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Optimized Operation of AC/DC Hybrid Distribution Network Based on
Network Reconfiguration Under Stepped Carbon Trading Mechanism
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Abstract: Aiming at the problems of AC/DC hybrid distribution network node voltage instability, high rate of abandoned wind and
photovoltaic power and high system operation and maintenance cost caused by source-load volatility, a low-carbon optimization
operation method of AC/DC hybrid distribution network taking into account network reconfiguration and demand response is
proposed. Firstly, a stepped carbon trading model for AC/DC hybrid distribution networks is established. Secondly, a low-carbon
optimization operation model for AC/DC hybrid distribution networks is developed with the optimization objectives of system
economy and low-carbon, taking into account the constraints of network reconfiguration, demand response, capacitor switching, ac-
cess to distributed power sources, and charging/discharging of energy storage. Then, the nonconvex distribution network optimization
model is transformed into a mixed-integer convex planning model and solved by introducing intermediate variables and a second-
order cone relaxation method. Finally, the proposed method is simulated and analyzed by the improved IEEE 33-node AC/DC hybrid
distribution system, and the results show that the proposed method can significantly reduce the carbon emissions and the rate of wind
and photovoltaic power abandonment generated by the system operation, and improve the system voltage stability and dispatch
economy.
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Fig. 8 System carbon emissions and total operating costs
under different carbon trading prices

REAS S BUAC HL s A7 2 B M I A
A

%Zie

(6}

BRI AT I B X A LRI S T R I e e
IBATIE MU EE R, AN S — P SR 4% B S
SR e IV 28 B TR T A PR B AL A A5 T 1 15
B FERIT

1) T L% 190 2% oA A0 75 R M 7 1 I L 1R 1 94
JETT R RERE B T oA 2T A REUR BT AN RE 1 5 &
Gyt g E A U Bt AR S B
ey 25 [8]_E BB A, SR R N aE a5 | T
A7 o S BB A I ) R 2 A, A P R PR A
AL S s 28 23 A1, DT ek 2R G H T a0 A
TR GG IR

2) i T 1) 22 R R A R AR B A AT A T
%, AR T ARG R BRI . R
A AL BIVE R, O a0 Bk R i B 4 75
T, AR R R R 2 IO T A RE IR AT AN, paib
2 FRL T L LA SRR AL A R, AT e R A R
K BAS, I BRHEICE o

3) AR GUIR AR B Bk 58 5 A% 1 B T SR
PN BB TR BIR . X e NN B A 5
MHHIEET,, o T AR ARG A 5T, BeH
Sl B AT R ARl D B HE T, T R AR R A
BE WA EERA S MR R —E R R, 2t
filf 55 3 AT AU BE PR AL A S5 R A 29, iR
BRI IR T 055

ASSCR T 2 28 T A D S A, RIT &

ASHM . EJFSERIPTTE S R SRR TT
S 3k

(1] 3KBE, BT, TR, %3 K vSCiz 1777 35 ek 2 1k

PR 2E B R G E vl o AT S A [T ], LR, 2022, 46
(1): 292 - 303.
ZHANG Lu, YU Shunjiang, WANG Chen, et al. Reliability
evaluation of AC/DC hybrid distribution network considering
VSC operation mode and fault recovery optimization[ J]. Power
System Technology, 2022, 46(1): 292 — 303.

(2] fhspoi, BRAT, skamd, &5 e R T A0 S H i S
HL P E R R T[], LT, 2023, 56(7): 95 - 106.
FU Shouqgiang, CHEN Xiangyu, ZHANG Libin, et al.
Coordinated restoration method of hybrid AC/DC distribution
networks for resilience enhancement|J]. Electric Power, 2023,
56(7): 95 - 106.

(3] A5, A, R, 45T m L DGR IE 98 AR A BLR

A C HL s -2 R R O AL s (7). B R, 2023, 17
(1): 84-93.
FU Yu, BAI Hao, LI Yue, et al. Spatial-temporal coordinated
optimization method of low voltage hybrid AC/DC distribution
network for accommodation of high-proportion PVs [J] .
Southern Power System Technology, 2023, 17(1): 84 — 93.

(4] ZRARS, TR, BRI, % SR REIR AL A
W BEALRIZRA T ], BT HRIEOR, 2022, 16(1): 14 - 32.
ZHU lJizhong, HE Chenke, CHEN lJingyun, et al. Overview of
electric vehicle charging and swapping facilities planning under
the environment of integrated energy system [J]. Southern
Power System Technology, 2022, 16(1): 14 - 32.

