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Abstract: The global energy transition process is accelerating, and the problem of power
system fluctuations caused by the high proportion of renewable energy connected to the grid
is constantly intensifying. The source grid load storage system has become the key to
ensuring the stable operation of the power system. Super capacitor energy storage
technology plays an important role in power system control due to its advantages such as
charging and discharging rate and cycle life, and is an important support for optimizing the
control of source grid load storage systems. This study summarizes the optimization control
strategies of supercapacitor energy storage technology and source grid load storage systems.
Firstly, the research and development process of supercapacitor energy storage technology at
home and abroad is summarized. Then, the structural division of source grid load storage
systems is elaborated. Finally, the role of supercapacitor energy storage technology in power
balance regulation, system frequency regulation, and source load collaborative optimization in
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the operation of source grid load storage systems is analyzed in depth, providing reference for
the upgrade of supercapacitor energy storage technology in integrated control of source grid

load storage.
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integrated

DL GRS AT R AR RERAE HL 70 AR e B
Had) 2z, (HZH S BUH R G TR KM
SR L M L ) RGN 2 A AT o YRR £ A
WAL I, £ — @R LR 7 BRI, &
NRFEIAC ) R G L R e BT RO G . ik
REC A 1 D UR I T ik R 0 0 TR L — 3%,
PEREDL 25 & ELIRE M R Gufz . S B R RE R
DX T A% Gefi BEBOAR , FLAT BEPR AR 78 TP iy 3
&, AT ARG R, RS HETE L R G
R, R RGP R AR

(R GRS i

1.1 EBRNBEBStEERARLR

20 40 90 AR, FRE CETFUR T 2 H A il
REBARMBE AL b, 430 ZEMERE, EHWHE
RHEEFARMZ ORISR, 2R
TARET R TT, B8 B E PR dtKF, o
SRR O A SRS . HAT, BN REIReL
LRI, TEEIR TR % R AR
HlEE T, R T — R . fER ORI 8T
B, EBNC&IFRIFTE M amlREPEER. A
BRI G AR R H AR B, T E R
Bt KAL) BRI 70 BT e ) ) A S0 B 5 6 FR bl b
Bl AT DK 2 R % 42 = 21 80~120 Whikg,
R RE AR T L 40%, TR IAE PA 75 i m) DLIK 2
50 /3R VA B, 2 DA R HL I i RE I s /R R TR
LS NG 252 - TR NG T 50 N D RS B
O fifp A% 20 v R o A D R PR ) A, &R T
B RSN R A

£ TN AT, BRNC&LEFRET 24
AR H . 20254F, [H 58 B AL IR G H
W, TR ARG ISR T e, QSR R 5 X 5
H. iz HRH “EHHE%+150 MW/300 MWh f%
FREEL” MRAEARKZE, 2REENAIRRLE
CH AR A MERER AL BB SEUE T
H, NI Mg R R A T E

B TREAL
1.2 E/MNBRBAHEERARLR

5] 718 2 FE A B R AR A S A P R, K
55 IR E ZZ AN X AT H AR AR B
MR BARSE . RGAR S 7 T A Ak T4 2k
HOASE

% H Maxwell 5256 H AR T = DR K A i
56, AW GOE R AR ARME . FHE Tz R
FREARR . BB A E A . £ E AR (DOE)
RS EFFRM SRR, HATAH IS SE 5 HI A &4
7 RE R E 150 Whikg st s 58, ALl
I FH B85 Al RS 55 [ 5K B 3 R 4 H S A L)
BT RSk, 18 [E Skeleton 24 ) £ i
AERFEEA, MURSHEABFRSREE LR
60%, [FIR 2 B T IRINPE A 2R . 2024 4F,
TEESRE L R T ARk KRR T, JEE
2025 IEAEH, =Rk 1200 5.

2 BREBMERIONTERTE RS
32 4 6 1 A

21 EMTEE RGeS

Bt R B A 2 A ERE W, FEARH
1 = 1IN RS = [ R [P
HHES AL, TR G REIR 5B Y n] B A e
PRI RE A o e A8 0 AT F A R YR FH A 5 ) 4
it RGMFFIE 2 —, LG A Re R 3 6 T AR P At
it i SRR AT %, RIERGREERE. BN
M2 RGRe = LS oAk AL, A 506 R
7= A2 1) FL R Ik B A A, S B AR B 1 A8 HLO
o HEARGMAFER BN, REmM%g. THi
& SRR O H P A% 0 BR B TR R
HLRE B A i 5 A B e, RIS BT Th 2R k2, R
WEHL AR E . Tl RSt RE R M B, BFE T
W ks SRR AFEFOL B . A
K, BHEE AR B A HEBNR AR K, el eT
VA FEBORAWHR T, 75 EEA e 75 SR e AL ) g



