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Joint planning of electric vehicle fast charging stations and distribution network based on a
traffic-electricity equilibrium coupling model

ZHANG Meixia', ZHANG Qiangian', YANG Xiu', YU Wenchang?, CAO Junbo®
(1. College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. China Huadian Corporation Ltd. Shanghai Branch, Shanghai 200126, China)

Abstract: There is a problem in that most existing electric vehicle (EV) charging station planning ignores the upper limit
of distribution network capacity. Also, considering the single coupling relationship between transportation, fast charging
and distribution network, leads to large amount of EV access and uneven distribution network partition. Thus a joint
planning model of EV fast charging stations and distribution network based on a traffic-electricity equilibrium coupling
model is proposed. First, data mining and travel feature fusion are carried out based on massive online hailing order data.
Then, an equilibrium partition coupling model is proposed, and on this basis, a two-layer joint programming model of EV
fast charging station and distribution network is established. This is analyzed by a combination of genetic algorithm and
mixed integer linear programming. Finally, based on the main road network in Chengdu, with a 54-node distribution
network as an example to carry out the simulation analysis, the results show that the presented double joint planning
model has a certain feasibility, and the coupling model can optimize the distribution network partition results, to a certain
extent, and improve the security and stability of the distribution network.
This work is supported by the National Natural Science Foundation of China (No. 52207121).
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Fig. 1 Overall research framework
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Fig. 2 Actual road network of Chengdu downtown area and

corresponding road network node diagram
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Table 1 Functional zones of road network nodes
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Fig. 3 A prediction framework for temporal and spatial

distribution of EV charging demand
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1 14 2 2
2 17 10 37
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Table 5 Final planning result
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Fig. 10 EV fast charging station and distribution network

expansion planning results
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Table 6 Comparison of distribution zone results
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Table 7 Comparison of transformer load ratio
%

A S, S, S, S,

Yist— 30.31 53.97 21.17 14.9
775 31.44 31.28 28.71 23.26
W= 47.18 612 70.8 54.55
500 54.31 58.14 59.5 60.9
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Fig. 11 Node voltage comparison
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Fig. A1 EV travel statistics chart
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Fig. A2 Probability diagram of vehicle transfer in

functional areas at typical time
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Fig. A3 Travel start time distribution diagram
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Table A1 Latitude and longitude of road network nodes

20:00 24:00

A % 0 S i3 HhiE
1 104.041 131  30.676279 | 19  104.060 872  30.647 559
2 104.040 444  30.66646 | 20  104.066 279  30.647 337
3 104.040 873  30.651915| 21  104.074777  30.646 082
4 104.052 117  30.634488 | 22 104.080 871  30.644 014
5 104.066 537 30.633 528 | 23  104.087 737  30.653 613
6 104.076 064  30.633 749 | 24  104.092 029  30.661 366
7 104.089 883  30.640248 | 25 104.089282  30.669 266
8 104.095977 30.649 626 | 26  104.078 467  30.675 614
9 104.100 526  30.657 231 | 27  104.073918  30.669 709
10 104.094 947 30.676 574 | 28  104.060 357  30.675 688
11 104.083 102  30.682406 | 29  104.060 529  30.666 829
12 104.066 108  30.685653 | 30  104.060 786  30.658 265
13 104.052 375 30.684 103 | 31 104.066 108  30.652 506
14 104.057 525 30.677312 | 32  104.071 086  30.658 413
15 104.048 169  30.67244 | 33  104.081214  30.656 493
16 104.045 766  30.663 433 | 34  104.085 763 30.663 95
17 104.056 151 30.660 259 | 35 104.071 30.670 89
18 104.052375 30.653097 | 36  104.070 571  30.666 977
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A4 TEH/MKRE BARRIhEES XRFER BT 2%
Fig. A4 Charging load distribution in different functional zones

during working days and weekend
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Table A2 Parameters related to charging station planning
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Table A3 Parameters related to network expansion planning

TG 2% S S, S Sy
WIUHZ E/MVA 16.7 16.7 — —
A A E/MVA 16.7 13.3 — —
T2 E/MVA — — 222 222

T A T T 10 8 20 20

R A4 RB-BAMET SRESIER RN KR

Table A4 Node coupling index and corresponding relation

of traffic-power network

M L LN ) oE BTG
A kR P )1 R A 1= N - M i B ED

1 0.058 840 21 -0.066 42 21
2 0.109 425 30 -0.021 69 21
3 0.076 459 13 -0.026 42 29
4 0.092 424 12 0.034 325 12
5 0.068 108 11 0.007 037 11
6 0.105 024 14 0.007 698 14
7 0.034 479 46 -0.047 68 46
8 0.073 600 40 -0.000 1 41
9 0.065 914 41 -0.017 25 41
10 0.057 150 26 -0.014 12 26
11 0.067 339 7 -0.041 63 2
12 0.007 426 9 -0.045 65 9
13 0.083 176 18 0.026 648 17
14 0.043 231 22 -0.029 36 22
15 0.024 754 21 -0.021 81 21
16 0.049 755 30 -0.053 58 30
17 0.031 312 10 -0.053 14 37
18 0.031 312 43 -0.069 48 43
19 0.018 021 44 -0.063 96 44
20 0.040 976 44 -0.068 02 44
21 0.068 288 15 -0.039 87 44
22 0.049 509 16 -0.027 56 14
23 0.055 352 40 0.002 343 41
24 0.020 413 34 -0.021 4 34
25 0.061 886 27 -0.016 15 8
26 0.038 746 24 -0.036 12 2
27 0.025 844 32 -0.093 38 32
28 0.059 873 22 -0.0543 5 23
29 0.070 016 31 -0.017 37 10
30 0.059 616 37 -0.038 29 37
31 0.064 977 44 -0.050 02 44
32 0.044 832 38 -0.03513 23
33 0.046 509 39 -0.083 47 39
34 0 33 -0.082 52 33
35 0.058 001 32 -0.075 65 32
36 0.044 558 32 -0.092 11 39
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Fig. AS Fast charging station of scenario 3 and 4 and comparison

of distribution network planning result
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