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Planning of charging and battery swapping facilities based on spatio-temporal
distribution of charging and battery swapping demand of electric vehicles

ZHANG Meixia,FU Yulin, YANG Xiu
(College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: With the increase in the number of electric vehicle (EV) in recent years, the demand for charging and battery
swapping facilities of new energy vehicles is also increasing. However, a single-function charging facility cannot meet
the charging and battery swapping needs of different types of vehicles. To address this issue, a hybrid planning method
for charging piles and battery swapping stations is proposed. First, massive ride-hailing order data is mined to extract
travel features and the spatio-temporal distribution of charging and battery swapping demands. Based on the charging
demand, a charging pile planning model is established to determine the scale of charging piles in each functional area,
ensuring convenient charging for EVs. In view of the high cost of staggered operation of battery swapping stations, a
two-layer planning model that integrates ordered charging is constructed, and each target cost is solved using an
improved Grey Wolf optimization (GWO) algorithm. Finally, by taking the second ring traffic network of Chengdu
City and the IEEE 33 node system as examples, the planning of the battery swapping stations under unordered and
ordered charging modes is simulated and analyzed. The results show that the proposed hybrid planning method enables
EV users to charge conveniently and quickly. The ordered charging mode for battery swapping stations is both
economical and conducive to the stable operation of the distribution network.
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Figure 1 Overall research framework
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Figure 2 Topology of road network in central urban area of Chengdu City
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Table 1 Functional zones of road network nodes
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Figure 3 Forecast flowchart of charging and battery

swapping demands of private car
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Figure 4 Two-layer planning flowchart
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Figure 5 Road network and distribution network

node coupling

F2 BWBEEMNEE
Table 2 Electricity price setting for each time period

Bt & 1k B AL /OC kW eh )
et 00:00—08:00 0.363

F 12:00—17:00.,21:00—24:00 0.687

poc S 08:00—12:00,17:00—21:00 0.870

£3 GAKRHK
Table 3 Simulation parameters

211 Hofl X 211 Bl K 24 HUE K
v o R Hpr 2k LR

Vo 5% Ny min 106 a 10 000 7€

q 20 a Ny, 551 Cy 18.447t/h

F 2077 /A& Cung 1H/E | M 04
Cenr 3T/ E Spmin 4B My max 304
Chu 371/& Sha 138 Wy max 15 min
Zy 2576/h | Ly 3 km Cen 4T/ E

u 3006/ | W, 5 min

52 FTHEEMIER

R 48 Fr 488 70 R 7 SR TR 5 3 R R IX FE H A
B e i ik B 348 9, 4F 18:00—20: 00 35 £ W {H 5 T
VB IX 78 L 42 30 B0 B /i R 274, 7E 06: 00—08: 00 1k %]
W AL 5 7 ol DX 2 3 R 551X 7l 2 0 BRI o 0
B 4300 ok 158 147 4, 4n i€l 6 7w , v KL H L EV L
FEHL TSR AE 16:00—18: 00 ik B f . i R X 58 i
o R AE IR BE A B AE , TAF X AE 07:00—08:00 ik
B A, Bl X 58 HL 5 SR AE 10: 00—15: 00 3k 3] i
18, AR IR % X 78 1 75 5K 7E 08: 00—12: 00 35 3 1%
B X5 NRENIT A A — 5.

350 —
3001 -
g AN i R IX
jﬁ 2501 [N ﬁﬁﬂkﬁ;
2000 P N K (8
% Lo N — R IX
e 1500 S
® | f
@00 .
501 ’
0 05:00 10:00 15:00 20:00
i %1

Be6 ZImRXAwERHE
Figure 6 Number of charging demands for each

functional zone

H1 Bl GW O B3k 1] SR A5 45 DX S5 25 19 70 f
B, 7o MR 4 SR AN 1 7 TR (45 D RE X T JE
W5 A D3 1), BRI 78 L SRR, X R 4 A
JT il E M SRR A L W T 8 1,511 4F
He KB K B 205 T/E X 78 B 77 oK o R ROIXAIG, 3
$H65 DO 7 55 ST S 4 FE R B o, g T
32,33, B e 10D Zc A s Rl X 58 L 7 SR A b,
Fo R AR B A A, HE AP 19,20 15 5 IR B X, T
B 11 70 F A R R AR 20 AR X P B Y
FE HL AR BRCRE T A5 T B A T RA , AN 4 TR .

20rn

Tl i

0 5 10 15 20 25 30
i 1 45

7 AEHERX LR
Figure 7 Charging pile planning results
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