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Multi-objective planning of an urban electric vehicle charging station considering multi demand scenarios

ZANG Haixiang, SHU Yuxin, FU Yuting, WEI Zhinong, SUN Guogiang
(College of Energy and Electrical Engineering, Hohai University, Nanjing 211100, China)

Abstract: At present, most studies determine EV charging needs based on user travel paths, but they have not taken
multiple uncertainties into account. Based on user travel data, this paper considers various uncertain factors, simulates EV
charging requirements in three scenarios, and uses a K-means clustering algorithm to obtain charging requirements in
those scenarios. Secondly, based on charging requirements, a multi-objective planning model that comprehensively
considers the interests of both the user side and the non-user side is established. In addition, this paper also proposes an
improved queuing theory that considers multiple scenarios to fix the capacity of charging stations. The proposed planning
model is solved by NSGA-II, and the TOPSIS comprehensive evaluation method is used to determine the planning
scheme. Finally, taking the urban area of Weifang in Shandong Province as the planning area, and the transportation
network coupled with the IEEE 69 node distribution network as an example, the effectiveness and superiority of the
planning model are verified.
This work is supported by the Youth Fund of National Natural Science Foundation of China (No. 51507052).
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Fig. 1 Probability of daily trips per vehicle
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Table 1 Proportion of travel types

AT H-H H-O H-W O-H 0-0
L Bl1% 11.80 25.93 10.08 26.58 11.27

AT R o-w W-H W-O W-W —
LL5il1% 1.53 8.89 2.62 1.30 —
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Table 2 Proportion of area types at the starting point of travel
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Fig. 2 Charging demand influencing factors
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Table 3 Technical specifications of various types of EVs
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Fig. 3 Example of charging demand scatter
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Table A4 TOPSIS comprehensive evaluation of Pareto solution

) Pareto fiREE
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Table A5 Sitting results of Pareto solution

- ~ — — S

O FolJiC FAT I FE O RMERE TOOR s B
1 886.661 484.888 3 0.598 577 K
2 788.458 4 532.332 7 0.584 299 1 13,2543,63  27,26,39,28 2212 4155,67,33
3 788.458 4 516.014 2 0.613 047 2 13,2543,65  27,26,42,25 2212 41,55,67,52
4 886.660 8 494.653 9 0.577 974 3 13,25,43,66 27,26,42,25 22,12 41,55,67,53
5 1 040.637 416.811 2 0.548 97 4 13,2549,63  27,29,36,28 2,212 41,55,68,33
6 1 040.653 408.766 7 0.561 983 5 13,35,43,59 25,39,26,30 2122 41,39,67,32
7 783.853 2 560,396 2 0.544 95 6 13,3543,63  2544,26,25 2122 41,39,67,33
8 783.853 2 544.0776 0.568 294 7 13,36,43,65  44,7,4425 1,412 41,65,67,52
9 760,456 565.633 8 0.551 014 8 13,36,43,66  44,7,4425 1,412 41,65,67,53
10 858.657 9 5118496 0.569 908 9 134349,65 4444725 1,142 41,67,68,52
1 882,054 9 5019865 0.567 619 10 13435563  44408,28 1,142 41,67,69,33

11 13435967 4441278 1,124 41,67,32,34
12 858.658 4 >10.9015 0571 722 12 13,4359,68 4441305 11,24 41,67,32,54
13 1237.451 3722324 0.448 986 e e T o
13 16263959  26,26,42,26 2,212 11,17,23,32
14 1139.243 379662 0-5048 14 16263966 26264523 2212 11,17,23,53
% 1036499 4376933 0.516 248 15 16435967 4441278 1,124 11,67,32,34
16 942.5388 437.85 0.634 957 16 18354366 20452323 2122 13,39,67,53
17 942.481 3 457.8058 0.593763 17 18354368  29,4529,17 2122 13,39,67,54
18 783.990 6 5417108 0.571 854 18 18,36,/4366  44,7,44.25 14,12 13,65,67,53
19 858.795 8 508.091 5 0.57704 19 18435968 4441305 1,124 13,67,32,54
20 8821921 501.758 3 0.567 941 20 1843,59,69  44,41,278 1,124 13,67,32,35
21 861.1779 504.489 0.582 046 21 18,43,62,66  44,38,30,8 1,1,2,4 13,67,49,53
22 1193.741 379.469 5 0.464 913 22 20,39,49,62  44,39,11,26 1,13, 15,23,68,49
23 1139.112 392,931 2 0.486 385 23 354359104 32,.28,30,30 1,22, 39,67,32,12
24 1139.128 384.886 8 0.497 876 24  354363,104 37,28,25,30 1,22, 39,67,33,12
25 1.040.936 405.688 1 0.566 392 25  354366,104 42252330 1,2,.2,2 39,67,53,12
%R A6 Pareto fEMIR 5 R EARRR A
Table A6 Specific costs of planning schemes in Pareto
S 78 LU R AR BT AR TG T Fe B AT YEY AR TG T F& AT X453 A TG 76 F P A TG

1 400.240 1 128.750 2 318.4818 39.188 94 484.888 3

2 400.240 1 128.750 2 220.214 4 39.253 69 532.3327

3 400.240 1 128.750 2 220.214 4 39.253 69 516.014 2

4 400.240 1 128.750 2 318.4818 39.188 65 494.653 9

5 400.240 1 128.750 2 472.334 8 39.312 34 416.811 2

6 400.240 1 128.750 2 472.334 8 39.328 38 408.766 7

7 385.980 8 124.472 4 234.1458 39.254 16 560.396 2

8 385.980 8 124.472 4 234.1458 39.254 16 544.077 6

9 385.980 8 124.472 4 210.748 8 39.254 01 565.633 8

10 385.980 8 124.472 4 309.016 2 39.188 5 511.849 6

11 385.980 8 124.472 4 3324132 39.188 46 501.986 5

12 385.980 8 124.472 4 309.016 2 39.189 510.901 5

13 400.240 1 128.750 2 668.869 6 39.590 68 372.2324

14 400.240 1 128.750 2 570.602 2 39.650 29 379.662

15 385.980 8 124.472 4 486.266 2 39.779 67 437.693 3

16 400.240 1 128.750 2 374.067 4 39.481 07 437.85

17 400.240 1 128.750 2 374.067 4 39.423 56 457.805 8

18 385.980 8 124.472 4 234.1458 39.391 58 541.710 8

19 385.980 8 124.472 4 309.016 2 39.326 36 508.091 5

20 385.980 8 124.472 4 3324132 39.32571 501.758 3

21 385.980 8 124.472 4 309.016 2 41.708 47 504.489

22 396.166 127528 628.693 4 413534 379.469 5

23 400.240 1 128.750 2 570.602 2 39.519 28 392.931 2

24 400.240 1 128.750 2 570.602 2 39.535 32 384.886 8

25 400.240 1 128.750 2 472.334 8 39.610 54 405.688 1
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Fig. A6 Scatter diagram of charging demand in winter
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