Journal of Korean Society of Industrial and Systems Engineering
https://doi.org/10.11627/jksie.2022.45.4.217

Vol. 45, No. 4 : 217-224, December 2022
ISSN : 2005-0461 / EISSN : 2287-7975

Solving the Location Problem of Charging Station with Electric
Vehicle Routing Problem

Gitae

.
Kim

Department of Industrial Management Engineering, Hanbat National University

WIAFd=EA 82 AAIEEAY ol

R
A7
sl 2k

%

o

53

Due to the issue of the sustainability in transportation area, the number of electric vehicles has significantly increased. Most

automakers have decided or planned to manufacture the electric vehicles rather than carbon fueled vehicles. However, there are

still some problems to figure out for the electric vehicles such as long charging time, driving ranges, supply of charging stations.

Since the speed of growing the number of electric vehicles is faster than that of the number of charging stations, there are

lack of supplies of charging stations for electric vehicles and imbalances of the location of the charging stations. Thus, the location

problem of charging stations is one of important issues for the electric vehicles. Studies have conducted to find the optimal

locations for the charging stations. Most studies have formulated the problem with deterministic or hierarchical models. In this

paper, we have investigated the fluctuations of locations and the capacity of charging stations. We proposed a mathematical

model for the location problem of charging stations with the vehicle routing problem. Numerical examples provide the strategy

for the location routing problems of the electric vehicles.
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Solving the Location Problem of Charging Station with Electric Vehicle Routing Problem

3 9 )

al[11]&

o

b
N

ol
_

A= ek A71s} iAo AH-EE A s A7)

BIK

iy

T

ak

s
)

atd

HA A=A gl

S

o}

L
R

A

I ARE

g

1

o] o] o] &% 31 9t} Kizhakkan et al.[5]<

5

w2

ol

ol
rvze)
]

~

o
4

/!

No

S
°:
Q—=2Q
c g0
L. © O o TR
®5 o @)
-W P}’
of
S
%)
2
(@]
, Ok
-8
O
T o &N o
PERED D
B E e B
T o S o&o;.ﬁ
}wfdﬂdla}xﬁ
B T B M S o
T ooy gy P
\WH_HLE.Amgﬁo,iﬂOﬁ
N aﬂuﬂaﬁ%
ThEaeTa
CEEWwe IR
mOE X
oW R E Ty
S o~
iw%%ﬂ%@?
Vo R o gy o)y
mm%ﬂ%ow%m
e L
N
dl,.ﬂﬂﬂmoﬂﬂw,
LrEXaw 5
0 = X
7 X RS
Tolm TR g
B RN TS

—5)

]

dl, old ] AxH]

o 1=
A=

2 293 3

4f0
(D
| [
o) 2
)
QP
ol mr
' T
nl 7
ol
0 ;ﬂ%
i
=R
Pl ol
T o
eﬁ a3
A
W
R mo
oo
) oF
W
:i ey
S
w o
el WL
~ D
< H
Ho
o N

<Figure 1> Charging Station Location Electric Vehicle

B
file)
0

Routing Problem

7]

KX
L

<Figure 1>

|22

K
o
4

|

s

3. MI|xtEe|

i

ol 1 9174

2 =
= R

|

x

49| 9

bol 3

S

A, FoAE g

7] A|(Bin packing problem)E

3

A7} NP-hard sA4]0] 7] wjol] 27 2A &

Aol

S0
ot

Alefo] F71
o]

e
1

ol
g %

pol
3

il

&

B =RoME 2HAE oo 7%

Be 70

A7) 2p el o



220

A4eFe] ARTAE @71k HA ARE e A0
3, FAAY YA = AA Fof AL AT 5 JE
AN A garAA g B 4 9k AR dES
Tt o JAE A AA AU FALAA HT
JAE A8 A E R T2 vES wstd A4
29 3 AE AAs = FARE AZE 2 5k

o] ol AFAZTA tdt Lo A Es)
of FHAAE st Eote = Aol Frbe d7| A
AEEA ] et Y-S AAStL, o] Bl S|
A E 2 o]l uHE FHA AR Y d7)At
o] (AARE A3 ByE AA S 13 THALE
MAshE vgo] Ao wet thE w 2] H At
oy QA Wlst=Ad tisiA e Aw et

