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Optimal Allocation Strategy of Energy Storage in Distribution Networks
Taking into Account Electricity-Carbon Coupling and Cooperative
Autonomy
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Abstract: With the proposal of dual-carbon target, energy storage is an important way to promote distributed PV local balanced
consumption and reduce carbon emissions from the distribution network, but the traditional energy storage configuration scheme usu-
ally only considers the electric power balance, and how to comprehensively consider the electric-carbon characteristics puts forward
higher requirements for the optimal configuration of energy storage. Firstly, a cluster division method based on electrical distance and
net load carbon flow rate is proposed by introducing the node net load carbon flow rate index for cluster division of distribution
networks, which improves the efficiency of distribution network management and the accuracy of carbon emission management. On
the basis of the cluster classification, an energy storage allocation method that takes into account the carbon emission cost of the
distribution network is further proposed, which takes into account the carbon emission cost and network loss cost, as well as the
economic cost and benefit of energy storage allocation, establishes a carbon balance mechanism for energy storage, quantifies the
impact of the change of the carbon content within the energy storage on the distribution network, and avoids carbon dioxide emissions
into or out of the energy storage equipment. Finally, the results of an arithmetic simulation in a distribution network in Anhui
province show that the proposed method reduces the total carbon emissions of the distribution network by 11. 12 % compared to the
unconfigured energy storage system.
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Tab.2 Comparison of distribution network operation costs and

benefits under three scenarios T

ZH KRECEMHRE EOHRENlE A SOk

SBRHE R A 4118.98 3877.66 3661. 10

BT 5219.77 4240. 94 4222.98

AR RN S 10917.47  11269.29
T RE M SF (A A 766. 80 791. 51

SERE YIRS H UL R 13 667. 23 14 079. 64
AT IR A [ I 5 545.87 563. 46

SAEE A 9338.75 5589.78 5301.78




LERNE:|

HEAESIE, AF T L AR A S PR F A BB A AR RE DT TR E SR 119

4.5 fiEgemt &K 8 217

KPR S AT R AR R X b, Sk
1439.44s, ¥5:2°01330.67 s, 1. HAEX
R MR M UEAT AR L FCEAH M 3
B W2 WA 47,

AT AR 4 7E, Shk ) B 8 R /N
9 880 ME A F] 2 1604, R4 ERE G B REILfL T
ORI 4550 T 7.56 %, SRR AL NT
SRARIR, PR T A RE B SR AR

5 4%ig

ARSCAEARBRZE TEOLMA TR T B A i RE B ik
HERRM LR, S5HETR.

1) 255 25 e A B Y v BT Tl 2
fabs, ek TR R B, FH Louvain 53k 5%
TAERERY R A, SE BT e B HE TR 23 X
H,O$RTE T AHRENC E B RARRCR

2) K a1 P R I R L A ) A
B, LA TREREMENE S A, FEAR T B A I A i
HEOSAS o

3) A SCH S AL AR RE R T L], (A
REBIAAE 44> F 17 LY H O R PR, A AR AR
THEBE R A B B A, RESR TR R R T LR 1)
K

AR TTIEAL S R R AL . $RTF RS
STEMPMRRGEE T A RE R Aok, ik
— BB RISy, HE— P ¥ R - P A
9 38 P TR, X I A 0 i R kA7 5 v A 1 G Ak
[

53 Ak

(1] MR, BOEW], £, 5 3T s PR U ) i R et
P B B 4 A7 5 I O AL [J/OL ] By i B AR, 1 - 12
(2025 - 03 - 28]. https://link. cnki. net/urlid/44.1643. TK.
20250328.1131.005.
TAN Qingliang, HE Jiaming, WANG Yi, et al. Two-stage
distributionally robust configuration optimization of peak shav-

i SN

ing energy storage considering the coordination of flexible
resources [ J/OL . Southern Power System Technology: 1 — 12
[2025 - 03 - 28]. https://link. cnki. net/urlid/44.1643. TK.
20250328.1131.005.

