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Fig.1 Probability distribution of arrival time and
departure time of EVs
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Fig.2 Probability distribution of EV parking duration
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Table 1 Fitting parameters

a; b; ¢ d, fi g
1.7510 8.0040 0.3077 1.8160 17.860 0.4535
0.9956 17.310 3.6250 0 21.570 0.0111
3.5360 8.1640 1.2890 1.1870 12.070 0.4577
1.4050 10.920 29860 -9639 15.970 4.3840
1.4880 14.220 0.5199 9640.0 15.970 4.3840
0.5853 15.460 0.7524 1.6990 17.090 1.7490
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Fig.3 Schematic diagram of 32-bit address
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Fig.4 Transition among five states of charging process
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Fig.5 Three-phase load imbalance of
distribution network
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Fig.6 Flowcharts of algorithm
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Table 2 Parameters of distribution network

X 3}, RIS 2 BYEE 2

T QB /Q AR/ (KV-A) HEE/Q /0
0  1.0300 4.5000 1000 0 0
1 1.0300 4.5000 1000 0.085239 0.049896
2 1.0300 4.5000 1000 0.062238  0.036432
3015621 7.1429 630 0.055473  0.032472
4 15621 7.1429 630 0.055473  0.032472
5 0.7680 3.6000 1250 0.056826 0.033264
6 04275 22500 2000 0.0236775 0.01386
7 07680 3.6000 1250 0.062238  0.036432
8 07680 3.6000 1250 0 0
9  1.0300 4.5000 1000 0.085239  0.049896
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Fig.8 Time-space characteristics of load
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Fig.9 Time-space characteristics of charging power
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Fig.12 Load imbalance degrees of Block 3 and 8
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Strategy based on virtual power plant for load balancing between

EVs and distribution network
SU Su,MA Tao,WANG Wei,HU Yong,LIU Ziqi, WEI Xiangxiang
(National Active Distribution Network Technology Research Center,
Beijing Jiaotong University, Beijing 100044, China)

Abstract: A model based on virtual power plant is proposed to control the charging process in real time,
which not only considers the travel behaviors of EV (Electric Vehicle) owners but also relieves the load
imbalance of distribution network to realize the interaction between EVs and distribution network. A two-
layer algorithm is proposed to solve the model. Its outer layer adopts the static routing algorithm to
obtain the load data and the back/forward sweep method to calculate the nodal voltage and power loss
of distribution network;its inner layer adopts the aging algorithm to judge the accessing phase of EV and
the round-robin scheduling algorithm to balance the three-phase loads of distribution network. The power
loss and the load imbalance degree of distribution network can be reduced by adjusting the charging
time of EVs. Simulative results show that,the proposed strategy can not only avoid the charging peak
and lower the three-phase load imbalance degree of distribution network but also reduce its power loss
and ensure its safe and economical operation.

Key words: virtual power plant; electric vehicles; orderly charging; real-time charging control; load imba-

lance; distribution network; interaction; round-robin scheduling algorithm



