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5 41 21 215 37 439
6 56 2 21 38 449 o o 3w 0
7 78 23 229 39 460 .
8 84 24 237 40 492
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10 105 26 279 42 523 Fig.2  Probability OD matrix
11 115 27 287 43 538
12 132 28 302 44 551 T4 HFESH
13 137 29 317 45 563 Tab.4  Parameters for simulation
s s | m om | Ak e T I —
B o153 4 ]
16 162 32 351 S0C, R(0.80 ~0.90) S0C. R(0.15~0.30)
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Fig.3  Power network

RT REBESTR

Tab.7 Charging stations and buses

FHHH T TGS || RIS PAH T
1 1 9 17
2 2 10 16
3 3 11 15
4 7 12 14
5 4 13 12
6 5 14 13
7 6 15 9
8 18 16 8
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Tab.8 Parameters of lines

28 * (pu) 2" (pu) (Pr'/Kk)/ ¥
0-1 0. 081 0.061 127
12 0.115 0. 080 92
23 0. 127 0.083 92
24 0. 122 0. 083 88
4-5 0.119 0.078 91
4-6 0.131 0. 084 84
27 0. 120 0. 080 90
1-8 0. 066 0.042 166
89 0.123 0.077 90
0-10 0. 135 0.081 83
10-11 0. 107 0.073 100
10-12 0. 127 0. 083 86
12-13 0.119 0.078 91
12-14 0.122 0. 083 88
12-15 0. 106 0.075 99
10-16 0.114 0.079 90
16-17 0. 120 0. 080 91
17-18 0. 120 0. 080 91

R -5 S RV, = 1.0dpu, B p =
¥ 3000, BT SANHAD T SUFA U p =
0.02pu, ¢*° =0.0lpu, Vie N, F7451.2.4.10.12
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Tab.9 Lines expansion

4 50% 100% 150% | £ 50% 100% 150%
0-1 0 0 0 0-10 0 0 0
12 0 0 0 10-11 0 0 0
23 0 0 1 10-12 0 0 1
24 0 0 0 12-13 0 0 1
4-5 0 1 2 12-14 0 0 0
4-6 0 1 2 12-15 0 0 1
2-7 0 0 1 10-16 0 0 2
18 0 1 2 16-17 1 3 6
F10 ZBEREHEM
Tab. 10 Generator expansion
TE 50% 100% 150% || T9& 50% 100% 150%
1 0 019 1.27| 10 0 0 0
2 0 0 070 12 0 0 0
4 0 0 110 16 0 0 0
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Tab. 11  Lines expansion and generator expansion

P (%) BB BB R B (%)
100 9 19
75 10 18
50 13 14
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Tab. 12 Planning results under different scenarios
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Coordinated planning of charging stations and power grid
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Abstract; Electric vehicles are experiencing a rapidly growing market share due to their prominent advantages in
fossil energy conservation and environment protection. Therefore, planning the charging facilities and power grid a-
long highways has become an important issue. This paper proposes a two-stage method for coordinated planning on-
road electric vehicle charging stations and their energy supply grid. Given the traffic demand data, the first stage
determines the location and capacity of public charging stations through a clustering algorithm ; the second stage op-
timizes the expansion strategy of the power distribution system, including the number of generators and branches
that should be invested in, with the electrical power demand passed from the first stage. The nonlinear alternating
power flow model is employed, which provides accurate operating status of the power grid. Based on the emerging
convex relaxation method, the network expansion problem can be converted to a mixed integer second-order cone
program ( MISOCP) via integer algebra technique, which is compatible with off-the-shelf solvers. Finally, the pro-
posed method is validated on a test system.

Key words: electric charging station; planning; electric power system; power flow