(2] VUM, 286, TRMEAS . e AL e ) R G hE RE LI 7 15
WEFE ke M R B[], B R A Ak, 2024, 48(9) : 178
- 191.
TANG Xisheng, LI Wei, SHEN Xiaodong. Research progress
and prospect of energy storage planning method for new power

[3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

system [J]. Automation of Electric Power Systems, 2024, 48
(9): 178 - 191.

ZRERY, sk, AR, B S S IMIENAIE RS E R
R PR pr (9], e THOR 23R, 2021, 36(19) @ 4148 -
4160.

LI Junhui, ZHANG Jiahui, LI Cuiping, et al. Configuration
scheme and economic analysis of energy storage system
participating in grid peak shaving [J]. Transactions of China
Electrotechnical Society, 2021, 36(19): 4148 — 4160.

W, RS, BN, 55 BIEZIUMRE2E S LM X R
AR ARG R R ACELE [T]. i TRAR 4R, 2021, 36
(1): 151 - 165.

DIAO Hanbin, LI Peigiang, LU Xiaoxiu, et al. Coordinated
optimal allocation of energy storage in regional integrated
energy system considering the diversity of multi-energy storage
[J]. Transactions of China Electrotechnical Society, 2021, 36
(1): 151 - 165.

FESC, Er%, B, 55 25 IR D 2 UM RS E 1
TG H PSR R 23 D7 2 [J/OL ] L B AL, 1 - 13[2024 - 10
- 23]. https://doi.org/10.13335/.1000 — 3673.pst.2024.1579.
GUO Ziwen, WANG Zijian, HUANG Chun, et al. A distribu-
tion network clustering method considering source-load-storage
power coordination and uncertainty [J/OL]. Power System
Technology : 1 - 13[2024 — 10 — 23 ]. https://doi.org/10.13335/
j-1000 - 3673.pst.2024.1579.

T b, WEELE, XURHIE, ST O E A R L B A X
BN 5T T]. B, 2024, 48(11): 4699 — 4709.
WANG Jingjing, YAO Liangzhong, LIU Keyan, et al. A
dynamic zoning method for distribution networks towards
regional autonomy [J]. Power System Technology, 2024, 48
(11): 4699 — 4709.

CHAI'Y Y, GUO L, WANG C S, et al. Network partition and
voltage coordination control for distribution networks with high
penetration of distributed PV units [J]. IEEE Transactions on
Power Systems, 2018, 33(3): 3396 — 3407.

MENG L Z C, YANG X Y, ZHU J, et al. Network partition
and distributed voltage coordination control strategy of active
distribution  network  system considering  photovoltaic
uncertainty[ J]. Applied Energy, 2024, 362(5): 122846.

R, WA, S8, 55 5 B W a IR R TTC /Y 5 1L
1153 A3 O AR AL HL W A ST 43 07 12 [T ] w9 O L I 4
A, 2025, 19(4): 161 - 172,184

PENG Qi, OUYANG Sen, ZHANG Jinming, et al. A cluster
division method for high percentage distributed photovoltaic ac-
cess to distribution grid considering multi-section source-load
feature matching [J]. Southern Power System Technology,
2025, 19(4): 161 - 172,184,

LUO C, WU HB, ZHOU Y Y, et al. Network partition-based
hierarchical decentralised voltage control for distribution
networks with distributed PV systems [T]. International Journal
of Electrical Power & Energy Systems, 2021, 130 (9) :
106929.

B, IR, K, B TR A RS Sk
i REBR R L RIS AT (T ]. B0 A BB, 2025, 45(5): 31
- 39.

CAO Huazhen, XU Wei, ZHANG Jun, et al. Cooperative
planning and operation of peer-to-peer transaction and shared
energy storage based on cluster partitioning [J]. Electric Power
Automation Equipment, 2025, 45(5): 31 - 39.



