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Abstract

Electric vehicle charging stations are essential infrastructure in developing electric vehicles. In order to construct
reasonable amount of electric vehicle charging stations with proper locations, a mathematical multi-level layout
planning model, which aims at minimizing the initial construction investment and the users’ charging cost
simultaneously, is employed in this paper. An improved genetic algorithm that takes an order based crossover
operator, random mutation operator and meta-heuristic vehicles’ allocation strategy is proposed to solve the planning
problem. In order to evaluate the performance of the proposed algorithm, a case study is taken for verification and
validation. Empirical results show that our proposed algorithm outperforms current result of the other algorithms,
which demonstrates the effectiveness of the proposed algorithm on solving multi-level electric vehicles’ charging
station layout planning problems.
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1. Introduction

Nowadays, a number of cities and areas begin construct electric vehicle (EV) charging stations in
China to welcome the coming boom of EV industrialization. But the planning methods for the charging
infrastructure layout has not well developed, which led to low efficiency and more financial investment.
With the push on development of EV by the national government, charging stations construction become
more and more important to support the dramatically increasing demands.

During the past decades, many efforts have been taken to improve the layout of EV charging station.
Wang established a multi-objective planning model, which was based on the consideration of the
characteristics of charging stations and/or charging users, charging demand distribution, power grid as
well as the municipal planning [1]. Hatton studied the EV charging stations planning problem with
consideration on current situation, ongoing developments, and future trends in the design and
development of charging systems for battery electric vehicles, and specific requirements within the design
of infrastructure systems for EV's were also taken into consideration [2]; Biao established the EV charging
infrastructure construction evaluation model with the help of analytic hierarchy process for the functional
domain and service window simultaneously [3]; Morrow analyzed the requirements of the charging
infrastructure construction in three different regions, and an assessment model was also given to take the
different charging infrastructure construction costs into consideration [4]; ReVelle reviewed the facilities
layout optimization problems, in which discrete and continuous models were summarized [5]; Susan tried
to solve facility layout problem by utilizing its stochastic/dynamic characteristics [6]; Zheng evaluated the
merits and drawbacks of three different types of trade patterns, which combined the charging
infrastructure construction and its operation into consideration [7].
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In order to solve the general EV charging station layout problem, a multi-level EV charging station
layout optimization model (MLEVCSL), which pursue to minimize the initial construction investment
and users’ charging cost simultaneously, is employed [8]. An improved genetic algorithm (IGA), which
provides an order-based crossover and rule-based mutation operators, is proposed in this paper to solve
the MLEVCSL problem. In order to verify the performance of the algorithm, an empirical case study is
taken for demonstration.

2. Multi-Level Electric Vehicle Charging Station Layout Planning Model

The official guidance documents for constructing different levels of electric vehicle charging stations
have been issued [9] (as shown in Table 1).

The charging stations levels and EV allocations can be affected by many reasons. The main factors
should include initial construction investment; users’ daily charging cost; vehicle retention; EV charging
power; characteristics of power battery, etc.

Users’ charging cost led by different charging behaviours, including the power consumption to arrive
at the charging station and the loss due to occupied working time, is also taken into account in this paper.
The multi-level EV charging station layout optimization model is based on two important aspects. One of
the key factors is to calculate the users’ cost, which is closely related to the distance from the EV’s
current place to the “ideal” charging station it is allocated. Another key factor is to get a well estimation
on the initial construction investment. Thus the location selection and the allocation scheme for all EV
candidates are two aspects to be dealt with properly to gain the optimal economic cost [8].

Table 1. Infrastructure construction standard for different levels of EV charging stations

the quantity of daily service

. battery storage distribution capacity of . . .
level of station caparc}i,ty /k\K}gh single channeﬁ /k\;/ A big, medl}lm—s1z§d passenger car
commercial vehicle
Level 1 >6800 >5000 >200 >500
Level 2 3400~6800 3000~5000 100~200 200~500
Level 3 1700~3400 1000~3000 40~100 100~200
Level 4 <1700 <1000 <40 <100

2.1. Model assumptions

e The candidate points of charging stations should take into account the demands’ distribution and the
environmental safety;

e The quantity of each demand point is proportional to the total number of the electric vehicles’ charging
demand in that area;

e In a fixed period of time, users in each demand point can only be allowed to charge their EVs at the
station that it be allocated to;

e Users’ charging cost is linearly positive correlation with the distance from the EV charging station,
where Euclidean distance is employed in this paper.

