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Abstract

In this study, we aim to find the key factors affecting the location of electric vehicle charging stations.
We first developed a Non-deterministic Polynomial (NP) model that aims to minimize the total travel
distance of cars. Second, we applied an agent-based simulation algorithm to determine the optimized
location for charging stations. Finally, we conducted multi-simulation and statistical analysis of
passenger priority, car mileage, electric vehicle distribution and passenger distribution using a one-way
analysis of variance (ANOVA). The results of this study show that priority is not a factor affecting the
location of electric vehicle (EV) charging stations and that mileage, the EV distribution and the
passenger distribution are factors affecting the location of EV charging stations, with exogenous
variables such as the type of circuit and the voltage drawn as constants. The proposed model can help
provide a reference for the location of charging stations in urban areas.

(Received, processed and accepted by the Chinese Representative Office.)
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1. INTRODUCTION

The electric vehicle (EV) industry has developed very quickly worldwide over the previous five
years, and the advantages of the EV are becoming increasingly more prominent, given that it
can provide lower pollutant emissions and a less expensive price for energy consumptions
[1, 2]. However, there are a number of factors that hinder the development of the EV industry,
including mileage (battery), the charging time, and charging convenience as well as the
purchasing price of EVs, the performance of the vehicle, and battery recycling, among others
[3-6].

Various studies have been conducted to solve the problems above. In this study, we focus
on the charging station problem. As is well known, the charging time depends not only on the
type of battery but also mostly on the power of charging facilities and the battery’s charging
efficiency [7]. For strong EV adoption, a battery swapping scheme should lead to a higher level
of service [5]. In China, the majority of charging stations must be publicly owned at the first
stage of EV adoption, particularly for a public EV (PUEV; in this study, PUEVSs refer to taxis).
The location of EV charging stations is becoming a hot topic. In the future, measures must be
taken to determine where EVs will be charged [8]. Inadequate charging infrastructure and a
lack of national guidance and local targeted construction planning all restrict EV development.

A number of studies have been conducted to examine the location problem of charging
stations. One aim of the model is to improve the accessibility of charging, locating charging
facilities near the urban activity centres of EV owners to maximize overall accessibility [5].
There are set covering or P-median facility location models [9]; the maximize flow is captured
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subject to budget constraints: the flow capturing facility location model (FCLM) [10, 11]; there
are models that minimize costs while enforcing a recharging logic to ensure that all flows are
served [12, 13]; hybrid models consider both point and O-D demands [14, 15].

The factors related to the location of charging stations are very complex due to their
peculiarities, such as the type of circuit, the voltage drawn, the load added to the circuit, and the
charging time [16] as well as the numbers of EVs [17]. Existing studies have defined these
characteristics in similar ways. In Axsen and Kurani’s work [18], surveys and driving diaries
are used to collect consumer information regarding consumers’ willingness to buy PHEVs and
what types of PHEVs they will buy. We should minimize costs while enforcing a recharging
logic to ensure that all flows are served [19]. The modelling framework is applied to determine
an optimal allocation of a given number of public charging stations, considering the destination
and route choices, among other things [20]. What about factors related to the passenger priority,
car mileage, EV distribution and passenger distribution? It is difficult for the proposed
algorithms to cover most factors, which may be decisive or redundant for solving the problem;
if the factors are not reasonable or redundant, they can damage the reliability of the model
results.

In this study, we attempt to find the key factors affecting the location of EV charging
stations. Although the model may not be entirely realistic, it provides a good idea of what
impacts EV charging station locations in a basic circuit. We organize this study as follows: first,
we present the model, which provides the foundation of the research problem. Then, we present
the simulation algorithm with AnyLogic. In section 4, we present the simulation results through
which we verify the model. Finally, we conclude this study.

2. THE MODEL

It has been assumed that EV adoption will occur slowly and that utilities will have enough time
to adjust the current networks [5]. We assume that all EVs can directly obtain fast charging and
that they do not need to wait to charge. All EVs move in a linear route.

