMB Billion) Barriers Availability . Level
Li-ion Market Growth phase I 104.6 (46.1 - 147.6) 31.6(18.6-38.4) Low Medium/Medium  High 1
Market Growth phase I—
Electrochemica VRB I—IMarket Growth phase 35.8 (14.7-53.5) 1.1(0.7-1.3) Medium High/High High 2
| energy
storage t:fgc'm Market Growth phase Il 10.5 (4.1 - 14.4) 5.9(3.1-7.3) Low High / High Medium 4
Market Incubation
NaS Phase—— Market Growth ~ 0.20 (0.08 - 0.34) 0.01 (0.00-0.01) High Medium / High High 4
phasel
Sgr:ifress Growth phasel 20.3 (8.2 - 31.6) 0.5(0.3- 0.6) Low High / High High 2
Physical Market Incubation Phase
energy Storage Flywheel  ——Market Growth 1.05(0.36-1.69) 0.0(0.0-0.1) Low High / High High 3
phasel
ggirig:cap Market Growth phasel 0.81(0.32-1.23) 0.0 (0.0- 0.0) Medium High/Medium  High 3

Total

173.2 (73.8 - 250.4)

39.2 (22.8-47.7)
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Through academic literature research and expert interviews, the project identified the specific
innovation opportunities and needs of different energy storage technologies, which are
summarized as follows:

Table 6 Innovation needs of different energy storage technologies

Technology Innovation Opportunities/Needs
System scales are increasing, and there is increasing demand for safe, large-scale Li-ion
battery integration technology

Improvements in the reliability of batteries and systems (high efficiency, increased
Li-ion safety, long lifespans), such as the development of a safe solid-state lithium-ion
batteries
Increase the speed in which the selection criteria for Li-ion battery energy storage
system components is determined
Acceleration of the industrialization of low-cost sodium-ion battery cathode and anode
materials, such as cathode materials that do not contain precious metals or rare metals,
Sodium-ion and low-cost carbon materials
Improvements in key performance indicators, such as rate performance and cycle
performance
Improvements in the lifespan and performance of lead-carbon batteries (including
improved unit lifespan of more than 10,000 cycles and system lifespan of more than
4,000 cycles, and performance improvements including enhanced discharge capabilities
from the current 40%-60% to 40%-80%)
Lead-carbon Improvements in the performance of lead-carbon batteries by optimizing battery
structure and advancing carbon material technology.

Improvements in production automation and “smart” technologies

Improvement in lead recycling technology

Mass production of key materials such as electrodes to prolong the life of the

membrane and increase the power density of the stack

Improvements in the equipment manufacturing level of liquid flow batteries, price
VRB reduction through production at scale

Development of new, low-cost flow battery system chemistries

Strengthen research in flow battery system integration technology, develop supporting
power conversion systems (PCS), and improve system efficiency

Improvements in the energy conversion efficiency of the entire system

Compressed air Improvements in the overall design, component design, system integration and other
technological advancements of compressed air energy storage systems greater than
100MW, as well as promotion of system modularization and standardization
Advancements in B-Al203 ceramic tube production technology, performance
advancements and development of mass production of high-performance carbon felt
material

NaS Further advancements in NaS R&D and manufacturing technology

Building of a complete domestic industrial supply chain, such as for graphite felt and
other materials

Advancements in high speed flywheel rotor materials, such as carbon fiber; accelerated
development of high-performance bearings and high-speed motors, reduced self-
discharge, improved energy density; accelerated research and development of converter
systems

Flywheel
Increase the development speed of large capacity and low-cost flywheel units

Improvements in the application design and integration of flywheel arrays

Large-scale and domestic production of diaphragms and activated carbon

Supercapacitor
Development of key technologies for high energy density hybrid capacitors
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To accelerate energy storage technology innovation, the project proposes the following:
First, formulate a long-term development strategy for energy storage, clarify the role and
value of energy storage in the power system, and introduce policies that will ensure continued
development of the industry. Second, government departments should identify the
development route for energy storage technology, provide support to new and cutting-edge
technology R&D and encourage energy storage technology innovation, and provide market
space for more mature energy storage technology through policy guidance. Third, strengthen
the construction of collaborative experimental platforms built by universities and private
companies, promote the localization of key energy storage technology development, and
facilitate the industrialized development of innovative energy storage technologies. Fourth,
strengthen the training of energy storage professionals. In addition, it is also recommended
to improve industry standards and regulations, especially safety related standards, and
strengthen the construction of energy storage battery recycling systems.

Policy Recommendations on Low-Carbon Technology
Innovation

Increase investment in low-carbon technology innovation

Increase overall investment in R&D and innovation on climate related and low carbon
technologies, through increasing public investment directly and encouraging private
investment from private companies and financial institutions. The investment in clean and
low carbon technology innovation will not only accelerate achieving climate targets, but also
promote the growth and recovery of the green economy.

Identify key innovation sectors and prioritize innovation needs

It is recommended that the Ministry of Science and Technology, the Ministry of Ecology and
Environment, the National Energy Administration and other departments to jointly establish a
low-carbon technology innovation coordination group, to conduct innovation needs
assessment for achieving "carbon neutrality”, and to actively develop the Science and
Technology Development Plan for Carbon Neutrality. Identify and prioritize technology
innovation fields and opportunities inform public sector investment, based on key indicators
including carbon emission reduction potential, value of innovation, and economic value.

Promote diversified innovation incentives and financial support mechanisms

Taking the varied development stages of different technologies into account, design targeted
innovation support policies and financial support mechanisms. It is recommended that for
basic research, public investment should be the mainstay, and national science and
technology development projects and national key research and development plans should
be implemented to support key technological innovations. For applied research and market-
incubating technologies, the government should provide direct financial support through
public funds such as government guide funds and incentive funds, as well as encourage

23



financial institutions to increase support for technology innovation and reduce R&D cost. For
technologies at the market promotion and commercialization stage, policies and standards
should be developed to enable the deployment of green and low-carbon technologies.
Example measures include government green procurement policies and green and low-
carbon technology standards.

Facilitate cross-departmental coordination

Strengthen cross-departmental cooperation on low-carbon technology innovation.
Integrating the resources and advantages of different departments, jointly identify the low-
carbon technology innovation needs, and release policies to support the R&D, demonstration,
and deployment of low-carbon technologies. For example, relevant ministries and
commissions could consider to integrate relevant green and low-carbon technology catalogs
and work together to promote these technologies.

Encourage private industry R&D investment and the collaboration between industry,
university and research institutes

Encourage and support the private industry on clean and low-carbon technology innovation,
and mobilize R&D investment on low-carbon technology from the private sector.

Encourage financial institutes to support low-carbon technology innovation

Guide financial investment institutions such as banks, private equity and venture capital
(PE/VC) to carry out financial innovation, and provide financing support for R&D,
demonstration, and deployment of innovative technologies.

Strengthen international cooperation

Strengthen R&D on "bottlenecked" technologies, while at the same time stop the
generalization of "bottleneck" factors to avoid repeated R&D and waste of funds. It is
recommended to evaluate the risk of “bottlenecks”, assessing if the technology is owned by
multiple countries and if there is risk of interruption of cooperation between the technology
owner and China. At the same time, international cooperation on low carbon technology
innovation should be encouraged, to strengthen the technology transfer and sharing in the
field of climate change and low carbon development, reduce technology blockades, avoid
repetitive investment on technology innovation.
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