= 27 u

& dHEsjof atal o= dats wEA o] 4
th AR AAFA REA G AR R WY R
ot g2 AT AFAZEA e =Y

0: (0: 2eFe] W9 T =2$)X),

FZ2A23% F:ogn 2H4243%
A={(i, ) jEVii=j}: o}ZHT,

M=A{1,.,m}: AFH3
Vi) = (GE Vi) €4): = il A Wk olage]

V(i) ={jeVI(ji)EA}: iZ 50]oE olaEsy

o Mo M
[ o

<v}etm >
la;, b): =5 ol i3t A|ZHA|9KTime window)

i i

;0 =2 iol] tigk AHl 2 AR

d; wE oA == 7R 9] o] F AR
g: =5 9] 7%

g SHeIdAT Sz

h: @A AUA LG

Q Aol HdelluA &

TAx 7k AAHE A

=

w;:
L: -

Gitae Kim

<HF>

s O|FIW, okA(ij)EA Tk A
o 3™ 1, ofy™ 0

s 2pE o] == o] E=FEE AI7F (A 2] A7}

mol o 2747

A 7h A 9K(time window)©o] & A}k 2 A= ol 9}
o] B3}t At

(VRP-TW)  Min2, =2 jeads 27 (1)

4,5 ]

542, e ey =1, VIEN, )

2ot =1, VmEM, 3)

X v i T Zge v Phy =0 “4)
VhEN, VmeEM

Z m 1, VmEM (5)

iev(oyFi0 =
ZienZje i < K, VmEM, (6)
£+ (s, +d, al =t < (1—a )L (7)
v (i,j)EA, meEM
ViEN, mEM (8)

0,1, Vi,jEV, mEM (9)

<" <b

a; i (h)

A
)

91_5
&
o
_>|4_'4

T
i
ofj
>
opy
=
ofo

e u)
e
z 2
>
L
1>
—~ O
>
o ;Lj
-+ o
= 4
fo
N,
rl
e
B
of
9,
1o, rir
:Oé

ATk AR (3) B
foF ¥15= Alekolh. Al o
Aoprow & =ER &5
rbok 5 S 9 nata,
A7h= A% b, Aok
o bl ohA] Bhte] AR 2
otstol frke A efo 4 (6) Aol GAk
S8 7t HFTraxe Z2AIAAN LA TS
23 g-3a)ok ¥ Al okolrh A2k (1) Al7HAl Ktime
window) &2 EZ 3 A|7F o] Fo] AH|AAIZE Eote] 1
el WEL AH|2TL g ThE RER oS S
A% etk A §)2 4 AFFaA vt ddthe
A ZHS vERRE AlZEA] oKtime window)S LFERHITE (9)
& olzlugel 4o)E b,

1

1
ol

ok
flo
>4
o
i
L
N
1o or W

L] [Oll
b
[t

|
LT
ot

oo ol
rlr
=
[m
1o
Hu

o Q@ O o
d

i e

st shpel A3

X
2

S
A
ot
flo
n
il
oy =
of
=

-

—~
wn
—~

LAl

A

>
ko
il

s, A7) 2 o] FALE AN Solo = Aoka
R .

W3, QEEE WSS syl Hi Aokae] b
o] mPE ofeist 2ut



Solving the Location Problem of Charging Station with Electric Vehicle Routing Problem

(EVRP-TW) Min2l, 2 head; o5 (10)
st cajerti =1, VIEN (11)
Syt <1, ViEF (12)
T ot =1 VmEM (13)
2~ e T =0 (14)