120

7T ALEAR

919 %

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

SUFA, AT, AR 0HT, 5. 25 BXOCTH PRI HE I
PR A RE AL BT T (1], MAM L T HAR | 2024, 43
(9): 121 - 129.

LIU Tonghe, WU lJiazhe, LI Xianggian, et al. Research on
optimal allocation of hybrid energy storage in distribution
network considering landscape absorption and carbon emission
reduction [J]. Foreign Electronic Measurement Technology,
2024, 43(9): 121 - 129.

Wk, AT, TG, & RIS SR d AR A RRIR
RGBT ] B TR A, 2023, 38(6): 1633 - 1647.
PAN Chao, FAN Gongbo, WANG lJinpeng, et al. Low-carbon
optimization of electric and heating integrated energy system
with flexible resource participation [J]. Transactions of China
Electrotechnical Society, 2023, 38(6): 1633 — 1647.

PR, WEE, X, A BETRRTE W0 2 R0 R M R SR
WEZHITEI] BMEA, 2024, 48(1): 39 - 53.

YAN Jinwei, TAN Lu, LIU Nian, et al. Electricity-carbon
coupling trading for multi-microgrids system based on carbon
flow tracing[J]. Power System Technology, 2024, 48(1): 39
- 53.

XUNHZE, W4, MRERE, A5 THBeBicHIERIC S P A TC B, 100 43 A 2UA
R SR [T ], T E AL R 2 4R, 2024, 44(24) 1 9594 —
9607.

LIU Lijun, HU Xin, LIN Kun, et al. Distributed low carbon
dispatch for distribution networks with carbon emission sharing
[J]. Proceedings of the CSEE, 2024, 44(24): 9594 - 9607.
WANG Yunqgi, QIU Jing, TAO Yuechuan. Optimal power
scheduling using data-driven carbon emission flow modelling
for carbon intensity control [J]. IEEE Transactions on Power
Systems, 2022, 37(4): 2894 - 2905.

B, Xk, B m, T SRR LS 2R ek
TiC FL 1O 22 26 R RE L (). WD A B 4%, 2024, 44(7)
45 - 53.

YANG Baijie, LIU Hong, GE Shaoyun, et al. Configuration
of multi-type energy storage system in high resilience distribu-
tion network based on distributionally robust chance constraints
[J]. Electric Power Automation Equipment, 2024, 44(7) : 45
- 53.

NI, BRORZE, ZR5EAT, 45 B RS IRAR S AR AR IR 7 0
R UL AR BRI BT B (7], RBHBESHR , 2024, 45(7):
2-9.

SUN Yingcong, CHEN Laijun, LI Xiaozhu, et al.Optimal al-
location of centralized shared energy storage for renewable
energy station clusters with consideration of resource correlation
[J]. Acta Energiae Solaris Sinica, 2024, 45(7): 2 - 9.

CHEN L, JIANG Y Q, ZHENG S C, et al. A Two-layer
optimal configuration approach of energy storage systems for
resilience enhancement of active distribution networks[J]. Ap-
plied Energy, 2023, 350(9): 121720.

CHEN L, LIU W X, SHI Q X, et al. Prospect theory-based
optimal configuration of modular mobile battery energy storage
in distribution network considering disaster scenarios [J].
International Journal of Electrical Power & Energy Systems,
2022, 142(11): 108215.

BT, BRI, TEE, 5. 3T Uitk FRE s nfEme it
P i [T ], A, 2022, 23(10): 1-9,58.

WEN Chunxue, ZHAO Tianci, YU Geng, et al. Optimization
configuration of energy storage based on the improved particle
swarm optimization [J]. Electrical Engineering, 2022, 23

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(10): 1-9,58.

KA, AR, mBEL, 5. ZIELEATENER) L=
REOE AL IC 7 1 [T ). H THOR 224, 2025, 40(5): 1521 -
1539.

SONG Meng, LIN Gujing, GAO Ciwei, et al. A generalized
shared energy storage optimization configuration method
considering multiple uncertainties [J]. Transactions of China
Electrotechnical Society, 2025, 40(5): 1521 - 1539.