Considering gic and 4, the minimum moving distance of EVs is:

Min (Z Z Dio + Z Z DepXiji, if gie = 1)

c=1i= j=1lc=
MlnA(EZDlC +ZZLU)XL]k' lfglC = (2)
c=1i= j=1i=

where: 1 is the coefficient of the route, Xijx is passenger j served by vehicle i at sequence K, gic is

vehicle i charging at station m, s is the number of charging stations, n is the number of vehicles,

m is the demand quantity, Djc is the distance between car i and charging station ¢, D is the

distance between passenger j and charging station c, and L;; is the distance between car i and
passenger j.

0 A(Dgj+Li;) LD,  j=0,1,..,m

Jie = {1 A(Dy) < LD < A(Dgj+Lij),  j=0,1,..,m

where: LD is the remaining mileage.

If LD is more than the sum of the distance between the demand point and the EV and the
distance between the demand point and charging station, then the car will go to the demand
point. If LD is less than the sum of the distance between the demand point and the EV and the
distance between the demand point and the charging station, while LD is also more than the
distance between the EV and the charging station's coordinates, then the car will go for fast
charging.

(3)

542



Tang, Gong, Liu, Lu: Finding Key Factors Affecting the Locations of Electric Vehicle ...

Subject to:

m
injk =1, i=01,..,n (4)

Jj=0

M:

I
o

i

NgE

Xijk < 1, ] = 0, 1, e, m (5)
j=0

Max (i zn: Lij) <TD (6)
Max(i Z D;.) (7)

c=1i=
Eq. (4) indicates that the passenger demand is a35|gned to the specific car at one time. Only
one passenger can be served by the car at a time (5); if the maximum distance between the
demand point and any EV's coordinates is less than the mileage of the EV (6), then we should
make full use of power (7). Considering people's preferences and service priority P; for moving,
the multi- objective programming problem is:

Mmmzzpw+zznc,)xukp m—@(ZZDw) Koeh T ge=1 (8)

c=1i= j= lc c=11i
Min Aa(ZZch+zzLu)XUkP, if gic = )
c=1i= j=1i=

a is the weight, which reflects people's preference for the moving direction. « is given the
values of 0.15, 0.35, 0.55, 0.75, and 0.95. In the model, it refers to three different agents (EVs,
charging stations and passengers); because the relations among agents are very complex, any
change in the parameter will affect the reusability of the model. The agent-based algorithm is
introduced in the next section.

3. THE ALGORITHM DESIGN

Once a model is developed, it becomes necessary to determine what tools will be used to
complete the simulation and to gather results. The simulation simulator is the AnyLogic 6
University version; the simulation program can be compiled in Java Applets and supports
working on a web page. The AnyLogic simulator is developed to build the charging station
agent, the electric vehicle Agent and the destination agent.

The setting of the variables is presented in Table I. Passenger agents will randomly generate
new demand and place it into the queue. EV agents will check the queue. When an EV receives
a new demand, it will decide to move to either the demand point or a charging station (Fig. 1).
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Figure 1: State diagram of agents.
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Table I: The agent settings.

Item Setting Memo

Main @) environment Simulation environment
e Charging station
= Passenger
o EV
(# minX The minimum of the horizontal coordinate
@ maxX The maximum of the horizontal coordinate
@ minY The minimum of the vertical coordinate
(& max¥ The maximum of the vertical coordinate
) minDistance The minimum of the distance function
3 distance Distance function
 findCar Searching car function
3 findClient Searching passenger function
{9 requestQueue Queuing
§ evert Event

EV Agent () crigin Origin of the car

() nextNode Different coordinates of the car

V] destination

The coordinates of the passenger

@x The horizontal coordinate of the car
Ay The vertical coordinate of the car
Q active State of the car
Q) trip Moving times of the car
(@ travelDist The remaining mileage
i Car ID
) direct Distance function
Passenger Agent | () priority Passenger priority
() clientld Passenger ID

() requestingTime

The requested service time

() servicingTime

The actual service time

Jx

The horizontal coordinate of the passenger

Oy

The vertical coordinate of the passenger

The output of the model includes: the requested service time (RST), the actual service time
(AST), the moving distance (RD), the service sequence Xij, and the access frequency of the
charging station (AF). The access frequency of the charging station is calculated when changing
or considering a specific factor. Now, a one-way ANOVA is developed to find the key factors
affecting the location of EV charging stations.

