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Table 1 Comparison of algorithms among
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Table 3 Comparison of results between

Scenario 1 and Scenario 8
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Table 4 Energy storage location and capacity

determination scheme of Scenario 1
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Table 5 Energy storage location and capacity

determination scheme of Scenario 8
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Collaborative optimization strategy for location and capacity determination of
energy storage system considering transmission and distribution integration
based on extreme learning machine

ZHENG Zhong"*,MIAO Shihong"*,ZHANG Songyan'?,YAO Fuxing"?,ZHANG Di"*,HAN Ji'?
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology,School of Electrical and Electronic
Engineering, Huazhong University of Science and Technology, Wuhan 430074 ,China;
2. Hubei Electric Power Security and High Efficiency Key Laboratory,School of Electrical and Electronic Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Aiming at the problems of insufficient resource coordination and complex solution in the traditional
model of energy storage location and capacity determination,a collaborative optimization strategy for location
and capacity determination of energy storage system considering transmission and distribution integration
based on ELM(Extreme Learning Machine) is proposed. Firstly,considering the security operation constraints
and economic optimization objectives of the transmission and distribution network,the location and capacity
determination models of the transmission and distribution network are established respectively. Then, the
nonconvex constraint of the second-order cone relaxation transformation model is introduced to establish the
location and capacity optimization model of energy storage system considering transmission and distribution
integration based on the second-order cone relaxation. Secondly,considering the coordinated operation mecha-
nism of transmission and distribution grids, the locational marginal price of transmission grid with second-
order cone constraint is derived. Then, the state representation model of transmission and distribution grids
based on ELM is constructed to realize the fast response of states for transmission and distribution grids.
Thirdly, the collaborative optimization algorithm for location and capacity determination of energy storage
system considering transmission and distribution integration based on ELM is proposed,so as to obtain the
global optimal allocation of energy storage system in transmission and distribution grids. Finally, taking a
T6D7D9 system as an example for simulation analysis, simulative results show that the proposed strategy
can fully coordinate the resources of transmission and distribution grids, promote the safe consumption of
clean energy, improve the operation economy of transmission and distribution grids effectively, and achieve
the goal of “mutual benefit”.

Key words:transmission and distribution integration;energy storage system;location and capacity determina-

tion;second-order cone relaxation;extreme learning machine;collaborative optimization
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# E1 T6D7D9 R Gufii Bl 4
Table E1 Transmission network parameters in T6D7D9 system

IR A E 15 e FH¥L/p.u. hEBREIMW
1 2 0.021+ j0.170 200
1 4 0.032+j0.258 200
2 3 0.004+ j0.037 190
2 4 0.025+ j0.197 200
3 6 0.002+j0.018 180
4 5 0.005+ j0.037 190

5 6 0.018+ j0.140 180




7 E2 T6D7D9 RAAHLIM 1 4
Table E2 Distribution network 1 parameters in T6D7D9 system

AT ZAbAT FHfi/p.u. T RIMW
B3 1 0.07+j0.20 60
1 2 0.06+j0.19 60
2 3 0.07+j0.21 30
2 7 0.07+j0.21 30
3 4 0.07+j0.20 40
4 5 0.06+j0.18 20
4 6 0.06+j0.18 30
7 8 0.06+j0.19 20
8 9 0.06+j0.19 20

7 E3 T6D7D9 RAALHLIM 2 Z4
Table E3 Distribution network 2 parameters in T6D7D9 system

LR 2 BL$it/p.u. D REIMW
B4 1 0.08+j0.20 70
1 2 0.05+j0.15 70
2 3 0.08+j0.20 20
3 4 0.05+j0.16 70
4 5 0.06+j0.18 40
4 6 0.06+0.18 50
6 7 0.05+j0.16 40

I E4 HHMBLMERERSEASH
Table E4 Basic parameters of lithium battery energy storage system

B Hig
TEI H i la 15
TEIARRE % 97

R TR A (T + KW 6500

BN 2B RARILTG « (KW » hyY) 3900
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Fig.F4 Output of energy storage station in distribution network 1
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Fig.F5 Output of energy storage station in distribution network 2
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Table H1 Impact analysis of wind power/photovoltaic output uncertainty

baRedi=pa Y5l w59 %510
RYGAITI TG 16204.89 17434.50 16213.73
AL AT T T8 14122.23 15156.11 14122.29
Bo B 1 AR 75 208.52 300.24 288.46
B HLR 2 A 73 76 1874.15 1978.21 1822.86
MIFRFEER (MW - h) 0 21.7 0
AR AT R IMW 29.96 28.99 30.01
B3y El (MW - h) 43.77 42.65 43.81

B HL W1, AT RS S, KOGIEWHE D5 RGBT ARG BT T, S, B w1, Bk 2
LU AR 4 B3R FE 1033.88. 91.72, 104.06 G, %5 N EMFERFCHE A B L EHRI . SR, @idxt
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