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briefly discusses the importance of interoperability and standardization in
charging infrastructure to facilitate seamless charging experiences for EV
owners, irrespective of the vehicle brand or model. It emphasizes the need
for universally compatible charging connectors and protocols to eliminate
barriers and promote widespread EV adoption. Finally, the abstract touches
upon the emerging technologies in the EV charging landscape, such as
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implementation in EVCSS. The research on Electric Vehicle Charging
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electric vehicles (EVs). Electric vehicles have gained considerable
momentum as a promising solution to reduce greenhouse gas emissions
and mitigate climate change. However, the successful transition to
sustainable transportation heavily relies on the availability of an efficient
and reliable charging infrastructure.
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Introduction

The field of EVCSS is continuously evolving, with advancements in charging technologies,
interoperability, and smart grid integration. Research in this domain focuses on evaluating emerging
technologies like wireless charging, vehicle-to-grid integration, and advanced charging management
systems. Such research enables the identification of opportunities and challenges associated with these
technologies, facilitating their effective implementation and commercialization. Research on EVCSS
plays a crucial role in identifying optimal site selection, design, and operation strategies to support the
sustainable growth of EVs. Research on Electric Vehicle Charging Station Sites holds significant
significance in supporting the sustainable transition to electric mobility. By addressing aspects such as
infrastructure planning, scalability, user experience, and technological advancements, this research
contributes to the development of efficient and accessible charging networks, fostering the widespread
adoption of electric vehicles and facilitating the de-carbonization of the transportation sector. In this
research we will be using The Technique for Order of Preference by Similarity to Ideal Solution method.
We have taken as alternative parameters are cities, 1,2,3,4,6 and evaluation parameters are local
government support, waste space and convenience, transportations convenience, operation and
maintenance costs, construction cost Out of all the 5 cities, city 5 gets first rank in Electric Vehicle
Charging Station Sites. With the Technique for Order of Preference by Similarity to Ideal Solution
method, we are able to find the best city which has the best Electric Vehicle Charging Station Site, has
been evaluated with various parameters and methodology.

The energy crisis and the deterioration of the ecological environment have emerged as major
challenges for the sustainable development of the modern world as a result of the growth of the global
economy and the depletion of natural resources. As a result, many methods have been used by nations
all over the world to utilize energy effectively. The transition towards sustainable transportation has
gained significant momentum with the increasing adoption of electric vehicles (EVs) worldwide. Electric
Vehicle Charging Station Sites (EVCSS) play a crucial role in supporting the infrastructure necessary for
the widespread deployment and usability of EVs. As the demand for EVs continues to rise, it becomes
imperative to establish an efficient and accessible network of charging stations that can cater to the
changing needs of EV owners. This research paper aims to explore the key aspects and considerations
surrounding the establishment of EVCSS, including site selection, infrastructure scalability,
interoperability, and emerging technologies. The proliferation of EVs is driven by the need to reduce
greenhouse gas emissions, dependence on fossil fuels, and mitigate climate change. [1][2][3]

Figure 1

However, the successful adoption of EVs hinges upon the availability and functionality of a well-
designed and strategically located charging infrastructure. EVCSS must be conveniently situated to
ensure accessibility for EV owners, considering factors such as residential areas, commercial centers,
and major transportation hubs. This paper delves into the site selection process and explores the optimal
criteria for determining suitable locations that maximize convenience for EV users while minimizing the
burden on the existing electrical grid. Scalability is a critical consideration for EVCSS to accommodate
the projected increase in EV adoption. As the number of EVs on the road grows, the charging
infrastructure must be scalable to meet the growing charging demands. The paper examines the
scalability challenges and explores strategies to ensure that charging stations can handle the increasing
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charging load efficiently. Additionally, it investigates the integration of renewable energy sources, such as
solar panels or wind turbines, to power EVCSS, enhancing sustainability and reducing environmental
impact. Interoperability and standardization are vital for the seamless operation of EVCSS. EV owners
should be able to charge their vehicles at any charging station, irrespective of the vehicle brand or model
they own. The paper explores the importance of universally compatible charging connectors and
protocols, promoting interoperability and eliminating barriers to EV adoption. It also discusses the
implications of interoperability on the overall charging experience and the necessary steps for achieving
standardization in the charging infrastructure. [4][5][6][7]
-

