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Layout planning of electric vehicle charging stations in urban areas
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Abstract: The large-scale promotion of electric vehicles must be based on scientific planning of charging facilities. A
layout planning method for electric vehicle charging stations in urban areas is proposed. First, taking the number of
chargers in a charging station, the distance between the charging station and fast charging demand point, and the distance
between charging stations as constraints, a siting and sizing model with the goal of minimizing the social annual cost of
the charging stations is established. This is based on the prediction of electric vehicle fast charging demand distribution in
urban areas. This model considers the interests of charging station, electric vehicle users and the power grid. Then, the
model is analyzed by a Voronoi diagram combined with an improved particle swarm optimization algorithm. The service
area of the charging station is divided by the Voronoi diagram, and the optimal solution is found by improved particle
swarm optimization algorithm. In this way, the optimal siting and sizing plan of charging stations in the planning area is
obtained. Finally, an urban area is taken as an example to verify the effectiveness of the proposed method.
This work is supported by the National Natural Science Foundation of China (No. 52177110).
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Fig. 1 Flow chart of integrated solution of Voronoi diagram and

improved particle swarm optimization algorithm
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Table 1 Power load in each area
hfglx L) A kW g L Sidi kW
1 2480 18 4290
2 2480 19 3840
3 8680 20 3680
4 11 400 21 2560
5 890 22 7000
6 2340 23 14 800
7 4160 24 8960
8 560 25 3160
9 1670 26 7000
10 5010 27 5000
11 2670 28 2280
12 8280 29 10 360
13 7400 30 10 000
14 1430 31 760
15 7500 32 6000
16 4840 33 7040
17 3400 34 5600
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Table 2 The number of EVs needing fast charging in each area

ThfigIX PR7E BV B/l DhfigX RIE EV B/
1 6 18 11
2 6 19 10
3 22 20 9
4 29 21 6
5 2 22 18
6 6 23 38
7 11 24 23
8 1 25 8
9 4 26 18
10 13 27 13
11 7 28 6
12 21 29 26
13 19 30 25
14 4 31 2
15 19 32 15
16 12 33 18
17 9 34 14
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Table 3 Annual social cost of each plan

FEHLU g FRUIET  EPEDE  RRBRESE
/R A RTE  RAGTE RAG AT
5 461.43 453 2.70 5.73
6 439.14 430.76 2.60 5.78
7 447.52 439.47 2.27 5.78
8 581.48 573.41 2.15 5.92
9 666.45 658.51 2.22 5.72

& 3 FEERuhuAHE R H AR S5 X (B F R E %)
Fig. 3 Location of charging station and its service area

(improved particle swarm optimization algorithm)



-

IR IX BV 2R 7 L AT R LRI A - 185 -

* 4 FRRIERMMAKIER

Table 4 Optimal planning result of charging stations

*=5 MESRI

Table 5 Comparison of simulation results

&2V FEE A i I 453
L T il i o
;. e 7t EV BAT ke FEE
wmy  HEE , L
B4R AT AT ARG
1 19 97 97.98 0.45 1.22
2 14 70 66.07 0.41 0.92
3 16 79 77.77 0.58 1.02
4 14 71 66.07 0.38 0.92
5 11 57 51.13 0.32 0.73
6 15 77 71.74 0.46 0.97
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Fig. 4 Location of charging station and its service area

(particle swarm optimization algorithm)
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