[5]  FESCHE, sk, BRI . 25 AEC F ) 29 B A RS T 2 8 oK

W V7 ) 4 SR T R TR P I O fe sl [0 ). o Rl e L TR 23
2023, 43(8): 2966 - 2979.
TANG Wenhu, ZHANG Yin, QIAN Tong. Optimal control of
buildings-to-distribution-network integration system consider-
ing reconfiguration of distribution network and active demand
response of buildings[J]. Proceedings of the CSEE, 2023, 43
(8): 2966 - 2979.

(6] FHemm, XUk, BXAF, 2. 55T 100 2 B4 1 L SRR A 7 SR i L
AL F ) 2e e e eI (D ). Ry, 2019, 40(4) 2 90 - 97.
WANG Yali, LIU Hong, ZHAO Juan, et al. Distribution
network economic dispatch based on network reconfiguration
and power-heat combined demand response [ J]. Electric Power
Construction, 2019, 40(4): 90 - 97.

(7] &EWgF, skPOF, sk, 55w LB S BRI A T I G

SRR A TG PR A (D], W ) R R SR, 2022, 50
(1): 116 - 123.
HUANG Mingyu, ZHANG Qingping, ZHANG Shenxi, et al.
Distribution network reconfiguration considering demand-side
response with high penetration of clean energy [J]. Power
System Protection and Control, 2022, 50(1): 116 — 123.

(8] JAFF, A, M, &5 FIEZ i UK MRS 1T 5
L MR TR L], TTHLIEEAR, 2023, 17(12): 63 - 70.
ZHOU Dan, LI Jiajie, DENG Meiling, et al. Microgrid
reconfiguration method considering coordinated operation
strategy of multi-distributed hydropower [J]. Southern Power
System Technology, 2023, 17(12):63 - 70.

(9] XUkAfg, Eam, MLLE:, 55 . v M5 i35 5 71 i A I8
B RSS2 [ IR HOR | 2021, 47(1): 73 - 80.



%5 3 1]

AN, A 2 R R SE i AL T T 9 265 T AL 19 58 B TR A G R A ARz 17 105

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

LIU Yongmei, WANG Jinli, YANG Honglei, et al. Dynamic
optimal method of distribution network in consideration of flex-
ible load adjustment capability [J]. High Voltage Engineering,
2021, 47(1): 73 - 80.

IMIE, ERIGERE, SKASE, 5F . HE TR IR 3 Y22 B I L M 43
A EHEAALTEEE T ], RL A, 2021, 45(12): 4768 - 4778.
SUN Xu, QIU Xiaoyan, ZHANG Zhirong, et al. Distributed
robust optimal dispatching of AC/DC distribution network
based on data driven mode [J]. Power System Technology,
2021, 45(12) : 4768 - 4778.

LIJ, WANG G, TANG T, et al. Optimization of distribution
network reconfiguration based on Markov chain Monte Carlo
method|J]. Energy Reports, 2022(2): 1 - 10.

ARYRIN, VESEIE, IO, A 2B AR R DA B T A )
MUZPEALTHEELT]. HJ7 BRI AR, 2022, 16(9): 107 - 118.
LI Zhenkun, WANG Xuanxuan, SHI Shanshan, et al. Bi-level
optimal dispatch of distribution network considering power
interaction among microgrids [J]. Southern Power System
Technology, 2022, 16(9): 107 — 118.

ASCH, BAR, L, S B IERSRIAN A S S S
SR RIZEFTREELT] I RE A S, 2020, 44(11): 41 -51.
SHI Wenchao, LU Lin, GAO Hongjun, et al. Economic
dispatch of active distribution network with participation of
demand response and electric vehicle [J]. Automation of
Electric Power Systems, 2020, 44(11): 41 - 51.

i, BAZ, HlkTr, 55 SET L B S IR KRR 5 BE
BRGARBR A THAL R EZ LT ] B RGP S, 2022,
50(5): 12 - 21.

WANG Rui, CHENG Shan, WANG Yeqiao, et al. Low-
carbon and economic optimization of a regional integrated
energy system based on a master-slave game with multiple
stakeholders [ J]. Power System Protection and Control, 2022,
50(5): 12 -21.

R, BEIR, BE, SF . BRASHHLE N T SIS
REIR RS ATFE M [J/OL ). M5 M AR : 1 -13 [2024 -
07 - 24]. https://nfdwjs. csg. cn/gateway-web/zh/debutDetail.
html? serialNum=20231227001.

