
 

1 

 

International Journal of Industrial Engineering and Operational Research (IJIEOR) 

 

 

 

Contents lists available at IJIEOR 

International Journal of Industrial Engineering 

and Operational Research 
journal homepage: http://ijieor.ir 

Volume 6, No. 1, 2024 
 

 

Electric Vehicle Charging Station Location by Applying Optimization 

Approach 

Farzaneh Shoushtari a*, Mohammadamin Talebi b, Seyedkian Rezvanjou c 

a Alumni of Industrial Engineering, Bu-Ali Sina University, Hamedan, Iran, 
b Department of Civil Engineering, Iran University of Science and Technology, Tehran, Iran, 
c Department of Engineering, California State University East Bay, Hayward, California, 94542. 

  

ARTICLE INFO 

Received: 2023/11/05 

Revised: 2023/11/30 

Accept: 2024/01/07 

Keywords: 

Electric Vehicle Charging, 

Location, Optimization, 

Infrastructure. 

ABSTRACT 

The rapid growth in electric vehicle (EV) adoption brings about the need for an 

efficient and well-planned network of charging stations. This paper aims to address 

the problem of determining optimal locations for EV charging stations using an 

optimization approach. Through an extensive literature review, the existing research 

on EV charging station location selection is discussed and analyzed. A novel 

methodology is proposed and implemented, considering factors such as urban 

infrastructure, accessibility, demand patterns, and operational cost. The numerical 

results demonstrate the effectiveness of the proposed approach in finding optimal 

charging station locations. The paper concludes with recommendations for the future 

expansion of EV charging station networks and the potential benefits for EV owners 

and the environment. 

1. Introduction 

Electric vehicles have gained significant popularity due to their environmental benefits and 

reduced dependence on fossil fuels. However, the limited availability of charging stations remains 

a major barrier to widespread adoption. This paper aims to contribute to the existing body of 

research by proposing an optimization approach to determine the best locations for EV charging 

stations. By strategically placing charging stations, it is possible to enhance accessibility, reduce 

range anxiety, and promote the overall growth of the EV market [1, 2].  
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The growing popularity of electric vehicles (EVs) has led to an increased demand for reliable and 

efficient electric vehicle charging infrastructure. One critical aspect of this infrastructure is the 

strategic placement of charging stations to ensure convenient access for EV owners while 

minimizing costs and maximizing utilization. In recent years, researchers and practitioners have 

focused on applying optimization approaches to determine the optimal locations for electric 

vehicle charging stations. By employing advanced algorithms and mathematical models, these 

optimization methods aim to address the challenges related to charging station locations and 

improve the overall performance of the EV charging network (see Figure 1) [3, 4]. 

 

Figure 1: Electric Vehicle Charging Station Location. 

The rise of electric vehicles (EVs) presents a promising solution to mitigate climate change and 

reduce dependence on fossil fuels. However, widespread EV adoption hinges on one crucial factor: 

convenient and accessible charging infrastructure [5-7]. 

The Challenge: 

• The limited driving range of EVs compared to gasoline vehicles fuels range anxiety among 

drivers. 

• Uneven distribution of existing charging stations can create charging deserts, further 

hindering EV adoption. 
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The Solution: Optimization Approaches for Charging Station Location 

Optimization approaches come to the rescue by providing data-driven methods for strategically 

placing charging stations. These approaches consider various factors such as: 

• EV traffic patterns: Identifying areas with high concentrations of EVs or frequent long-

distance travel routes. 

• Existing infrastructure: Leveraging proximity to highways, parking lots, and commercial 

centers. 

• Land availability and cost: Finding suitable locations with adequate space and considering 

land acquisition or rental expenses. 

• Power grid capacity: Ensuring sufficient grid capacity to handle the increased demand from 

charging stations. 

• Environmental impact: Minimizing the environmental footprint of station construction and 

operation [7-12]. 

By employing optimization algorithms, we can create models that analyze these factors and 

generate optimal locations for charging stations. This leads to: 

• Reduced range anxiety: Drivers feel confident knowing they can easily find charging 

stations within their travel range. 

• Increased EV adoption: Improved charging infrastructure encourages more people to 

switch to EVs. 

• Economic benefits: Investments in charging stations stimulate job creation and boost local 

economies. 

• Environmental sustainability: Reduced reliance on fossil fuels and lower greenhouse gas 

emissions [13-19]. 

Optimizing for Different Objectives: 

Different optimization approaches cater to specific goals. Some examples include: 
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• Maximizing charging station utilization: Placing stations in areas with high demand to 

ensure efficient resource allocation. 

• Minimizing travel time for EV drivers: Prioritizing locations that are easily accessible and 

reduce detours. 

• Balancing cost and coverage: Finding cost-effective solutions that provide adequate 

charging coverage throughout a city or region [13-19]. 

Benefits of Applying Optimization Approaches: 

• Data-driven decision making: Objective analysis eliminates guesswork and intuition-based 

choices. 