VYhEN, meM
S o =1 VmEM (15)
ZieniZjewr; < K, YmEM (16)
'+ (s, +d, Jal, =" < 1—a")L (17
V (4,j) €A, meEM
'+ d w2+ 9(Q—yi") (18)
—t" < (L+gQ)(1—a]")
ViEF, jEN, meEM
0< y;" < y;”*(hdi’j)x;’fij Q(l*a:w-) (19)
Vi, jEN, mEM
0<yl' < Q- (hdj,j)m;f; (20)
Vi,jEN, meEM
a <t <b, ViEN, mEM 1)
2ne{0,1}, VijEV, mEM (22)
t">0,y" =0, ViEV, meEM (23)
A7 A FA 2 A= Aol FdAE BEstal 4
atAA B ES dfok ab= Alofo] FUhE = Eo|th WA
EAET (10)= S780Es AR ghe 428 Ae
A& 2ol B 5 gk [V E ol &she A 7]
ARG FYS Qe AT AlgA ol Fdske
AP Bol 28 HE 5o Atk FHAE BF et
A il HAo| vz dRENE e s g}
Aok (12)5 BE SHL7F AREHA Gole "rhs
A kA o)tk Aok (13)~(17)& Al7HA|oF x}ak7d =57 9}
2} AR (18)2 AFA (17)0] An]2x AlZke] tjst A
oFQ AAY oA FHA el gk Aok S HERH
ok AlCFA (19)9F (20)2 ZF =049 YA AR w
& Aok S vERATE AloFA (21) == AIZHA| oFl
et Akl oo Aok (22)9} (23)2> WS Aot
ot 2

A ee] Fd20 e 9AEAS Ash A%
SN BAE Bed g S Age @ 42 A
B eAY g FRAA G A4eT A2 Fol
e 422 STk s Hria /4T o2
Hu, 4713 U4 2R ek FHEE 0T A
e Bagl Bk webd Q7R od A ZEA
of F140) AMAL A BAT 378 mHE ol

221
s} .
(EVRP-TW-CL) Min%,c )2 eads o (24)
+ 2 e p w2,
5.2,z e i =1, ViEN  (25)
Zeazety <1, ViEF (26)
SE0)ay, =1, YmEM (27)
e v in T 2oty =0 (28)
VhEN, meM

Tt =1, YmEM (29)
e Zjei; < K, YmeM  (30)
0 (s, Jal 8 = (=)L (31)

v (i,j)EA, mEM
Zienjerti; =1, VmeEM (32)
afy < z;, VIiEF, jEN, meEM (33)
oY VIEN, JEF, mEM  (34)
a, <t <b, YiEN, meEM (35)

2l 2,€4{0,1}, Vi, j€V,meEM (36)

i
>0, ViEV, mEM 37)

i
)
o

~
N
rir
R0
ol
1o
ofj
)
offt
)
AC)
to,
ol
2
[
DO
=

=3 ju
ofo Bl
o

B

[

= oo
o of
RO
S
o =
2 oo
2
2 g
12y
=
« (o
=
1> oft 12 rlr 19 e of e

do
il
)

1>,
off — oo b orlr 4

2y
)
)
oft

()E Oﬁ.

=~ i
M
2,

o, 2

= A
xS
i
e

[\S)
Nl
NS
rlo

2
A
of
2
B
oy
o

=R

2] (33)3 (34

~

B rlo
g~

2
2
>
Nt
ols

I H
2
2
o

o

ok
2= O
[¢ 1[‘
i M
[Lafrs
ol b
fo 2 & o
dz
N
o,
N
N
ot
o
N

3, ol
O
il
X

o
Sl
EL
=)
ooy on 2

e

S
ok
S

2 fo

Ao e

j(_), -
™
9
T

Ol o

<y
rle
O =)
AN

4y o1y
N
XN
off
ot

M fo e

T~

o
=
ofo
o
B
B
N
k1
e
QL
fl

L VRN

i o do rx

oft
o
o

L

2 F 7 ZAr Al A7) S
Aol disl 7hast dAE F
28 EVRP-TW-CLol thal &7l
Solomon benchmark #A| i
AAES F7tet dHiolHE ©

oo
of
ol
2
.,
e
o
N,
Og‘:,"
b



222 Gitae Kim

Distribution Network (C101_21)
120

100 @ Parcel Locker (Available)

o Customer sites

80 ° ° ®

60

y - axis

® Depot

é° °

20

X - axis

<Figure 2> Distribution Network with Charging Stations
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