WRHEIE, XU, R, 4 BT CHARGUR LI 2425
75 F I R - BE DI ] RS G [T ). v R4, 2024, 39
(15): 4599 - 4612.

CHEN Yanbo, LIU Yuxiang, TIAN Haoxin, et al. Collabora-
tive planning and configuration of photovoltaic and energy stor-
age in multiple traction substations based on generalized analyti-
cal target cascading method [J]. Transactions of China
Electrotechnical Society, 2024, 39(15): 4599 — 4612.
VAR, XL, W%, 45 5 IR L TR Bt B RV Ay e 1L
{1 e DT B, IO i R - JCEh O AR IC [T ] vl D B, 2023, 44
(9): 68 -179.

JIANG Youhua, LIU Hongyi, YE Shangxing, et al. Optimal
allocation of energy storage-reactive power for high percentage
new energy distribution networks considering voltage quality
and flexibility [ J]. Electric Power Construction, 2023, 44(9) :
68 - 79.

siEde, PR, Red, A5 G R AN A W R A
WfERERLI 7 [V AR, 2021, 45(1): 259 - 268.
ZHANG Haibo, MA Shentong, CHENG Xin, et al. Distribu-
tion network energy storage planning ensuring uninterrupted
power supply for critical loads[J]. Power System Technology,
2021, 45(1): 259 - 268.

A, TRTEAE, TR, AF . B ORI SR A IS H 0 23 A
Ak RE A ARG A LR [T]. T PR A REVR , 2022, 40(11) :
1546 - 1553.

ZHAO Jingming, SU Jieying, PAN Feng, et al. Dual objective
optimization planning of distributed energy storage for active
distribution network considering photovoltaic fluctuations [7].
Renewable Energy Resources, 2022, 40(11): 1546 — 1553.
JRIRA, FRE IR, TRECHE, 55 . 0 ) RGO S BT B W)
BT ARG AL, 2012, 36(7): 38 - 43,85.

ZHOU Tianrui, KANG Chongqing, XU Qianyao, et al.
Preliminary theoretical investigation on power system carbon
emission flow [J]. Automation of Electric Power Systems,
2012, 36(7): 38 - 43,85.

T, R, B, 45 . JET Fast Unfolding 2RS4 L
Ao A O IR B IRAE TR 20 [T ], K BHAE“# 40, 2021, 42
(10): 29 - 34.

WANG Lei, ZHANG Fan, KOU Lingfeng, et al. Large-scale
distributed PV cluster division based on Fast Unfolding cluster-
ing algorithm [J]. Acta Energiae Solaris Sinica, 2021, 42
(10): 29 - 34.

LI PAN, HAN ZHANG, ZHAO SHANSHAN, et al. An
optimal allocation method for power distribution network parti-
tions based on improved spectral clustering algorithm [J].
Engineering Applications of Artificial Intelligence, 2023, 123
(8): 106497.

BeBE, Sk, T, S LIRS THANRE 1A F bR Rl 2R AR
U5 WL SR R R 4 O vk (). b [ i BL TR 4 4R, 2019, 39
(22): 6583 - 6592.

BI Rui, LIU Xianfang, DING Ming, et al. Renewable energy



LERNE:|

B, 45 T LR BAR A S M E] B A TC L I RE DL AL TC B SR 121

generation cluster partition method aiming at improving accom-
modation capacity [J]. Proceedings of the CSEE, 2019, 39
(22): 6583 - 6592.

