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Abstract: With the increasing proportion of new energy sources and the widespread use of power electronic
equipment, such issues as decrease of rotational inertia of the power grid, unstable frequency and
insufficient regulation resources have occurred. In view of the issues that in frequent and significant power
fluctuations, the response cannot keep up in time, which affects the lifespan of the equipment. The existing
system has no way to deal with the flexible regulation requirements of the new type of power grid.Power
storage technologies such as supercapacitors and high-power lithium-ion batteries possess such advantages
as millisecond - level response speeds, high power density, long cycle life, and have become key to
overcoming these bottlenecks. In this paper, starting from the explanation of the energy storage principle of
supercapacitors, how key materials affect the rate capability and cycle life of the devices is analyzed.Then,
megawatt - level energy storage system integration schemes, power allocation strategies for the synergy of
thermal power and energy storage as well as grid-based control technologies are introduced. Finally, the life
assessment methods based on physical models and data-driven approaches are discussed. It is hoped that

this paper can provide some reference for applying this technology to ensure power grid security.
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Table 1 Summary of main policies on new energy storage and hybrid thermal-storage frequency regulation in
recent years in China
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Fig.1 Power installation capacity in recent years
in China
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Table 2 The main institutions conducting research on high-power energy storage devices at home and abroad as well as
the product performance
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Fig. 2 Charge storage mechanisms of pseudocapacitance
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Fig.3 Structural diagram of supercapacitor
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Table 3 Performance comparison among traditional
capacitors, supercapacitors and secondary batteries™
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Table 4 Comparison of typical electrode material systems for supercapacitors and their performance
optimization directions
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2) AR 5L . IR TR
PCS — MR B IALIF RN 23 IX 4, B T 1 i
s, RER AU A . I SRR AL R TR
RUPATE , 38 G A R TS B TR D R AN 3]
P IRA R G051 AU DC/DC, T LAUFFERED R P
RO R i AR R E B EROR SR AR
Pl S R 2 T B

3) Pl S Re A B ACARIEEA TR X
LT Z I B RUBE DA - R RE T SEPLALPRAS TR
gt HLZ AR BRI B) RUBE b 4545 1 58 JCAE 2 (o]
fbo IRE R Gt — Al SRR A B30 S e
AL 2> B2, [ ] SOC %3 1 e R L
BIR i 2 5 E 3 2 AN D) 38 25 T B 1R RE A
F i , i G B R R A e AT T AR P R AR

< 11 -



20265521 BAEBRESTYBE 4%
HHI TS AAEF SRRV A B, 2 A S0 — 3

Yyt N PCS 2455 RGN BT RO A
DR R B B 5 3 B« — TR — A B SRR ) JCE RS PR A R S TR i S B AR % e 1) A X0t
P U B SR BRI B E T, B B HE AR W S E RS L2 7,

x7 NBEBEPMPAEFEERARELNEXLS
BB
Table 7 Mode comparison and adaptability summary of different energy storage technology routes in thermal power
coupled frequency regulation

4) T S e . SR LR R G R AL

P EE SRR R SOTERLS R
T T R Nty e oy AT E AT
ook Y N TINAN G ST e - R O N .
CHBRERI s R T T Y 5 B
o RS U R L e /R B TR T
%@Eﬁﬁ/ﬁ"ﬁ’j)ﬁ\ NERET PN B 7
SH leey Y shiE
B AT DU RIS PRI O U, TR E T AL S I
. B R R e R TR

— YRR 5 3 D R DR ) R A S T L
13, DA TR REHL 3 s —UCRBUR AT 1 22 B R
5 RE R RHIE IR G S RE o R EEVERE S
T il Z (6] 5 o A AT rp =, R i g K it AR 2 TR

TOCF AL T 25 ) B A2 B, R 25 R B4 o
J2 BE T A ) A ORIE AR T8 4 B i T e
WS R0 E AR AT ke 3R [ SR % A R H 40
£ 8w,

®8 EERFEAIEREETIE

Table 8 Typical energy storage frequency regulation projects in recent years in China