SHI Wei-Ping, MO Jun, YANG Hui, et al. Economic analysis
of integrated energy system based on cooperative game under
carbon trading mechanism [J/OL]. Southern Power System
Technology, 1 — 12 [2024 — 07 — 24]. https: //nfdwjs.csg.cn/
gateway-web/zh/debutDetail.html? serialNum=20231227001.
PR, S5, ARREE . AT IR IR B B i 4538 B i B
FEBUR MR [T]. BT AR, 2024, 18(12): 62 -76.
TAO Weijian, AI Qian, LI Xiaolu. Research status and
prospects of collaborative scheduling and market trading of
virtual power plants [J]. Southern Power System Technology,
2024, 18(12): 62 -76.

PR 5T, BOlieuk, W HIE, 55 . BT SRMERAS 5 HLH A 200
AE R A U R (IR BE LT ]. LRI, 2023, 47(6) : 2196
- 2207.

CHEN Junxian, JIA Yanbing, HAN Xiaoqinget al. Distributed
coordinated optimal scheduling of multi-micro integrated

energy systems considering demand-side carbon trading
mechanism [J]. Power System Technology, 2023, 47 (6) :
2196 - 2207.

FUAR, LR, VFRRER , 55 . 25 B XU T 58 2 LR Y e

W o3 SRR AL EE [T ], it R, 2024, 50(8) @ 3477 -

[19]

[20]

[21]

[22]

[23]

[24]

[25]

3487.

WANG Jidong, BIAN Yinan, XU Qiuming, et al.
Distributional robust optimal dispatching of microgrid consider-
ing risk and carbon trading mechanism [J]. High Voltage
Engineering, 2024, 50(8): 3477 — 3487.

SRUEIE , ZEWRNE, IR, 2 T 1) fOR PO RE A 2 il RE 8 55 -
RBR-AT4E £ B ARL AL D [1]. I R G A sk, 2024,
48(1): 21 - 30.

ZHANG Shixu, LIU Weisheng, et al.
Economic, low-carbon and reliable multi-objective optimal

LI Yaowang,

configuration method of cloud energy storage for microgrid
clusters [J]. Automation of Electric Power Systems, 2024, 48
(1): 21 -30.

TEEME, IR, 29, 45 5 IE XU R e L 52 BRI
WA B o3 A B AR TR BE [T ], B0 A B ke 4, 2023, 43
(11): 59 - 66.

XI Junye, TONG Xiaoyang, LI Zhi, et al. Low-carbon
distributionally robust optimal scheduling for AC / DC distribu-
tion network considering wind power uncertainty [J]. Electric
Power Automation Equipment, 2023, 43(11): 59 - 66.

B, WS, R, % B IEB R IR O B - AGR
RER R GIRBR A TT M EE (1] Wy A S ke st , 2021, 41(3):
10-17.

CUI Yang, ZENG Peng, ZHONG Wuzhi, et al. Low-carbon
economic dispatch of electricity-gas-heat integrated energy
system based on ladder-type carbon trading [J]. Electric Power
Automation Equipment, 2021, 41(3): 10 - 17.

BB, AR, B . 5 B b B 2 by M KOL AR IR &
GLor A PRI BE [T W T RGP S ], 2023, 51
(6): 127 - 136.

ZHAO Yi, WANG Weiqing, YAN Sizhe. Distributionally
robust optimization scheduling of a joint wind-solar-storage
system considering step-type carbon trading[J]. Power System
Protection and Control, 2023, 51(6): 127 — 136.

ZHANG L, WANG C, LIANG J, et al. A coordinated restora-
tion method of hybrid AC/DC distribution network for
resilience enhancement[J] .IEEE Transactions on Smart Grid,
2023, 14(1): 112 - 125.

HAYTHAM M A .Energy management of AC - DC hybrid
distribution systems considering network reconfiguration [J] .
IEEE Transactions on Power Systems, 2019, 34(6) :4583 —
4594 .

TR, WAL, XU, 5. 25 I8 XA AN E PR B A2 B TR
AR A RAALIE AT [T ], R AL TR, 2020, 40
(2): 550 - 563.

WANG lJiayi, GAO Hongjun, LIU Youbo, et al. A distributed
operation optimization model for AC/DC hybrid distribution
network considering wind power uncertainty [J]. Proceedings
of the CSEE, 2020, 40(2): 550 - 563.

Wi HER: 2024-09-23; M4 E % HHE:2025-03-02
E&E R

LA E(2000), 5, MEAFLA, AT @A R LARAE G

M AREACIEAT, 1400489462 @qq. com;;

4R (1980), %, @144, @#4%, W, AFid Rk

BT @MAFR, 24001744@qq. com;

B £ (2000), K, MEHRAE, B F @A MG RAEAE

4T, 1472596401 @qq. com,



