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Figure 3 Flow chart of charging station demand model
BB AEWA ; F, A PR TR
(1) B AE AR 4E A, 0 Ll (47 ik
18 AE A A 95 4R B AR AR I8 4E A T S
XN
ro(1 + ro)y‘

P o IR A
/21 (I+r)" -1

J(Ny) =€+ Ny (17)
A m s B N, R FEHLEE N FE AR
it v A P IHAR g 50 AL ol d s il

M
+ 2 Cyj;(l6)
j=1

AT LU Y AR A, Hirp
C,=C. > AT,
iel .

e P ORS ) E DRI DR SR DAL N6 3 €80 S
PEPERNEE j el s iy S TR S

ARSCHET M/M/e HEBNE T ok 5 42 EHERA
SEREIT ] o ABRIA G 30 3K 70 HL 3 0 2o AR IR AT A 43
A 1 LA AR /INS T 7 R S 2 A7 IR 45 B4 FE R A A N
SR M PP SR W R

(20)

(Nyp) ™
ohiP P
W, =Py (21)
N, (1 =-p)A
Ny~ . N o _
P =[Z W)t (V/w) } L (22)
S e R 3 Ny! (1=-p)] ~
A
P =0 (23)
or

U p W AHUREIR 55 9 e AN T HLEE 1 b R
SEMFEHL IR S5 (R A, FES A T B S
W55 0 BV JH P HEBA I ) A ¢, 0 R

Ci=Coi X Woo
AU W, Ok 2T AL 67 E A L A,
Sy FEHLSE A & B 20 A R R R
FH PRI AR S AN 96 HL 3 75 2 1 B i L e 5
*C, N

(24)

C.,=C,Y Cap,. (25)
iel] .

Ko ¢ W FEH A Cap, F5 M S TSR
S5 j A 92 3 T A 20 0 B



86

MK 2l (0 2 R

2023 4

4.2 ZTHHBBERE

PIFEH I I RGP (R E MRS A
G Z A e/l B AR, #E ST 70 L A G
A AY

min F(N,,) =CN,,; + €L (26)
(Nyp) "™ A
aP) P
LS = hj—2p0 + — (27)
Nchj! (1 - P) M

Aoy € g B i ) P A T8 LAY 9 4l BRAS 5 L,
K B IS TR S I BAG s po < 12X (27) T Y
U S
4.3 AREH
(1) FEHL AL & 293
N < Ny < Njo (28)
A N N 7331 30 R Sk P 58 LA S5 /DN 1 S
R A A
(2) HE BN A5 7 5 E) 2 5
W, < W, (29)
Aorfre W, R HEBR A B ] A B R A
(3) FEHL UG T o B 2B, Ol T Rk P AR
FEHL AT B A B 3k K N T L 3 A A ok T AR R A
B2 AFEH G Z B R RS L, ., BN KT 5 R
5B ARm 2 5,
R.<L, <2R. (30)
X RO TSI IR S L, R s R
M+ 1 Z R SEBREE RS
4.4 KEERIE
TESR AR R B 5 AR A iR S B M
A1) M A 1 FEL sl il ik 4 A O 2 AR 20 (30) 2R
(1840 36 3 ik 40 6, R 58 R I 3 T T ot A HL i R
SRS 2 AL, A5 F) 4 1 3k Bk 4 A 1Y) S H Sl R
TR AG B Hk T HEN IS 7 ik, SR AR T Rk
PLEC(26) 1B /N0 H A5t 78 B sl b 47 25 e e B, o
PR 2 3 (28) R (29) WY 29 R 451 e ), iR B8
K (15) ~ (25) 545 70 i o A 0 3 ik 41 5 4F 1k B
ZEUE AR F SR A5 A% A 75 e il s ik 21 G B 2R R Y
ALK

5 HHIoH

5.1 SHIEE

DL 4 I 735 BE 300 DR 43 32 38 %y 3l X 88,
IZ DXk A A3 Sy B X R A XA Tl X, A 29 A
TH B M 49 SRIE K, A TR SR SCER [ 7] . AR
SO EZ X R AT 8 000 i HL B A% 4,2 000
FL 3l R R 40 9T R A R Bl R 2R R T A A

60 kWh , FAZ 4= HL W 40 0 75 £ 24 kWh, #J4G HI A7 A
FL it A7 F R S AR DA TE 2 43 A0 (0.°6,0. 17) , 7o HL 3 78
HL IR 60 kW, SR LR 0.9, 56 HL o it ik 5E 45
BERIAH S HO B R 1 s,

B4 RYIXEBAIETFETEE
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Table 2 Comprehensive annualized economic cost of charging stations
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Table 3 Optimal site combination planning results
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5,13,16, 34,31,16,

1 328.491  272.314
17,21,22 33,22,28
5,13,17, 22,36,25,

2 347.070  259.737
20,24,26 34,23,31
6,7,13, 36,22,27,

3 356.872  253.949
16,18,26 16,38,39
6,13,16, 39,22,16,

4 341.041  262.113
18,21,22 38,17,28
7,9,13, 22,35,27,

5 338.343  285.507
17,22,25 36,17,26
7,10, 14, 19,27,33,

6 334.520  263.610
18,23,29 36,22,21
7,13,16, 31,30, 16,

7 346.436  283.022
18,24,26 35,27,30
7,9,13, 34,31,24,

8 327.593  323.162
16,21,22 19,19,26
8,13,16, 39,37,16,

9 352.927  302.233
20,21,28 39,18,26
9,13,16, 34,27,16,

10 342.488  308.296
20,21,28 39,20,30
10,14,16, 36,33, 16,

11 353.339  249.910
17,20,26 28,31,28
13,16,17, 28,17,29,

351.747  274.039
20,24,26 35,31,34
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Electric Vehicle Charging Station Planning Considering Users’ Dynamic Charging Demand

ZHU Yongsheng', YANG Zhentao', DING Tongkui®, XU Qiying', WU Fuzhuan', NIE Caijing'

(1. School of Electronic and Information Engineering, Zhongyuan University of Technology, Zhengzhou 450007, China; 2. Stated Grid
Zhengzhou Power Company, Zhengzhou 450052, China)

Abstract; In order to improve the rationality of the planning and layout of electric vehicle (EV) charging stations
and avoid the situation of high investment and low efficiency, a planning method of EV charging station that consid-
ered users’ dynamic charging demand was proposed. Firstly, the starting and ending points of user were obtained by
using the travel theory, start and end point (origin-destination,OD) matrix method; a dynamic traffic road network
model with time-varying traffic congestion was constructed. The Dijkstra algorithm was improved to plan the EV
travel path, considering the real-time changes of ambient temperature and vehicle speed. Based on the influence of
mileage and power consumption, a charging station selection model considering the dynamic charging needs of users
was established; then, the M/M/c queuing theory method was used to configure the capacity of charging stations.
The cost of construction, operation and maintenance of charging stations and the economic losses of EV users (in-
cluding the sum of time loss and power loss) was minimized as the objective function, and a charging station plan-
ning model was established. Finally, taking the actual road conditions in the main urban area of a city as the plan-
ning area, the model was solved by iterative arrangement optimization combined with particle swarm algorithm. The
results showed that the locations of the six planned charging stations in the area were evenly distributed, which
could reduce the cost of users’ charging journeys. And the optimal configuration number of charging piles could en-
sure charging satisfaction while minimizing the total economic cost of charging stations. The proposed planning
method was reasonable and effective.

Keywords: electric vehicles; traffic network; Dijkstra algorithm; dynamic charging needs; capacity configuration;

charging station