It is assumed that there are s levels (A1, A, ..., As) of access frequency (AF) according to a
specific factor; n; independent experiments are conducted in different levels A; (j=1,2, ...,s), of
which the variance o of samples Xyj, Xyj, ..., Xnj, is the same. Xyj, Xyj, ..., Xnj ~ N(zg, o)
(1=1,2,...,s), and the samples are independent of each other.

Xij~N(uj, 0), Xij — uj~N(0,0%), X;; — u; = &;; thus, Xj; can be changed to:
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Xij=nj t+&;
Sij"‘N(O,O'Z) (10)
i=1,2, oM, = 1,2,..,s

where: g; are independent from each other. Thus, we should check whether 4 (j=1, 2, ...,s) are
equal to each other:

Hopy = pp = =+ s

11
Hytpg # pp # - s (11)
Based on the hypothesis above, Eg. (10) is changed to:
El’j"'N(O,O'Z)
< = 1,2, n],] = 1,2, e S (12)

S

zanj =0
j=1

where: u _—2] 1M M, 6 = p;—u,j =1,2..,s. Additionally, the hypothesis is changed to
(only when py = pp = - pg, ;= 1,8, =0,j=1,2,...,5)
Hy:8, =8, =6,=0
Hi:6; #6, 6, #0

(13)
We set:
St = Ejor Ti (X — X)) + (&, = D)2
= B 5L - X))’ +Z LEIE =X 2 n) (X X)X, -%)  (14)
= Bjs Sy — X)) + ey SR - X

where:
s Ny nj
- REA L
“n Y ijr 2y n ij
j=1i=1 i=1

Additionally, we set: St = Sg + Sa, where:

SE—ES:Z Xij — -J)Z'SAzzs:z:[()Tj_X)z

j=1i= j=1i=1
We can obtain:

Sg = 22y [(Xin = XD% + -+ ZTLS [(Xis — X6)? (15)
5 ) ey — 1), g2 ) (16)
Sa= X5 N (X, - %) = jzlnjx.,z — nX? (17)
Thus, the degree of freedom of S, is:
s =15y [ (X, = X)] = 7. Xij—nX =0) (18)
E(S)) =(s—1)o? +Z] 11 6 (29)
Thus, E(Sa/s—1) = o when 6; =, = ... = 5, = 0; otherwise,
E(Sy/s—1) =02 +— 1n]5 > g2 (20)
E(Se/n—s) = o%, when 6, =8,=... = ;= 0.
%
%=%~F(s—l,n—s) (21)
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F = Sa/s—1

Sg/n-s

critical region is F = Sg/ms
Sa/s—1

IfF = Sg/nos = F,(s—1,n-s),then o1 #0.# ... #0s#0, w1 # o # ... # us; thus, the specific

factor plays an important role in the location of EV charging stations.
If F = 34571 o F.(s—1,n-s),thend1=0,=...=s=0, tn= o = ... = s; thus, the specific

Sg/n—s
factor cannot affect the location of EV charging stations.

becomes larger when d; (j=1, 2, ..., s) are not equal to each other. Thus, the

24l > k., where the value of k can be obtained by F(s—1, n—s).

4. CASE STUDY: CITY OF BEUJING

There are 13 charging stations, e.g., Datun station, Huixinxigiao station, and Beitucheng station,
among others, which are often used in the central area of Beijing (Fig. 2). The blue line is a
practical road, and the red spot is a charging station.
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Figure 2: The location of charging stations in Beijing.

Given the location of charging stations in Beijing, the aim of this study is to optimize the
existing locations. The initial parameters settings are presented in Table I1.

Table II: The initial parameter settings.

Parameter Memo Distribution (value)
S Charging station agent 13
m Passenger agent 100
n EV agent 10
X The horizontal coordinate of the agent U(-410, 240)
y The vertical coordinate of the agent U(120, 770)
D Vehicle range 600
A Coefficient of the route 1.4
P; Service priority Random()

This study uses the AnyLogic simulator to analyse the access frequency of charging stations
to find the factors affecting the location of charging stations. This simulator randomly generates
information on 100 passengers (coordinates, priority), information on 10 EVs (coordinates, state
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is idle), and information on 10 charging stations, as shown in Fig. 1. The results for 100
iterations are shown in Table I11.

