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Fig.1 Framework of spatial-temporal forecasting model

of EV charging load based on multi-source information
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fusion and its influence on distribution network
CHEN Lidan"?,ZHANG Yao®, Antonio Figueiredo®
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Abstract : The charging load of EVs( Electric Vehicles) has spatial and temporal uncertainty and randomness. A
spatial -temporal distribution forecasting model for EV charging load is proposed , which considers the EV users’ travel
behavior and their charging demands and fuses multi-source information such as road network , transportation , power
grid , weather , vehicles , charging facilities and so on. The information models of urban road network and power grid
and their coupling relationship are established by using the graph theory, the first trip time and the dwell time at des-
tination of EVs are fitted by probability functions with the trip chains,the distance of each trip is obtained by app-
lying the Dijkstra algorithm to plan the travel routes of EVs,the travel speed of EVs are obtained based on the road
grade and the traffic information of each time period,then the traveling time and the state of charge are calculated.
According to the judging condition of charging demand for each destination,the charging time and charging load are
calculated. The spatial and temporal charging load distributions of EVs in each functional area are simulated by
Monte Carlo method. The charging load is reduced to the corresponding power grid node according to the coupling
relationship,and the influences of disordered charging of EVs in the power grid on the power grid load, voltage and
power loss are evaluated by the time series power flow calculation. The case study verifies the effectiveness of the
proposed model. By setting different scenarios,the EV charging load curves of different functional areas and grid
nodes are forecasted ,and the influences of different factors on the charging load distribution and the power grid are
analyzed.

Key words:electric vehicles ;multi-source information ; charging load forecasting ; road network and power grid ; spa-

tial-temporal model ; distribution network ; Monte Carol method ; Dijkstra algorithm
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Fig.A1 Topology structure of road network
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Fig.A2 Spatial and temporal travel trajectory of EVs in several days
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Table A1 Coordinates of node in road network

km
TE PR T S T AL R PhALDR TE TR T AL R PhALDR TE TR T AL R PhALDR
1 4.18 21.90 25 9.61 11.25 49 4.5 25
2 8.98 21.00 26 10.54 10.05 50 9 25
3 13.64 21.90 27 13.49 13.05 51 12 25
4 18.60 23.25 28 15.5 11.4 52 18.6 25
5 21.39 22.95 29 17.83 11.4 53 21.39 25
6 1.39 19.80 30 20.77 11.4 54 25 25
7 5.43 21.00 31 13.95 9.75 55 0 19.8
8 11.16 19.80 32 6.2 6 56 0 16.65
9 15.65 19.50 33 9.77 7.8 57 0 13.5
10 18.60 19.50 34 124 7.8 58 0 10.1
11 21.39 19.50 35 17.52 7.5 59 0 7.4
12 4.70 16.65 36 20.15 7.5 60 0 6.5
13 6.36 18.15 37 6.05 4.35 61 0 33
14 9.77 17.55 38 6.05 33 62 0 0
15 12.56 16.8 39 9.15 4.5 63 5 0
16 14.26 18.75 40 14.42 6.75 64 10 0
17 6.82 14.5 41 13.33 4.5 65 15 0
18 9.3 153 42 15.66 5.13 66 20 0
19 12.4 15.32 43 19.53 5.25 67 25 0
20 16.12 15.32 44 21.7 3.75 68 25 5
21 18.14 15.32 45 17.21 3.15 69 25 10
22 20.93 15.3 46 14.88 2.85 70 25 15
23 4.34 11.55 47 12.09 2.7 71 25 20
24 6.36 9.3 48 0 25 72 25 22.95
xR A2 BRIEBRRTERL
Table A2 Condition of road network
T & P &
BB EWAR R BB ETA O RWA BB EWAR ORI BB ETA O RWA
1 1 7 1 32 14 15 2 63 29 35 2 94 46 47 1
2 1 6 2 33 14 18 2 64 30 36 2 95 46 65 1
3 1 49 2 34 15 16 1 65 30 69 2 96 47 64 1
4 2 7 2 35 15 19 2 66 31 34 1 97 48 49 1
5 2 8 2 36 16 20 1 67 31 35 1 98 48 55 1
6 2 50 1 37 17 18 2 68 32 37 2 99 49 50 2
7 3 8 1 38 17 23 2 69 32 60 2 100 50 51 2
8 3 9 2 39 17 25 2 70 33 34 1 101 51 52 1
9 3 4 2 40 17 57 1 71 33 39 1 102 52 53 1
10 3 51 1 41 18 19 2 72 34 40 1 103 53 54 1
11 4 10 2 42 18 25 2 73 35 36 1 104 54 72 2
12 4 5 2 43 19 27 1 74 35 42 1 105 55 56 2
13 4 52 2 44 20 21 2 75 36 43 1 106 56 57 1
14 5 11 1 45 20 27 2 76 36 68 2 107 57 58 1
15 5 53 2 46 21 22 1 77 37 38 2 108 58 59 1
16 5 72 2 47 21 29 1 78 37 39 2 109 59 60 1
17 6 12 2 48 22 30 1 79 38 61 1 110 60 61 1
18 6 55 2 49 22 70 1 80 38 63 2 111 61 62 2
19 7 13 2 50 23 24 2 81 39 41 1 112 62 63 2
20 8 14 2 51 23 58 1 82 39 64 2 113 63 64 2
21 8 16 1 52 24 25 2 83 40 41 1 114 64 65 2
22 9 10 1 53 24 33 2 84 40 42 2 115 65 66 2
23 9 16 1 54 24 32 1 85 41 42 2 116 66 67 1
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Table A3 Function classification of blocks, nodes of roads and number of EVs in residential block

