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Charging station planning for electric vehicle based on charging load forecast by

MCMC method in multi-dimensional state space

ZHANG Meixia, YE Ruiqi,» YANG Xiu, SUN Quanjie
(Electric Power Engineering of Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: The location and capacity planning of electric vehicle charging stations are closely related to the travel char-
acteristics of electric vehicle loads. Therefore, only when the charging load demand is reasonably predicted can an ef-
fective charging station planning result be obtained. To this end, this paper firstly defines the state space of electric
vehicle charging load in multiple dimensions, and the probability matrix of state transfer of charging load can be es-
tablished consequently. Furthermore, a Markov Chain Monte Carlo (MCMC) load forecasting model based on the
multi-dimensional state space of electric vehicles travelling is proposed, the spatial-temporal prediction distribution of
charging load is obtained by combining the real-time sample data. Then, a two-level programming model considering
the economic benefits and user satisfaction of enterprise station construction is established. With the variable weight
particle swarm optimization, the optimal site and scale of charging station can be determined. Finally, the simulation
results can demonstrate the rationality and effectiveness of the model and method.
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Figure 2 The forecasting process of EV charging demand
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bi-level optimization process

3 T PSO Bk AR ISR i

3.1 PSO &%

PSOJ& T AN TR BEH B, & i £ H ¥ Ken-
nedy Fll Eberhart F 1995 45 3& T #E4 BB 42 Hh 19 A1k
PR AR SR L PSO 78 b F R BHE Y L IE L

PE AT A A F Ak ) RBUR 45 3 7 AR S 9 TS )
Z N T R R SR T A IE SR T R R R R
Gl ATPERIAC AR P . AR SCHY R 5 EEAR BT H AR
o B R SR A A ) 75 2 5300k AT LAY 22 b m] e
13K 1 PSO 7842 Jsy =5 18] vh AW 4R 46 & ik i JE X
Xof ) SR A BT e e L B i O AT 8 R R R L A
K H PSO #E475K fift

PSO 1) &5 0 43 76 TR (00 B 09 J57 ki
o BT EA — D EE R E BT — PR
7 1] B B AR BERPRE R BT~ @ AR D k7S (]
BINIEF n Qe x, = (20,20 s s i)
Fon AR R AW AL ACR) BL R ] — A n 4[]
V=001 sz 2" s Vi s 22+ »0ip ) Fe7s - FHFE H TR T
BB R N A 3 R

Ty =X T Vi 22)
Vi =woy T 1 (P —xw) +
oty (Poa — Tia) (23)

K22, 2O vy WRTRHEE; i e ¥
AT, — B c,=c,=2.05r,.r, N0, 1)ZEHIHE
BB pw BAEBRIEE T pw HERBE T
w AR .

w MBI 23 5 0 55 125 1 48 2R AR O L B IR 1
NI B 1Y Jr) B A AR R ) B R TR R B R
PR A 73 R 5 5 R ol 8, 5 B4 JR) e G e A
SR W IR B PSO IS4 5 R L KR
1 5 B A4 J Jee A0 fifk B 30 4R 7 ) B4 AR SR TR
P 3ol il A T 9 AT R

t(u'max 7 wmin)
W=Weax — 24P

£ max
Kb MBEREEL
3.2 REmE

PSO AE g —F SO0 KL 7 1F v 0 4 — Ak
FHRACER — > [a) L 1Y) 7T B A . 3 kL A AR ) 1
BAZH 4545 H 5 0 BER S JokL 07 10 7% 3l 1 7%
SRS . AR SR PSO HEAT R it ff D 75 B 0
14 34 b 25 [ 80, O 560 U 8 2o 57 R 00 1% il e L2
FIL A0 [ 50 1 A A5

T ik DX 35 B HARE 1) K 2 i A

X, =[x:,y:»N,] (25)

K (aooy) B DRI E AR N, N



Ji B

i

84 i

5

VN £ Eitd 2022 4 7 A

54

70 L il e 7S LR A4 5 E B A el R

R S R A 58 0 7 AT e 6 X8 0 A, 0 3 AR
BN o SRR TR AR T L R Y BRI
FRANE 4 s BAAOR g AL RN F .

DR AKOHE . 35 70 B b 7 B AR AR L B BIR G
HE 23 28 2 6 B\ MICMILC R A5 5 % 3 I 45 400 iy 2 B LA
T 70 B, il e /N R e RORASE | Fi S o 48 D W A R 55 24
REMSHL

DRI IR AL . A AR VB L
BEACURELF S8, BEAL ™ A5 30 AR B DR 31530 H 5 R
B R 4 IR IR A

D EATHE . RAEACE GHE S N DL K2R
KA IR AL TR AR RO R IR AR
e P i

WA I MCMC IR 25 5% B A 5
JELRE T RE 7S HL A R

¥
T 0 AT 2% 8 BEHLIE £5 N A4S ]k
S, S 1PE D Bl A0 U 07
v

T H AR R B PSO 1938 1
0 SR AR A T 4 R A A

¥
R4 T i A 24 TR
1 H A 78 R LR

!
S (o A g T
7 H 9 AR

[E)

| B R |

4 REEAX KRR

Figure 4 Flow chart for EV charging station planning
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Figure 7 Distributions of spatial charging demand of EVs
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Figure 8 Results of selected charging station site
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Figure 9 Changes in waiting time for charging users
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Figure 10 Changes in users satisfaction
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