Wi i1 5, fHHE R G iz i)
WiRe N L figREn H W=7 L () 50 MW/100 MWh Bz k4% . i 2022 4 8 H
1EHE IR 2H K A
%gmzﬁrﬁﬁmﬂk% WL-F M L m) 30 MW/30 MWh R 2045 Ha b 2022 4£9 H
W 20 MW IR &% RENH B 15 MW/7.5 MWh BEERZR A HL it 5 5 MW/4 min
e e B R ( S 2023 4F 4
B FEEE- IR (LA (033 MWh ) KLt 58 T4 A
TR AEIEAE A 20 JK FOHT A% 16 MW/8 MWh BB AL ith ;4 MW/10 min
. TR-BiE (2 2R 2023 4F 11

R ) R CRRBLAD c me ge I
155k K KIRE 10 MW/10 MWh ;10 MW/6 min 482
égigﬁgﬁﬁ%ﬁ“ I O —— it B ot 12 7

|S LIV AL A
TEREBAZ B B IR A . 14 MW/14 MWh BERREEH HL 1 ;6 MW/6 min

Y —PH2Z (- ZHAN

AT AL BHIZ CICEALALM) g e 2024 4F 12 H
ok A N
;;g?gréﬁﬁ%ﬁ% SO (L BILAE M) 16 MW/10 min 4-#8 %% L A4 RE R S0 2025 4E 2 A
v YRR
AHEREA I WZRS 15 MW/15 MWh 35 MW/6 min Y
R oo e B s e

B YRS

L AR P B At BE .
;ggg SRR TR B A AL M) 10MWx10min #8 25 i, Z4ERE R 58 20254 6 A

T FE B2 I H A, MW ZOR A ERER S
TR R SR R R R L T . TR
PRI 20 MW T H 2R FH 4 MW B2 AT A 16 MW
B Y 7 R SRR L 20% , G A BT
AR OERUE KR 1.2~1.5 (5 BRI o S . 1
30 s PN AR R bk op T A 2 H 23 1o AR v 1 L
TR S EAN A F b A A R EE T, ST B 55 5 MW
GBS A DB,

.12.

5 HBGERETE S LB HTRE IR BRI Y R
ER

5.1 EBLOISTAETREE N R RS E R R

W REIRBLALEL 1o TR IFI L A7
PSR A PR 22 57— R AV Z 1
PR, S ECR S SACRE BT R H 132
TR s — 47 R 117 A B AL 5 B



2026 4F5 2 1

Myl i, S AERE R SR AR PR L I S R AR AR B R B

(s 224)

D10 I N S A R = i SO G i R R i
KT RETR A H o s A L IR 5, IS R
JeR s R E AL T RGBiiae 1. L, anfe]
b A 1 AT A5 R LU ) e IR 1 L B AR e
778 BR FEL R0 R s Ay R O Y
[] R

2016 4F 9 H 28 H, KOG LU 48% 1 e
TR ) 37 5 ARG s DR A5 i) 280 XL FL 7 4 ot 1Y
HE—RINF, B LA DA IR B 52% , RGNIH
TE 0.4 s WH 49.5 Hz B8 2 47 Haz AR IRV Rt
R T AR AR A AR B 1 {1, B0, DO A0 52 A Tt
2019 4 8 H 9 H RS i FRAE B i i o [ v o 3 <2
i 5 R, A CREVR R AR S ERL X 150 MW,
Bifi J5 IXUFEL B 1) 887 MW, BRI 2k Tl R 2 R4t
KPR A, A5 ey A A 3 AR A 2% ik e A1 X HL R
PRAP SR, DT 8 B4 A1 =X RE U5 PO 350 MW
G G N = A C [1 05 s ) (R