[36] GROWE-KUSKA N, HEITSCH H, ROMISCH W. Scenario
reduction and scenario tree construction for power management
problems [C1//2003 IEEE Bologna Power Tech Conference

[31] BLONDEL V D, GUILLAUME J L, LAMBIOTTE R, et al. Proceedings, June 23 - 26, 2003, Bologna, Italy. New York:
Fast unfolding of communities in large networks[J]. Journal of IEEE, 2003:3 - 7.
Statistical Mechanics: Theory and Experiment, 2008 (10) : (371 AR, SCABAL, WIS, &5 W R TR L ) R G IR N
10008 - 10017. R EREVE AL B Bom AW T 23k [J/OL ). L i 52 i 22
[32]  BKBH, Shfn, AR3C), . 3 Kol - S A e e 1 4 A =X R, 1 -32[2024 - 07 - 25]. https: //xuebao.sjtu.edu.cn/CN/10.
RS HERC & 7 ik [T ], TP E AL TR 24, 2024, 44(22) . 16183/j.cnki.jsjtu.2024.128.
8897 — 8908. FENG Mengyuan, WEN Shuli, SHI Shanshan, et al. A review
OUYANG Bin, MA Rui, ZHU Wenguang, et al. Distributed of optimal allocation and operation of energy storage system for
energy storage cluster configuration method of distribution peak shaving and frequency regulation in new type power
network considering carbon emission reduction allocation [J]. systems [J/OL]. Journal of Shanghai Jiaotong University, 1 —
Proceedings of the CSEE, 2024, 44(22): 8897 — 8908. 32[2024 - 07 - 25]. https://xuebao.sjtu.edu.cn/CN/10.16183/j.
[33] WAZELL, MR, dhife, &5 —Fhelck it DRI 5 9 SDN cnki.jsjtu.2024.128.
P R R [T ] AL R, 2020, 46(11): 207 - 213. [38] %y, BRBHAR, WHSHE. 5 Bl BRAL s Fe e i & 43 1 OBk
ZHAO Jihong, SUN Tianao, QU Hua, et al. An SDN control- T H, ) i fiE U2 AL B B [T/OL]. B s M4 A, 1 - 11
ler deployment strategy for improved community detection (2024 - 10 - 23]. https://link. cnki. net/urlid/44.1643. tk.
algorithm [J]. Computer Engineering, 2020, 46 (11) : 207 20241022.1038.006.
~213. PENG Qi, OUYANG Sen, XIE Yunxiang. Considering
[34] FH, M, A[ECY, 55 RS HUIE K32 A H, A i optimal marginal benefit of distributed photovoltaic distribution
REE B Bk il 8 A BEALL R 73k [T, SRR A, 2025, 51 network energy storage Two-layer optimal configuration [J/
(4): 1696 - 1707. OL ]. Southern Power System Technology, 1 — 11[2024 - 10 -
WANG Chunling, DONG Ping, KE Siwei, et al. Two-stage 23]. https://link.cnki.net/urlid/44.1643.tk.20241022.1038.006.
siting and capacity-setting stochastic planning methodology for
grid-side energy storage for large-scale ocean wind access [J].
High Voltage Engineering, 2025, 51(4): 1696 - 1707. ;'fézﬂff 2025-06-16; P4 E % HH#:2025-10-10
= i 2 2x S Bl 7 B gL ey 89T :
35 E;*‘f::ﬂ%’ %@?T;%Hiiﬁwgmﬁﬂmﬁ%‘i“ﬁﬁ& EAER(1999), &, MEARE, BHEH 6L E WA LA
B0 ]. LISZBAEER , 2023, 57(12): 1531 - 1542. #, cuijiaxuan0920@163. com;
PENG Xinhao, LI Yanting. Wind power scenario generation EEAT(1991), B, distd, Blsde, ME4S0F, WL,
method and application based on spatiotemporal covariance R AR, BeE, x. yan@ncepu. edu. cn;
function[J ]. Journal of Shanghai Jiaotong University, 2023, 57 2 A(1981), B, #¥x, MEAFIF, HE:, HFRFZEGHLELS
(12): 1531 - 1542. AeR A%, %HHeEZA B, nianliu@ncepu. edu. cn,
- &
=
R e A H= B AE E B LIS E o Al
el Ty i > AU 3= &7 0 ), A R A AT TN 5] cvveeeeemeneesnneeeens A2