2.2. Mathematical model of a multi-level EV charging station layout planning problem

min C=3% > F.X,+13,> DZd, (1)
st Y,Z,=1,Viel (2)
Z,<X,.,Viel, jeJ, meM (3)
ZiDiZij < szijm , Vjield (4)
Y. X, <1,VeJ (5)

ZjZijm:P (6)
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X, {0}, Vie, meM (7)
Z,e{0,1}, Viel, jeJ (8)

where [ is the demand points set, i € / refers to a demand point; J is the candidate points set of charging
stations, j € J refers to a candidate point; D, is the demand quantity at point i , namely the number of

vehicles having charging demand; £ is the initial construction cost of station in level m; 4 is the unit
charging cost for user; C, is the service ability of station in level m , namely the number of serving
vehicles daily; d, is the distance from the demand point i to the candidate point j; P is the quantity of
station to be constructed; X, € {0,1}, the value is 1 when the candidate point ; of station is constructed
in level m, otherwise 0; and Zij € {0,1} , the value is 1 when the users at demand point i receive services
at candidate point j, otherwise 0.

In the above model, formula (1) gives the optimization objective, which aims to minimize the total
planning cost, including the initial construction investment of charging stations and the users’ charging
cost in the later use. Formula (2) represents the users in each demand point have to arrive at an appointed
charging station in a fixed period of time. Formula (3) represents the prerequisite conditions to make a
candidate point into function. Formula (4) indicates that the charging demand quantity at one station
must not exceed its maximum service ability. Formula (5) shows a candidate point must be constructed
as only one of the levels. Formula (6) gives the constraint of total amount of charging stations to be
constructed. Formula (7), (8) gives the feasible zones for the decision-making variables.

3. Improved Genetic Algorithm for Multi-Level EV Charging Stations Layout Planning

3.1. Basic optimization principles of genetic algorithms

Genetic algorithms search the optimal solutions with the basic rule of choosing the fittest one in the
population evolution. During the process, outstanding individuals are given better fitness, which leads
these individuals more choices to give offspring through crossover and mutation operators. Thus good
features are preserved and bad ones are eliminated. Overall performance of the population continues to
get improved, and eventually reach the optimal value [10]. When solving problems, genetic algorithms
only take the advantage of the information of fitness function, but not any other conditions like
continuation and differentiability. Thus it is particularly suitable for processing highly complex nonlinear
problems.

3.2. The improved genetic algorithm for multi-level electric vehicle charging stations layout planning

In order to solve the problem described in formula (1)-(8), an improved genetic algorithm is proposed,
which includes the main steps as the following:

Step 1. Population initialization. The initial population is randomly generated. According to the
variable characteristics, binary coding strategy is employed in this study, which takes coding length as J .
The number of 1 in the code is P (1 means the point is selected to construct charging station), and the
remaining ones can only be 0 to match the constraint.

Step 2. Calculate the fitness for each individual. When evaluating the performance of each scheme,
additional work should be taken to make the solution a complete one: all the demand points should be
allocated to the potential stations to finish the evaluation process.

Step 3: Bringing the next generation. In order to generate qualified offspring, specifically designed
crossover and mutation operators are employed.

Step 4. Convergence. Either the best fitness of the generation doesn’t improve during a continuous 50
generations or the maximum evolving generation is reached, the algorithm will output the best individual
of that generation as the final result.

