5519 3 55 4 ) EHEMEAR Vol. 19, No. 4

2025 4F 4 A SOUTHERN POWER SYSTEM TECHNOLOGY Apr. 2025
NERS:1674-0629(2025)04-0078-15 FE 5 E S TM715 HAFRERD: A

DOI: 10. 13648/j. cnki. issn1674-0629. 2025. 04. 007

Z 8% EMR & E R ES A M iR R f&7 6 1[5 7 1

FEE, keI, KRB, AxE, A, grg
(1. B 5D FE T RBHAFTREL LR T (LEEERFE), 5 200240; 2. BMZFHERFREARA, LT
102209; 3. BMAZEH & A TRNS B IR NG, 483E B 17 361000; 4. B @ibAH R A RS, &% 211106)

WE: AERRETH EARALSEE BT ERGHAL, #ET —HFE S LRSI X R edmey W IR M54
FIALR ik, Bk, SMBEEMNETH., 2 AXACRETH ., BEEAE AR P 4L EREANNFPHR LT A
ABABIFR, HLEA-SERSMT XL, RE, WAEARE RZEH AR, RSB0 R 5K 01
W RS R ARIBEA . BB T —HBARRES S AE N AR IR T QRET HAAE S0 LR, FIREHE
T Ao A X R KM, FJ5, B H6 5 M R ZAR Tk TAR LT A HiFR, Rikoh XAk
FHRAA, BRI FELFEE,

KRR R REASAE; %I RAMI; WREAX

Collaborative Planning Method for Distribution Network Source-Network-
Load-Storage Considering Multi-Agent Mixed Game Theory

WANG Feifei', ZHANG Shenxi', SONG Yi’, LIU Wenliang’, DU Wei', CHENG Haozhong'

(1. Key Laboratory of Control of Power Transmission and Conversion, Ministry of Education, Shanghai Jiao Tong University,
Shanghai 200240, China; 2. State Grid Economic and Technological Research Institute Co. , Ltd. , Beijing 102209, China;
3. Xiamen Power Supply Company, State Grid Fujian Electric Power Co. , Ltd. , Xiamen, Fujian 361000, China; 4. NARI

Technology Development Co. , Ltd. , Nanjing 211106, China)

Abstract: To adapt to the new trend of a large number of market entities participating in the investment and construction of distribu-
tion networks, a distribution network source-network-load-storage collaborative planning method is proposed considering the mixed
game relationship of multiple agents. Firstly, the interactive behaviors and respective interests of four main agents are analyzed in the
planning process, which are distribution network operators, distributed power generation operators, energy storage operators, and
power users. And the mixed game relationship of master-slave cooperation is established. Then, a hybrid game planning model is
constructed with the distribution network operator as the leader with an embedded source-load-storage side follower alliance coopera-
tive game. A solution strategy combining target cascade analysis method and adaptive coefficient alternating direction multiplier
method is proposed to achieve decoupling and distributed iterative solution of the two-layer model. Finally, the case analysis shows
that the planning method can effectively balance the interests and demands of all parties. The investment and utilization of distributed
new energy are promoted. And the economic benefits of the planning scheme is enhanced.
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Fig. 1 Multi-agent mixed game relationship
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Fig. 4 Typical daily data of wind powers, photovoltaics and
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Tab. 3 Planning results of different methods
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3 5(462),21(600),13(600), 11—34,20—35, 17(727),
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Tab. 4 Planning benefits/expenses for stakeholders 75

Ik Cos Coso Crss Cor
1 50.31 413.36 15. 82 494. 46
2 67.97 714.95 11. 14 170. 41
3 59. 06 710. 40 10. 46 167.38
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Tab. 5 Various benefits and expenses of distribution

network operator AT
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Fig. 5 Simulation transaction results of distribution network

operator in scenario 2
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Tab. 6 Various benefits and expenses of DG operator 77T

Jrik: Cpa Cra Chs Chg
1 265.29 71.26 106. 89 179. 35
2 276. 50 69. 12 103. 68 173.97
3 259. 13 66. 32 99. 48 166.91
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Tab. 7 Various benefits and expenses of energy storage

operatorunder three methods AT
Tk Css Ciss Ciss Css
1 35.90 9.16 7.50 21.74
2 30. 63 8. 89 7.28 21.10
3 28.76 8.35 6. 83 19. 81
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Tab. 8 Various expenses of electricity user 75
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Fig. 6 Demand response of load powers
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Fig. 7 Simulation transaction results of power users in
scenario 2
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Tab. 9 Planning benefits/expenses for stakeholders in different

cost schemes FIT
7‘5‘% CDG CDSO CESS CDR
1 65. 80 413. 36 15.82 494. 46
2 50. 31 413. 36 15. 82 494. 46
3 33.59 584.97 14. 40 325.42
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Tab. 10 Planning benefits/costs for stakeholders in different

electricity pricing schemes Vil
ji‘% CDG CDSO CESS CDR
4 50. 31 413.36 15. 82 494. 46
5 50. 31 232.47 6.09 347.90
2) AT R b

Z e nl AR 10 s, AE A B R v
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Tab. 11 Planning benefits/costs for stakeholders in different

scenarios Vi
iﬁﬁ CDG CDSO CESS CDR
1 49. 36 416.23 15.43 493.26
2 48.44 418.99 15.01 492. 11
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Tab. 13 Planning benefits/expenses for stakeholders ¢

}7{£ CDG CDSO CESS CDR
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Tab. 14 Planning results of different methods
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Fig. 9

Initial topology of actual system planning
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