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An electric vehicle charging station planning method considering traffic congestion
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Abstract: The planning of electric vehicle charging stations needs to consider not only the cost of connecting to the power
grid but also the convenience of electric vehicle users, as well as the impact of traffic congestion on user travel. Based on
the spatial and temporal distribution characteristics of electric vehicles, an electric vehicle spatial-temporal distribution
model is established. The impact of traffic congestion on the travel characteristics of electric vehicle users and the selection
of charging stations is fully considered, and the electric vehicle entry capacity is calculated at different times. A
mixed-integer second-order cone programming model is established to minimize the total investment cost, total operating
cost, and total user travel cost, taking into account the impact of traffic congestion on electric vehicle charging station
planning. The effectiveness and feasibility of the proposed method for planning electric vehicle charging stations
considering traffic congestion are verified through hypothetical planning areas.
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Figure 1 Topology structure of road network
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Table 2 Permanent population of road network nodes
R INEE TN B 17 5
500 1.2.5.6.7.8.9.46.48

4.10,11.12.14.20.22.24 .27 .30.31.
1 000
35.39.41.43 .45 .47

3.13.15.16.17.18.19.21.23.25,
2 000
26.28.29.32., 33.34.36.37.38.40.42 .44
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Table 3 Distribution network node coordinates and loads
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Table 4 Time-of-use tariff for customers

i B AL/ (E/ (KW +h))
iy 00:00—08:00 0.337 7
08:00—14:00
T 17:00—19:00 0.664 8
22:00—24:00
- 14:00—17:00
e e 1.090 0

19:00—22:00

SEFRAE BT, i Sk TR R Y BRI R 3R A
7oL U RN RETEAT B B A, BB AR AR E
b7 HEAT B BT A, A OB Y S P 3 A 3 Sk ik 4
TSR . MR 2 A BT, AT LA 8 o o 46 15
SR R I U 5 T A A PR O I, T A AR
A S R R SRR S SRR T
PEL HE S E N3k 6 i o

K5 Awk& LA

Table 5 Parameters of alternative sites for charging station

. X/ Y/ fag/ g X/ v/ g/
km  km MW km  km MW
1 45 55 0.00 19 25 1.5 1.60
2 45 6.5 0.90 20 25 05 2.20
3 3.5 6.5 1.15 21 1.5 25 1.50
4 55 6.5 1.05 22 1.5 1.5 0.60
5 55 55 1.10 23 25 35 1.50
6 6.5 5.5 1.20 24 1.5 35 0.40
7 55 45 0.75 25 6.5 2.5 0.00
8 6.5 4.5 1.35 26 6.5 3.5 0.85
9 45 4.5 0.85 27 55 35 0.95
10 45 3.5 1.15 28 7.5 35 0.75
11 3.5 4.5 0.65 29 7.5 25 1.35
12 2.5 4.5 1.40 30 85 35 0.65
13 3.5 55 0.70 31 55 25 2.10
14 25 55 1.25 32 55 1.5 2.20
15 25 25 0.00 33 6.5 1.5 1.05
16 3.5 25 2.40 34 7.5 1.5 0.85
17 3.5 1.5 1.15 35 6.5 0.5 0.55
18 3.5 05 1.35

PEBEA/ - A/
ik X/ v/ %%;%/\ (FiTE/(MV «A)) i{}j(i?}ﬁf (MV +A)
LA G WERET ven) g

eyt ARt

1 5 6 5 100 10 10 0 10
2 2 5 12 100 10 10 0 10
3 4 4 9 100 10 10 0 10
4 7 4 26 100 10 10 0 10
5 1 2 39 100 10 10 0 10
6 8 2 34 100 10 10 0 10
7 4 1 17 100 10 10 0 10
K6 FEBHIELRIL THRERRH
Table 6 Optional line parameters for capacity
expansion and new lines
i AR/ 7y/ x5/ w/
Al A (Q/km) (Q/km) (J176/km)
1 194 0.45 0.358 25
2 372 0.17 0.365 35

DAAR SC i g S AR AR R R X H Bl 7RG T L
TEHE 8 A B AT K, B R A 2 O 0.01, 7E CPU
i Intel Core 157500, W47 Ky 8G [ HHEEHL | 475K
it SR e iE ) 24 R 149 s, SR M E 7R,
F TR, 2 T e Y RO S 6 B R O R
(0 S A e /N, R 5 028.78 TT T . K 45 Sk R AE
B Sl bk 2~ 7 18 9% U T R, 5 A T HL O 1 IR
25 W% 8 TR, Fo R il 4 AT H I 7 AN A 4
Fi7s o
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Table 7 Total cost of each planning option 7 7L
ffﬁf Can Cone Cu Coper B
3 601.55 1125.57  3107.67  477.49 5312.28
4 726.49 978.92  3008.31  424.61 5138.33
5 845.87 966.43  2882.24  354.09 5048.59
6 979.23 933.39  2804.25 311.90 5028.78
7 1103.01 852.39  2777.60  298.67 5031.67

T8 BZAabb&dkbunrETRE

Table 8 Alternative site capacity configuration for

each charging station MV - A
kvl ABCAE WA | fituhhh @A RE W
1 0.000 — 5 1.829 39
2 1.975 36 6 1.974 40
3 2.306 37 7 1.234 41
4 1.810 38
8 F

o {EG B

O s
A A

Y/km

X/km
B4 AusbEALEAYLR
Figure 4 Charging station access location planning results
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F1 LA/, N 1 663.78 T3 G, HLRI 25 5 o 5 15 45 ik
shidik 1.3.5.6 45 ¢ Al e Fu i, &> 78 H ol i iR
AR L0 Fr7R . BEEE, sV 4 P AT A
4011.79 J3 70 , % B4 1 i HoAth 7 42 7 A 0 AT K
A4 939.34 TT TG, A % EH F HAT A BI04 R
SR 6 614.89 J1 JT , KT A S #E ST 1 75 i AE
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FO REE P A AR LR

Table 9 Planning results without considering

user costs Ji ot
S
REER o G Cae B
B H '
4 728.07 935.69 4011.79 939.34 6 614.89

R0 FEERPRANACEE LR T FTRE

Table 10 Capacity allocation of alternative sites for charging

stations without considering user costs MV « A
ikt AR P | Abuhhh ABRAERE P
1 2.703 36 5 2.579 38
2 0.000 — 6 2.633 39
3 3.044 37 7 0.000 —
4 0.000 —

N F 3 43 B AR B I 4 A L KR N ) 3 % AC
A5 B 2 8 W S VR4 P TE I R T AL Y
e LA R 2 R AR H bn sE B o A9 4T Bl Ae . LB
T 0 L o O — b A 36 R 55 it , £ 3447 I R KA
T F, 3 A5 T A U I, AN AR 2 T L R A
P 3l ) 5 B A, 3 s 2 I L e Hk X TR B R A
P e AT R 7 R B AT A o AS SCRT $i Y Y A6
T2 [T 33k SE PR 3R B4 5 R SO Y 20, SRR AR
ORI 7 58, 7T AR R I LR 52 AT iS55

4 4EIE

AR SCHE T i 00 45 A A2 T B AR R R I 2
B R B A IR AT R B — T R S 3 Y
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