Table I1I: Parts of the simulation results.

occ(x) | occy) [cPx) [ cPy)[csID] LD [ PID | PP | CID | RD
218 439 | -234 | 188 0 600 | 37 | 091 | 10 | 517
223 224 | 221 | 286 0 600 | 36 | 082 | 10 62
221 286 15 | 263 0 537 | 16 | 0.76 | 10 | 237
110 500 190 | 614 0 600 8 072 | 10 | 139
2120 310 | 241 | 209 0 600 | 19 | 059 | 10 | 157
-130 560 37 | 677 0 600 | 30 | 043 | 10 | 150
-37 677 46 | 512 0 449 | 72 | 028 | 10 | 165
60 350 15 | 258 0 600 | 44 | 026 | 10 | 118
15 258 53 | 473 0 481 | 49 | 023 | 10 | 218
60 350 120 | 207 0 600 | 91 | 049 | 10 | 155

Note: OCC: the original coordinates of the car, CP: the coordinates of the passenger, CSID: charging station ID,
LD: remaining mileage, PID: passenger ID, PP: passenger priority, CID: car ID, RD: moving distance.

When priority is considered, the access frequency of charging stations is shown in Table IV.

Table I'V: Simulation results — priority is considered.

—0.15 CS5 Experiment Total
@~V 'RAF (%) | 11| 4 | 55 6 | 14 | 405
CS5 Experiment Total

a=0.35
RAF (%) | 12 | 10 | 3 | 4 |125] 415
CS5 Experiment Total

a=0.55
RAF (%) | 10 | 6 |125|75| 7.5 | 435
CS5 Experiment Total

a=0.75
RAF (%) | 5 [125| o [11] 10 | 475
CS5 Experiment Total

a=0.95
RAF (%) | 120 | 105 | 12 | 10| 7.5 | 50

CS: charging station, AF: access frequency, RAF: ratio of access frequency (the same below).

When priority is not considered, the access frequency of charging stations is shown in Table

V.
Table V: Simulation results — priority is not considered.

015 CS5 Experiment Total
P IRAF@%) | 9 | 3 | 7 [105] 8 | 375
CS5 Experiment Total

a=0.35
RAF(%)| 4 | 5 [ 6 | 8 |115] 345
CS5 Experiment Total

a=0.55
RAF (%)| 3 | 11 [10 | 6 [35] 335
CSb5 Experiment Total

a=0.75
RAF (%) | 65| 10 | 5 | 7.5 | 155 445
CS5 Experiment Total

a=0.95
RAF (%) | 15 | 55 | 6 | 3 | 10 | 395
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It can be observed that s =10, n =50, SA = 50.925, Sg =497.700, s—1=9, n—s =40,
Sy = ( —5 658, Sp = o —12 442, F = :0.455, F,(s—1,n-s)=1.79,and F<F,(s—1,

n-s); thus, priority is not a factor affecting the location of EV charging stations.
In the simulation model above, the mileage TD is 600; we check whether mileage will affect
the location of EV charging stations. We can obtain that s = 5 n=25 Sp= 324 960,

Se=183.300,s-1=4,n-5s=20,5, = ( —81240 Sg = —9165 F— = 8.864,

Fo(s—1,n-s)=225and F>F,(s—1, n-5s). Thus mileage |safactor affecting the Iocatlon of
EV charging stations (Table VI).

Table VI: Mileage and access frequency ratio.

_ CS5 Experiment Total
7D =400 FeaF () 4|5 |6 ] 2 | 36
Experiment Total

D = 500 CS5 Xperimen ota
RAF (%) [25] 1 |25 ] 3.2

D = 600 CS5 Experiment Total
RAF (%) | 125| 10 [ 75| 7 | 105 95

D = 700 CS5 Experiment Total
RAF (%) | 14 | 9 | 5 [ 6 | 15 | 938

CS5 Experiment Total

TD = 800 perimen ota
RAF (%) | 15 | 9 | 8 | 8 | 14 | 108

In the simulation model above, the coordinates of the EV Agent have a uniform distribution;
we check whether the distribution can affect the location of EV charging stations. In this model,
uniform distribution, triangular distribution, normal distribution, exponential distribution and
PERT distribution are considered We can obtain that s =5, n =25, Sy =44.240, Sg =62.700,

s-1=4,n-5=20,5, =7 )—1106OSE 555)23.135,F=“;:A=3.528,Fa(s—l,n—s):
- - E

2.25,and F>F,(s—1, n—s); thus, the distribution of EVs is a factor affecting the location of EV
charging stations (Table V1I).