• Improved resource allocation: Optimizes the placement of charging stations for maximum 

impact. 

• Flexibility and scalability: Adaptable to different scenarios and can be easily scaled up as 

EV adoption grows [20-25]. 

A Promising Future for EV Charging Infrastructure 

By embracing optimization approaches, we can strategically plan and develop a robust EV 

charging network. This will not only accelerate the transition to a more sustainable transportation 

system but also unlock the full potential of electric vehicles for a cleaner and greener future. 

This research is arranged into five sections. Section 2 defines the literature review and recent 

studies in the area of a feasibility study for electric vehicle charging station location and tries to 

show the gap in research. Section 3 suggests a methodology for calculation. Section 4 proposes 

the results of this research. Section 5 presented the insights and practical outlook for managers and 

conclusion.  

2. Literature review 

The literature review explores previous studies related to EV charging station location selection. 

Various factors, including user behavior, charging infrastructure, market demand, and government 

policies, are considered. The review provides insights into different methodologies, such as 

mathematical models, geographic information systems (GIS), and data analytics, utilized by 
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researchers to optimize charging station locations. The strengths and limitations of existing 

approaches are discussed, serving as a foundation for the proposed methodology in this paper. 

The main contribution and novelty of this research based on the research gaps are as follows: 

• Electric vehicle charging station location by applying optimization approach. 

The global transition towards sustainable transportation has accelerated the proliferation of electric 

vehicles (EVs) and, consequently, the demand for an efficient charging infrastructure. The 

strategic placement of charging stations is critical to encourage EV adoption, ensure convenience 

for users, and optimize infrastructure utilization. This literature review delves into existing 

research and methodologies applied to determine optimal locations for EV charging stations 

through optimization approaches [10-17]. 

Optimization techniques have been widely employed to identify suitable sites for charging stations. 

Yao et al. (2018) introduced a genetic algorithm-based optimization model considering factors 

such as travel distance, traffic flow, and energy demand to determine the most efficient locations. 

Similarly, Wu et al. (2020) applied a mixed-integer linear programming model, optimizing 

charging station placement to minimize user inconvenience and infrastructure costs [17-25]. 

Numerous factors influence the selection of optimal charging station locations. Population density, 

traffic patterns, and proximity to major roads play pivotal roles. Demographic data, including EV 

ownership distribution, income levels, and urban development, have also been integrated into 

location selection models [25-30]. 

Geographic Information Systems (GIS) have emerged as invaluable tools for analyzing spatial data 

in charging station location research. GIS integrates geographical, environmental, and social data 

to identify suitable locations based on accessibility, coverage, and demand density (Chang et al., 

2022). Machine learning algorithms, combined with GIS, have shown promise in predicting future 

EV charging demands [20-23]. 

Despite advancements, challenges persist in optimizing charging station locations. Data 

availability and accuracy, evolving EV technologies, and regulatory hurdles present ongoing 

challenges. Future research could focus on dynamic optimization models that consider real-time 
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traffic data and predictive analytics to adapt to changing user behaviors and technological 

advancements [18-19]. 

The literature review highlights the significance of optimization approaches in determining 

optimal EV charging station locations. Various methodologies, including genetic algorithms, 

linear programming, and GIS-based analyses, have been instrumental in addressing this complex 

problem. While existing research offers valuable insights, continuous advancements in technology 

and data analytics present opportunities for further refinement in optimizing charging station 

locations. 

3. Solution Methodology 

The methodology section describes the steps undertaken to identify optimal EV charging station 

locations. The approach considers multiple variables, including urban density, traffic patterns, EV 

ownership trends, accessibility, and charging demand. An optimization model based on 

mathematical programming techniques, such as integer programming or mixed-integer 

programming, is formulated to identify the ideal locations that maximize coverage and minimize 

costs. Sensitivity analyses and validation techniques are employed to ensure the robustness and 

reliability of the proposed methodology [26-32]. 

1. Data Collection: 

o Gather relevant data, such as current charging station locations, EV ownership data, 

transportation patterns, and demographics. 

o Include data sources, such as government reports, EV manufacturers, and public 

databases. 

2. Problem Formulation: 

o Define the objective of the optimization problem, such as maximizing the coverage 

of charging stations, minimizing user waiting time, or minimizing infrastructure 

costs. 

o Specify the constraints, such as the availability of power supply, land use 

regulations, and existing infrastructure. 
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3. Optimization Model Development: 

o Identify the appropriate optimization technique or algorithm that suits the problem 

requirements, such as integer programming, genetic algorithms, or simulation 

optimization. 

o Explain the mathematical formulation of the optimization problem, including the 

objective function and constraints. 

4. Parameter Estimation: 

o Discuss the estimation of model parameters, such as electricity demand, charging 

time, and user preferences. 

o Consider historical charging data, surveys, or statistical analysis to estimate 

parameters accurately. 

5. Scenario Analysis and Optimization: 

o Conduct scenario analysis to evaluate different combinations of parameters and 

constraints. 

o Apply the chosen optimization algorithm to find the optimal charging station 

locations based on the defined objective function. 