WBT S MRS XROER A MBS | TS HSRR G XIRE S il
1 0 1 M 26 5600 29 H7
2 1600 2 H2 27 4800 22 HI18
3 0 3 Wi 28 0 24 W10
4 3400 4 H1 29 2400 26 H13
5 0 5 w2 30 0 28 wi4
6 0 5 w3 31 0 31 wi2
7 1600 7 H3 32 0 29 E9
8 0 8 El 33 0 30 w15
9 0 9 E5 34 3200 32 HI10
10 0 10 E4 35 4000 33 HI2
11 0 11 w4 36 0 34 E8
12 0 11 w5 37 0 35 W13
13 1600 12 H4 38 0 42 E10
14 0 14 E2 39 0 43 w17
15 4000 15 H5 40 0 37 E13
16 0 16 w6 41 3200 39 H15
17 0 21 w8 42 3200 39 H14
18 0 22 w7 43 0 40 El12
19 0 17 E6 44 0 41 w16
20 0 20 E7 45 0 43 w18
21 3200 17 HO 46 6400 38 HI11
22 0 25 w9 47 0 47 Ell
23 0 18 E3 48 3400 46 H16
24 0 19 Wil 49 7000 44 H17
25 6000 27 HS 50 3000 19 H6

® A4 BERREETRIFRER. TEBRMNAEE
Table A4 Speed of EV in different levels of road with different road condition

km/h
B 2
S
BHSE —omE BE ROIR Wil ik
1 0~10 10~30 30~50 50~70 70~80

2 0~10 10~20 20~35 35~50 50~60
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Table A5 Power supply zone of each bus in power grid and typical load curve types

Rl {4t L 1 e Xf B Dy Rt e (HHAT B ) EV &4 B il £ A Y
1 — — — —
2 3, 4 HI, WI 3400 Tk
3 2, 7, 13 H2, H3, H4 4800 e
4 8, 14 El, E2 — e
5 5, 6, 11, 12 W2, W3, W4, W5 — Tk
6 _ _ _ _
7 9, 10, 16 E4, E5, W6 — LA
8 17, 18 W7, W8 — Tk
9 _ _ _ _
10 25, 26 H7, H8 11600 e
11 — — — —
12 19, 21, 22 E6, H9, W9 3200 ZiE
13 — — — —
14 28, 34 W10, HI10 3200 LA
15 40, 46 E13, HI1 6400 LG
16 50 H5, H6 7000 £
17 20, 24 E7, WIl — LR
18 29, 35 H12, H13 6400 e
19 36 E8 — [ER14
20 30 W14 — Tk
21 31, 32, 37, 38 W12, W13, E9, E10 — e
22 — — — —
23 41, 42 H14, H15 6400 e
24 43, 44, 47, 48 Ell, EI2, W16, HI16 3400 ey
25 — — — —
26 49 H17 7000 e
27 — — — —
28 — — — —
29 27 HI8 4800 £
30 33, 39, 45 W15, W17, WI8 — Tl
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Fig.A6 Coefficient of each load curve type
= A6 BERFEHEXAESH
Table A5 Simulation parameters related to EVs
" FEEXABIFRAW  HMEFEGRBIIRAW  REME HIBER/(KW-h)
JE3X leaf 3.5 7 0.9 24
T e6 10 33 0.9 57
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