Table VII: Distribution and access frequency (car).

Uniform distribution €5 Experiment Total
RAF (%) | 7 | 8 |55[75| 8| 36
. o CS5 Experiment Total
Triangular distribution P
RAF (%) | 9 |11]12] 9 | 8 | 49
CS5 Experiment Total
Normal distribution Xperimen ot
RAF(%) | 2 [ 7] 6] 8|6 20
e CS5 Experiment Total
Exponential distribution
P RAF (%) | 6 [10]95] 9 | 8 | 425
CS5 Experiment Total
PERT distribution P
RAF (%) | 6 |10] 7 [10] 6 | 39

In the simulation model above, the coordinates of the passenger agent have a uniform
distribution; we check whether the distribution can affect the location of EV charging stations. In
this model, uniform distribution, triangular distribution, normal distribution, exponential
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distribution and PERT distribution are considered. Similarly we can obtain that s 5, n=25,
Sa=1,328.860, Se = 76.600, s—1=4,n—-s=20,5, = —332215 Sg = —3830

(s—
F = _—86 740,F,(s—1,n-s)=2.25,and F>F,(s—1,n-5); thus the passengerdlstrlbutlon is

a factor affecting the location of EV charging stations (Table VIII).

Table VIII. Distribution and access frequency (passenger).

Uniform distribution €5 Experiment Total
RAF(%)| 7 | 7 [75]85] 8 | 38
CS5 Experiment Total

Triangular distribution P
RAF (%) | 135 | 12 [125| 15 | 145 | 67.5
Experiment Total

Normal distribution cs5 P
RAF (%) | 20 | 23 | 21 | 20 | 27 | 120
e CS5 Experiment Total

Exponential distribution

P RAF(%)| 3 | 1 [25]| 2] 2 | 105
CS5 Experiment Total

PERT distribution P
RAF (%) | 11 | 11 [ 10 | 8 [105] 505

It can be concluded that priority is not a factor affecting the location of EV charging stations
and that mileage, the EV distribution and the passenger distribution are factors affecting the
location of EV charging stations. Private charging piles can provide a slow charge for EV due to
the peaks and valleys of electricity; such charging piles are located based on the actual demand;
in contrast, for public charging stations, due to their characteristics and operations, such as
mileage, the EV distribution and the passenger distribution, among others, the reasonable
location of charging stations plays an important role, affecting the operation of EVs. The
proposed model can help provide a reference for the location of charging stations in urban
areas.

5. OPTIMIZING THE LOCATION OF CHARGING STATIONS

In the following section, we optimize the layout for only one situation: The mileage is 600,
priority is not considered, and the EVs and the passengers have the same distribution. We set
the parameters as shown in Table IX.

Table IX: Parameter settings.

Parameter Memo Distribution (value)
VE The horizontal coordinate of the agent U(minX, maxX)
Passengers 5 - -
Oy The vertical coordinate of the agent U(minY, maxy)
EVs ) x The horizontal coordinate of the agent U(minX, maxX)
Oy The vertical coordinate of the agent U(minY, maxy)
Mileage | @travelDist | Mileage 600

The muIti-objective programming problem is changed to:

Mm,m(ZZDw+ZZDU)XU,c A(l—a)(ZZ w) ijko ifgic=1 (22)

c=1i= j=1lc= c=1i=1
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S n m n
Min la(z Z D + Z Z L)Xy, if 9,=0 (23)
=

c=1i=1
Subject to:
Y91 ® XNz ®  Lis (24)
min(s) (25)
Optimization will end when there is no significant difference in the charging frequencies
(24) while maintaining the minimum number of charging stations (25).
When « = 0.15, the total distance of the moving car is 42,005.47, whereas the shortest

distance is 23,993.5. Theoretically, the detour distance is 18,011.97, and the detour ratio is
42.9 %. The statistical results are shown in Table X.

Table X: Results when o =0.15.