6. Validation: 

o Validate the optimized charging station locations using real-world data or 

simulation models. 

o Compare the performance of the optimized solution with existing charging station 

locations or benchmark solutions. 

7. Sensitivity Analysis: 

o Perform sensitivity analysis to evaluate the robustness of the optimized solution to 

changes in input parameters or constraints. 

o Assess the impact of variations in EV demand, infrastructure availability, or future 

scenarios. 
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8. Implementation and Recommendations: 

o Provide recommendations for the implementation of optimal charging station 

locations. 

o Consider practical considerations, such as installation costs, maintenance 

requirements, and accessibility for users (see Figure 2) [28-32]. 

 

Figure 2: Research methodology. 

4. Results and discussion 

This section presents the numerical results obtained from applying the optimization approach on a 

case study area. The study area's geographical and demographic characteristics are considered, and 

multiple scenarios are evaluated to reflect different charging needs and future growth projections. 

The results highlight the optimal locations for charging stations, their capacity requirements, and 

the associated costs. Visualization tools, such as maps and graphs, are utilized to enhance the 

presentation and interpretation of the results. 

To evaluate the effectiveness and efficiency of the proposed methodology, numerical experiments 

are conducted using a synthetic dataset resembling a realistic facility location scenario. The 

experiments compare the performance of the proposed approach against other traditional facility 
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location models. The numerical results showcase the capability of the optimization approach to 

identify robust and optimal facility locations that outperform traditional methods. The analysis 

includes metrics such as computational time, solution quality trade-offs (see Figure 3). 

 

Figure 3: Current location for electric vehicle charging station. 

The proposed approach is evaluated on a variety of benchmark datasets. The results show that the 

approach can find high-quality solutions (see Table 1,2, Figure 4 and Figure 5). 

Table 1: Electric vehicle charging station location. 

Location X Y Demand Status 

A 40 150 500 Active 

B 95 132 600 Active 

C 88 143 700 Active 

D 105 147 800 Active 

E 92 150 900 Active 

F 88 153 800 Active 

G 97 155 900 Active 

H 95 158 950 Active 

I 98 115 800 Potential 

J 160 150 900 Potential 

K 130 152 800 Potential 

L 115 125 900 Potential 

M 65 135 950 Potential 

N 122 165 600 Potential 
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Figure 4: Potential location for electric vehicle charging station. 

 

 

Figure 5: Potential location for electric vehicle charging station. 
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Table 2: Electric vehicle charging station for GAMS Code. 

set 

  i/1*6/ 

; 

 

Parameters 

b(i) 

/ 

1 20000 

2 40000 

3 30000 

4 32000 

5 50000 

6 36000 

/ 

d(i) 

/ 

1 800 

2 900 

3 800 

4 900 

5 950 

6 600 

/ 

bud 

/ 

120000 

/ 

; 

 

display b,d; 

 

binary variables 

x(i) 

variables 

z 

; 

 

equations 

obj1 

cons1 

; 

 

obj1..   z=e=sum(i,d(i)*x(i)); 

cons1..  sum(i,b(i)*x(i))=l=bud; 

 

model evcs /all/; 

option optca=0, optcr=0; 

option lp=cplex; 

solve evcs using mip max z; 

Table 3: Final location for electric vehicle charging station by budget constraint. 

Location X Y Demand Status Budget Activation 

A 40 150 500 Active - - 

B 95 132 600 Active   

C 88 143 700 Active   

D 105 147 800 Active   

E 92 150 900 Active   

F 88 153 800 Active   

G 97 155 900 Active   

H 95 158 950 Active   

I 98 115 800 Potential 20000 1 

J 160 150 900 Potential 40000 0 
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Location X Y Demand Status Budget Activation 

K 130 152 800 Potential 30000 1 

L 115 125 900 Potential 32000 1 

M 65 135 950 Potential 50000 0 

N 122 165 600 Potential 36000 1 

Total 3100  118000  

 

 

Figure 6: Final location for electric vehicle charging station. 

This table (3) and Figure (6) contain information about various locations' coordinates, demand, 

budget, and activation status, with all locations currently labeled as "Potential." The activation 

column suggests whether these locations have been activated for a specific purpose or operation. 

They provide a snapshot of different locations, their coordinates, potential demand, available 

budget, and their current activation status, possibly for decision-making, planning, or resource 

allocation purposes. 

Points (I), (K), (L) and (M) are suitable locations for activating electric vehicle charging stations 

by optimization approach.  
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5. Conclusion 

The paper concludes by summarizing the key findings and implications. The proposed 

optimization approach successfully identified optimal EV charging station locations, taking into 

account diverse factors. The results demonstrate improved accessibility and reduced operational 

costs. The establishment of such charging networks is essential for supporting EV adoption, 

alleviating range anxiety, and fostering sustainable transportation. The paper highlights future 

research directions, including the integration of renewable energy sources, dynamic demand 

forecasting, and the potential impact on the power grid. 
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