The flowchart of the improved genetic algorithm is shown in Fig. 1.
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Fig. 1. Flowchart of the improved genetic algorithm

4. Case Study

4.1. Problem description

adjusting individual

To verify and validate the performance of our proposed algorithm, an example, which is originally
give in [8], is employed for case study. In a 50x50 zone, 30 charging demand users and 10 candidate
points of charging stations are randomly generated. The aim of the layout planning is to choose 5
candidate points for constructing charging stations from the ten. The demand coordinates, the demand
quantity and the candidate points coordinates are shown in Table 2 and Table 3 respectively. According to
real application scenario, the users in each demand point are supposed to lay in the interval (20, 40).
Besides, the 4 levels of charging stations are provided, and their service capability and initial construction
investment are also estimated as shown in Table 4. The unit charging cost for one vehicle is assumed as a
fixed value 2 =1 RMB/km =10°x1000 RMB/km.

Table 2. Demand coordinates and their corresponding demands

aumber
1 24.74
2 45.68
3 48.36
4 6.34
5 4.70
6 20.87
7 0.46
8 10.79
9 10.37
10 4.02
11 8.13
12 21.86
13 0.10
14 0.99
15 48.37

Y

21.52
8.01
3.34
5.79

26.61

41.78

32.24

45.46

42.53

40.93

26.99

27.01

41.83
4.92

30.98

Demands

33
35
22
29
28
24
37
37
30
40
23
38
36
29
33

Order
number

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

22.81
27.11
30.11
27.44
10.11
20.05
47.17
41.00
34.83
3.17
34.79
25.66
44.63
41.09
48.65

41.90
4.62
9.14
7.81
0.42
18.98

23.70
2.87
7.36

36.14
11.06

28.79
4.63

49.70

46.14

Demands

40
33
25
28
24
30
29
30
23
22
27
33
24
33
25
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Table 3.Charging stations candidate points’ coordinates

order number X Y
1 5.0 5.0
2 6.0 32.0
3 10 38
4 25 25
5 30 5
6 43 8
7 42 25
8 45 40
9 18 42

10 32 15

Table 4. Station levels and their corresponding construction investment

Level Service ability /(vehicles/day) Sonstruction investment /(1000 RMB)
1 350 6500
2 250 5300
3 110 4000
4 70 3500

4.2. Parameters setting and experiment scenario

After experimental tests, the genetic algorithm’s parameters are set as Table 5, and all the empirical
studies are taken on a high performance PC with 4-core CPU 2.33GHz, and 4GB memory, with a python
coded program.

4.3. Results and discussion

After the optimization process, we obtained the final solution as shown in Table 6, which is better than
the result in literature [8] (shwon as Table 7). From the two solutions we can find that the layout solutions
produced by the two algorithms have completely different proposals, either in the location of the station
or in the choosing the station’s level for the same candidate point. The result obtained in this study has
saved almost 100, 000 RMB for the whole project, which improves about 0.4% of the total cost.

Table 5. The parameters setting for the improved genetic algorithm

Parameters ~ Population size =~ Maximum generation  Probability of crossover Probability of mutation
Set value 50 30 0.8 0.06

Table 6. Results obtained with the IGA proposed in this paper

Optimal solution {1,0,0,0,0,0,1,1,1,1}
1(3):4,5,14,20;

7(4):15,22;

8(4):29,30;
9(1):6,7,8,9,10,11,12,13,16,25;
10(1):1,2,3,17,18,19,21,23,24,26,27,28
total cost (1000RMB) 24010.099

Layout(level): distribution
of demand points

Table 7. Results from literature [8]

Optimal solution {0,1,0,0,1,0,1,1,1,0}
2(2):4,5,7,10,11,13,14,25;
5(1):1,2,3,17,18,19,20,21,23,24,26,28
7(4):15,22;

8(4):29,30;

9(2):6,8,9,12,16,27;

total cost (1000RMB) 24109.700

Layout(level): distribution
of demand points




282 International Journal of Smart Grid and Clean Energy, vol. 2, no. 2, May 2013

5. Conclusion

Electric vehicle charging stations layout makes an irreplaceable role in the development of
popularizing electric vehicles. An improved genetic algorithm, which takes advantage of the constraints
of the locations choice and the users’ allocation scheme, is proposed in this paper to solve a typical layout
model. The result of our empirical case study has proved the effectiveness of our algorithm than the
former one. Further attentions should be taken to consider the general multiple conflict objectives when
making the layout decision.
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