CS 1(2|3|4|5|6/|7/|8|9|10]11|12|13| Total
AF 2113 |5|8|5|6|4|6|14]2 67| 69

RA(%) |3 |1 |4 |7 12| 7|9 |6 |9|20 3|9 ]|10]| 100
CS: charging station, AF: access frequency, RA: ratio (the same below).

When « = 0.35, the total distance of the moving car is 38,000.96, whereas the shortest
distance is 22,584.73. Theoretically, eth detour distance is 15,416.23, and the detour ratio is
40.6 %. The statistical results are shown in Table XI.

Table XI: Results when o = 0.35.

CS 1]2[3]4a]s5]6[7]8[910][11]12]13] Total
AF 112275568 |15]6|2]11] 71
RA(%) | 1 |13 |3 o907 78112183 ]15] 100

When o = 0.55, the total distance of the moving car is 36,369.82, whereas the shortest
distance is 22,823.29. Theoretically, the detour distance is 13,546.53, and the detour ratio is
37.2 %. The statistical results are shown in Table XII.

Table XII: Results when a =0.55.

CS 1[2[3]a]s5[6]7]8]9f10]11]12]13] Total
AF 0|5 4337568144 2]5] 66
RA(%) | 0 |8 |6 |5 |45/11|8 |9 |12(21]6 |3 |8 | 100

When « = 0.75, the total distance of the moving car is 38,331.24, whereas the shortest
distance is 22,187.44. Theoretically, the detour distance is 16,143.8, and the detour ratio is
42.1 %. The statistical results are shown in Table XIII.

Table XIII: Results when a =0.75.

CS 1(2|3|4]5|6|7|8]9][10[11|12]13] Total
AF 2101 |7|5|5]4]3|8|16]2)]6]|11] 70
RA(%) |3|0|1|10|7 |7 |6 |4[11/23]3]|9 16| 100

When « = 0.95, the total distance of the moving car is 40,085.88, whereas the shortest
distance is 22,809.36. Theoretically, the detour distance is 17,276.52, and the detour ratio is
43.1 %. The statistical results are shown in Table XIV.
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Table XIV: Results when a =0.95.

CS 112 |3|4|5|6|7|8]9]10|11]12|13]| Total
AF 1112 |8|6|5[4]3|7]|14]3]13|5 72
RA(%)|1|1|3|11|8|7|6|4|10(19]|4 18| 7 | 100

It can be concluded that regardless of the value, the access frequency of charging stations 4,
5,6,9, 10, 12, and 13 is relatively high; in particular, the access frequency of charging station
10 can reach 20 %. In contrast, charging stations 1, 2, 3, 7, 8, and 11 have a low access
frequency; in particular, the access frequency of charging stations 1, 2 and 3 is less than 5 %.
Thus, there are few charging stations in some areas, and charging pressure arises; although the
layout density of charging stations in some areas is high, the charging stations are in an idle
state all of the time. Therefore, the existing layout of charging stations in Beijing is
unreasonable. There is small need to charge in the areas of charging stations 4, 5, 6, 9, 10, 12,
and 13, whereas there is a large need to charge in the areas of charging stations 1, 2, 3, 7, 8, and
11. The optimization methods used in this study include: adding options at the edge point and
diluting the access frequency, among others; the aim of optimizing is to ensure that there are no
large differences in the access frequency of all charging stations.

(1) Adding options at the edge point

According to the layout of Lianfanggiao station, Yuanjialou station, Feng beibridge station
and Majialou station, this study selects point A (-400, 420), point B (-400, 730) and point C
(-130, 730) to calculate the centre of gravity, which is the added charging station. A genetic
algorithm and Monte Carlo simulations can obtain the coordinates (-265, 575) of a new
charging station (ID 14). The access frequency of charging station 5, 10, 12, 13, and 14 is
relatively high (more than 10 %), whereas the access frequency of charging stations 1, 2, 3, 4, 8,
9, and 11 is relatively low (less than 5%). Thus, we still need to optimize the layout of the
charging stations.