Figure 2

Moreover, the paper investigates emerging technologies in the EV charging landscape. Wireless
charging and vehicle-to-grid (V2G) integration are among the notable advancements that can
revolutionize the charging experience. The research examines the benefits, challenges, and potential
implications of these technologies in EVCSS, paving the way for a deeper understanding of their impact
on infrastructure design and operation. [8][9] [10]
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Figure 3

In conclusion, this research paper provides a comprehensive exploration of Electric Vehicle
Charging Station Sites, addressing critical aspects such as site selection, scalability, interoperability, and
emerging technologies. By examining these factors, the research aims to contribute to the development
of efficient and accessible charging networks that support the growing adoption of electric vehicles,
facilitating the transition towards sustainable transportation and a greener future. [11] [12] [13]

Materials and Method
The TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) method is a multi-

criteria decision-making technique used to evaluate and rank alternatives based on multiple criteria. It
helps in selecting the best alternative from a set of options by considering their relative performance Here
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is an explanation of the TOPSIS method: Identify criteria: Determine the criteria that will be used to
evaluate the alternatives. These criteria should be relevant, measurable, and aligned with the decision-
making context. Normalize the data: Convert the raw data for each criterion into a dimensionless scale.
This step is essential to ensure that the criteria are comparable. Common normalization techniques
include min-max normalization or z-score normalization. Determine the weights: Assign weights to each
criterion to reflect their relative importance. The weights can be assigned subjectively based on the
decision maker's preferences or through analytical methods such as the Analytic Hierarchy Process
(AHP). Construct the decision matrix: Create a matrix where each row represents an alternative and
each column represents a criterion. Fill in the matrix with the normalized values for each alternative and
criterion. Determine the ideal and negative ideal solutions: For each criterion, identify the best and worst
values among all alternatives. The ideal solution represents the best performance for each criterion, while
the negative ideal solution represents the worst performance. Calculate the distance measures: Calculate
the Euclidean distance or other similarity measures between each alternative and the ideal solutions
(both positive and negative). The distance represents the proximity of each alternative to the ideal
solutions. Calculate the relative closeness: Determine the relative closeness of each alternative to the
ideal solutions by considering the ratios of the distances. This can be done using the formula: relative
closeness = distance to negative ideal solution / (distance to negative ideal solution + distance to positive
ideal solution). Rank the alternatives: Rank the alternatives based on their relative closeness values. The
alternative with the highest relative closeness is considered the best choice. The TOPSIS method
provides a systematic approach to decision-making by considering both the positive and negative
aspects of each alternative. It allows decision-makers to evaluate and rank alternatives based on multiple
criteria, taking into account their relative importance.

Result and Discussion
Table 1: Topsis of Electric Vehicle Charging Station Site

Local Waste Disposal . Operation and
Transportation . Construct
Government Space and . Maintenance .
. Convenience ion Cost
Support Convenience Costs
City 1 6 6 7 1 6
City 2 2 2 6 4 4
City 3 5 8 5 1 5
City 4 6 5 5 3 8
City 5 6 6 6 6 7

The Table provided shows the ratings of different factors related to local government
support, waste disposal space and convenience, transportation convenience, operation and
maintenance costs, and construction costs for five different cities. Here is a breakdown of the
ratings for each city: City 1: This city has a high level of local government support (rating of 6),
waste disposal space and convenience (rating of 6), transportation convenience (rating of 7), and
low operation and maintenance costs (rating of 1). However, the construction cost is relatively high
(rating of 6) City 2: In this city, the local government support (rating of 2) and waste disposal space
and convenience (rating of 2) are relatively low. However, it offers good transportation convenience
(rating of 6). The operation and maintenance costs are moderate (rating of 4), and the construction
cost is also moderate (rating of 4) City 3: This city has a moderate level of local government support
(rating of 5) and waste disposal space and convenience (rating of 8). The transportation
convenience is average (rating of 5), and the operation and maintenance costs are low (rating of 1).
The construction cost is also moderate (rating of 5) City 4: In this city, the local government support
(rating of 6) and waste disposal space and convenience (rating of 5) are good. The transportation
convenience and operation and maintenance costs are average (ratings of 5 and 3, respectively).
However, the construction cost is high (rating of 8).City 5: This city has a high level of local
government support (rating of 6) and waste disposal space and convenience (rating of 6). The
transportation convenience is also good (rating of 6). The operation and maintenance costs and
construction cost are both moderate (ratings of 6 and 7, respectively). These ratings provide an
overview of how each city performs in terms of the mentioned factors, helping to understand the
varying levels of support, convenience, and costs associated with waste disposal in each location.
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Figure 1: Topsis of Electric Vehicle Charging Station Site