MY =Rt R AR TR )2 T EPIE 11 A U i
%o ERBBEBREBRES RN, — B R AR
i B R AR O R ARl BUYR B, R
IR AT BEAE P FD A [] RS R kv . K
Wi A5 AL 28 (RoCoF ) 23 L1 AR 2 43 A = HL IR 1 f- 7
BEE E ST & —i BN, B S AT R S B
AV AR B, SO i e G AT 48 . %0 S A
ARSI R G010 KA, A8 A As R, $3h
NI 46 i) T LT A FE 08 19 fig ot 92 op” 601 s iz P[]
s

e L AGET RE TR AN S LB AR i R I, i ol T
5% 5 7 I (] R 255 () b A S 34 51 34~ 3R G MR
B RE Rt T AE B[] L B AL 5 1] s B A
Uit RO ; 78 25 0] _F AN TR X k% 75 2R 22 i1 1R
K, BT B R AR v ) M 7 AR 25 By B LA 1 e 5
X7, A& S [ 20 HLZE B Hh A DXl At et i AR 3
ARG R E PR B oK, AL S
KR HILZE 50 S Ok iz T X EATI B
UTIVRT 95 e L E [T i S AV A N DIV
BEPR VYT BB T R T A BE A A A IR
w5 T R, IR 3 K 2B o PR fR A1k
X
5.2 FEMEREABIEIER LN 5 1R E T EVIE

/NS S IR PR AL T e R RE TR 4%
T RGBT, P30 & A 5 iR AR A 2 it
KRR B AR I Bk PR, R — DR AR % P X LA K
A ST il A AR AP S PRI IOR R R B . IRt
ey 5 A AS [R) 2 B R 5/ H ) H - R (A 48 i BT

Hik, S5 Z2 R BT R B IR R I R0 ), O BT A AR
(1 Bip ) B TSR s LR R 2 i B SR
ARG e st .ol Z —. & L ilHThE
DR DX SR o 23 0 A R ] 14 B

E 14 SrtoIFraeR XigiRE = R
Fig. 14 Spatio-temporal distribution characteristics of
regional inertia in power systems with high penetration of

renewable energy™”

TEARAR I R G800 S 0 1 S B 7 7
T I AR A 1) A S A 5 R AT i 1
Z ] B (] ROBE R L o i S P AR 2 D) R
Gy AL S IR BE D A FEAIK RoCoF Jf:
SR YR TR A B J7 S (), AEUABE S AR B AN T R
IRAAT ATy 5 SLURAR D 38 T 58 LR
PRI, B At R 1 D) BB SE A TRFEHL T M F45 0
SRR AT T D2 AR, ZEHE Bl U DL A A1t
it AN RoCok , FFEAN 3K 5 By Bt LA — YR ] 5
FE 3 R PR A S 5 R S O 227,

LB , it e v] 38 o L ] 5
POUT A4 1] S IRT ) A5 AU 25 7 AR () A4 < G
A D) Ty R I8 E DR 25 AF SR AR AR
d(AF)Yde Ry RS, A SR g 480 2 ) A
FBE T3, TITFEAS [R] B B R e/ W g 1 DL 2
HRGY)HV 4,

TE T REIE FC V5 T, R 2 P 75 a4 55 D) R AU it e
arl P T R m IR m R e icrh U st JE PN 2
PESRAERAE , JOHGE T m i NRE R DR S 1Y)
o HARBIFAEK BT E AR RS i AE T 25 o)
W U Sh A B B, L/ AN SR i s T %
W5 A, M RoCoF I Jm 48—/ — YR R4t
PRI BN AL 5 R SR E R R
RILANE 5 SRR AR, B 342 4 P IRy
RSB IR SR Wy iTE - NI ER USR
TFREZ 3G R A 5 S0 B L ] X,
DO 0y DI ] SR o 25 AT RE VR M FOL 5T 2 X LG L
%9,

. 13 .



2026 4F55 2 1

BIERBESRYBE

41

R BFFEEREIIREARTLE
Table 9 Comparison of virtual inertia of different
renewable energy sources
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