% 6 1]

IREREESE . HR A REROR S SR M AT i 2 G4z i iF 7C

2283

T RGOS, SEOLBHIR RTE . fEREME R
GLRE R TG ITIAT, MEREBR AT LUE B Z R
fE, FE DA e g i LR AR S s DR, PRAE R
REFEAL, SKBLRERMLR T, MRIMATHE RS
A I A% ST

2.2 BEBEAREREMGEERGEPNE

(1) ThEPHIRT . ThRTH2 IR G i RS
FasE B AT MEEA, T A AR REVR I WY 3 U REVR R B0
AN A7 i 75 SR IR BE AL IR AR AL, T RE S BLR G IF
PTG A T BN 1) . B 2 L R A e
TR BATZ AP 00 70 5B 3 P DA B v ) D 2R
WL, AT AP IR SRR FRCLRE L T30 R IR 3R 38
gy, JUHR TR I v T R B R A B T K
Ro EHRVEN, BEHREMRRGTLLSXE, b
REEFHARIARGIFP N, BEET A 73
Zfo DALLIPH A A fi VR 5 il BE A ST TR AL
B, 1%kt 20259 H—HIJFR N AT, Z2EA
AR RO, B AR LA R A IR A RE
v, J& T SR R MR 2% H A R T R AR e YR R P
I3 5. RN B N 21 XU AR R L R
#, ARER TAEG KO AR I
AME” WRE. AE AT, SRR MR R GE, W
PAAT RS0 o ek S (ARG o T2 Tl A 7 KA
B R A AT Dh R BRAL, RS A AT DL
R, SHANDDASGR I, R i .

(2) RGMRMT . BIRZH RGBT
OE TR, A ARG R AR AL, AT
RE 2 T B A il 2 SUAUR Ml 2 A€ BfE . LA
Pfil REBAR T AP M B R AR, SEI 2 5 R4
WA, PRESUR KR E .

B OL AR S B R e R
AR PR EES S AR, B
ARG BL/NIE B BN, G AR R PR
RIALA], 3 FE R T DA, AR R K F
T MEELG KR — KA, SR A fk
AER G T EHARA A e, W B SRR R,
WL, BCKIRTE T RGURMTERE

FESEBRL I, 20 R A A RE R GEIE AT LSRN
W RGP, B A S, 78 KR,
FEZ LA B B A A AT DU A% Gt K I LALT]
I AR, 73 5T R I RIS R e sh iy, 3R
VSRR R VE . BeAh, g s w] DIVE

REAHR ) R, SR A ) ) R
Eas NTA RGN

(3) AT P RIDEA o P ip ) HIE A A2 Y8 A A s
RGTH R Ebr—, BAEMEE RS BIEM . G
SRR, KRR R SRS A B AL .
2% P A e AR A Dy 42 F PRI F i 0 P A% 00 AL
AT LU RSB ) B % b AN B IR B
B, fem RO .

FEVEAT P [ BE A, B2 AT DUR Y
PR F RSB AT 1B O, S B RS
SCLRE R AV RACULEC . 0, ARG AR 77 R e U
TR BARI, IR Z AR ITHLRE, 2 AR K
B, =R AR, RS SRR, AL
i R I B AL, SRR A OR . TAE R N
N ARG P R U AR B R
TRIE, REWSPRETINTh R B, dErF TR

3 & iE

A REBOAR T B SR L,
A SRS, DA BONIRM G i R G )
Boleo AR, BEFAHREARKI BT, H Pl
R MEREROAR R I E mRE R . IR, BRetL.
LA FE. BEE R T AWa g, 5 UM %
fif RGLMRL S L ABIRN, T8 D BORER
SR RGURMAAL UL KRR RN 583, YR
BREREBR P L AEH T ) RGBT B h A5
KAEH

£ % Xk

(1] ERHE, SR, R, 5 A SIS SRR 0 225 T 10
] BRI L, 2021, 41(S1): 54-57.
WANG M Y, LI S Y, DONG H, et al. Application of graphene
matrix composites in supercapacitors[J]. Modern Chemical
Industry, 2021, 41(S1): 54-57.

[2] BR&GHE. 40857 it AR K B - WA v AR T RO T 7E[D]. K R
HEAZIE R, 2025.
QIU J H. Research on cathode materials and ionic liquid
electrolytes for aluminum-ion batteries[D]. Dalian: Dalian
Jiaotong University, 2025.

[8] EJEZE, 5KIL, RE, &5 B2 LRI A R AR i 0 5 00 1 it
PRERLRI]. m 7 L EAR, 2025(4): 78-92.
WANG F F, ZHANG S X, SONG Y, et al. Collaborative planning
method for distribution network source-network-load-storage
considering multi-agent mixed game theory[J]. Southern Power

System Technology, 2025(4): 78-92.