(2) Diluting the access frequency

According to the layout of Majialou station (-130, 560), Hujialougiao station (60, 350) and
Hongyangiao station (110, 350), the study selects point A (-130, 560), point B (60, 350) and
point C (110, 350) to calculate the centre of gravity, which is the added charging station. A
genetic algorithm and Monte Carlo simulations can obtain the coordinates (-27,462) of a new
charging station (ID 15). The access frequency of charging station 5, 14 and 15 is relatively
high (more than 10 %), whereas the access frequency of charging stations 1, 2 and 9 is relatively
low (less than 5 %). Thus, we still need to optimize the layout of the charging stations.

(3) Obtaining the three vertices of the largest triangle

According to the high access frequency of the charging station layout (Xizhimengiao
station, Fengbeigiao station and the station with ID 15), Heron's formula is developed to obtain
the three vertices of the largest triangle and to calculate the center of gravity. Monte Carlo
simulations give the coordinates (-144, 429) of a new charging station (ID 16). The access
frequency of charging stations 13 and 15 is relatively high (more than 10 %), whereas the access
frequency of charging stations 1, 2, 3, 7 and 11 is relatively low (less than 5 %). Thus, we still
need to optimize the layout of the charging stations.

(4) Calculating the shortest distance with reference points

In this study, we choose Majialou station (-130, 560), Hongyangiao station (110, 500), point
D (-130, 730) and point E (110, 730) as the reference points to find a new point, the shortest
distance to each reference point. Thus, the coordinates (-28, 632) of a new charging station (ID
17) are obtained. The access frequency of charging stations 13 and 15 is still relatively high
(more than 10 %), whereas the access frequency of the other charging stations is maintained at
3% to 6 %. The charging station layout is improved to some extent, but we still need to optimize
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the layout of the charging stations. Similarly, we choose Hongyangiao station (110, 500), the
station with ID 17 (-28, 632), point F (-28, 730), point G (230, 730) and point H (230, 500) as the
reference points. Thus, the coordinates (94, 605) of a new charging station (ID 18) are obtained.
The access frequency of charging station 15 is still relatively high (more than 10 %), whereas
the access frequency of the other charging stations is maintained at 3% to 7 %. The charging
station layout is much improved, but we still need to optimize the layout of the charging
stations.

(5) Deleting unreasonable points

According to the analysis above, we found that the access frequency of Huixinxigiao station
is very low. Thus, we attempt to find the optimized layout when the charging of Huixinxigiao
station is removed.

Finally, the access frequency of the charging stations will remain at a ratio of 4% to 7 %.
Therefore, compared to the other optimizations, the access frequency of the charging stations is
more even, and the charging station layout tends to be more reasonable. The optimized layout
of EV charging stations is shown in Fig. 3.

lou
Oidu id18

@ means the original charging stations, O means the added charging stations

Figure 3: The optimizing layout of charging stations.

Eventually, we can obtain the coordinates of all charging stations: Datun station (-10, 182),
Beitucheng station (-47, 228), Wanquanhe station (-223, 224), Xizhimen station (-120, 310),
Hangtiangiao station (-200, 360), Yuejialou station (-240, 430), Lianfanggiao station
(-340, 420), Fengbeigiao station (-250, 490), Majialou station (-130, 560), Siyuanxigiao station
(70, 240), Hujialou station (60, 350), Hongyangiao station (110, 500), the station with ID 14
(-265, 575), the station with ID 15 (-27, 462),the station with ID 16 (-144, 429), the station with
ID 17 (-28, 632),and the station with ID 18 (94, 605).

S. CONCLUSION

EVs are very promising for a low carbon economy because they use electricity and produce
zero pollutants. However, EV development also faces some problems. Among the problems,
charging station location is one of the keys. It is found that the location of a charging station
typically incorporates the type of circuit, the voltage drawn, the load on the circuit, and the
amount of charging time, all of which have been well studied. We take into consideration other
factors including the passenger priority, mileage, EV distribution and passenger distribution in
this study and propose an optimization model. Through simulation and an ANOVA approach,
we test the impacts of these specific factors on the location of EV charging stations. We find

552



Tang, Gong, Liu, Lu: Finding Key Factors Affecting the Locations of Electric Vehicle ...

that priority is not a factor affecting the location of EV charging stations and that mileage, the
EV distribution and the passenger distribution influence the location of EV charging stations.
However, this study has certain limitations and deficiencies. We will consider more factors
related to the location of charging stations, such as the traffic flow, practical routine, and user
characteristics.
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