Figure 1 Shows Electric Vehicle Charging Station Sites using the analysis method in TOPSIS
with alternative preferences: cities 1,2,3,4,5 and with evaluation preference: local government support,
waste disposal space and convenience, transportations convenience, operation and maintain costs,
construction cost.

Table 2: Normalized Data

Normalized Data

0.5126 0.5126 0.5981 0.0854 0.5126
0.1709 0.1709 0.5126 0.3417 0.3417
0.4272 0.6835 0.4272 0.0854 0.4272
0.5126 0.4272 0.4272 0.2563 0.6835
0.5126 0.5126 0.5126 0.5126 0.5981

Table 2: The normalized data table indicates the presence of different variables or categories,
with columns 1, 2, and 5 potentially being more important or influential. The specific nature and
interpretation of these variables would require additional context or domain knowledge.
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Figure 2 showing Electric Vehicle Charging Station Sites using the analysis method in TOPSIS
with alternative preferences: cities 1,2,3,4,5 and with evaluation preference: local government support,
waste disposal space and convenience, transportations convenience, operation and maintain costs,
construction cost

Table 3: Weighted Normalized Decision Matrix

Weighted Normalized Decision Matrix
0.1025 0.1025 0.1196 0.0171 0.0171
0.0342 0.0342 0.1025 0.0683 0.0683
0.0854 0.1367 0.0854 0.0171 0.0171
0.1025 0.0854 0.0854 0.0513 0.0513
0.1025 0.1025 0.1025 0.1025 0.1025

Table 4: The weighted normalized decision matrix highlights the importance or significance of
different variables or categories. Columns 1 and 2 appear to have relatively higher weights, while column
5 has the lowest weight. The specific interpretation of these variables and their significance would
depend on the context or domain they represent.
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Figure 3
Figure 3: Showing Electric Vehicle Charging Station Sites using the analysis method in TOPSIS
with alternative preferences: cities 1,2,3,4,5 and with evaluation preference: local government support
waste disposal space and convenience, transportations convenience, operation and maintain costs,
construction cost

Table 4: Positive Matrix

Positive Matrix
0.1025 0.1025 0.1025 0.1025 0.1025
0.1025 0.1025 0.1025 0.1025 0.1025
0.1025 0.1025 0.1025 0.1025 0.1025
0.1025 0.1025 0.1025 0.1025 0.1025
0.1025 0.1025 0.1025 0.1025 0.1025

Table 4: The positive matrix consists of all equal values of 0.1025 in every cell across all rows
and columns. This suggests that there is no variation or differentiation between the variables or
categories represented by the matrix. Each variable or category is assigned equal importance or weight,
as indicated by the uniform values. This matrix does not provide any specific information regarding the
relationships, rankings, or preferences among the variables



w

Yashoda. R: Electric Vehicle Charging Station Site 133

0.1200

0.1000
0.0800
0.0600
0.0400
0.0200
0.0000
1 2 3 - 5

M Series] mSeries2 m Series3 Series4 M Series5

Figure 4

Figure 4: showing Electric Vehicle Charging Station Sites using the analysis method in TOPSIS
with alternative preferences: cities 1,2,3,4,5 and with evaluation preference: local government support
waste disposal space and convenience, transportations convenience, operation and maintain costs,
construction cost

Table 5: Negative Matrix
Negative matrix

0.0342 0.0342 0.0342 0.0342 0.0342
0.0342 0.0342 0.0342 0.0342 0.0342
0.0342 0.0342 0.0342 0.0342 0.0342
0.0342 0.0342 0.0342 0.0342 0.0342
0.0342 0.0342 0.0342 0.0342 0.0342

Table 5: The Negative matrix consists of all equal values of 0.1025 in every cell across all rows
and columns. This suggests that there is no variation or differentiation between the variables or
categories represented by the matrix. Each variable or category is assigned equal importance or weight,
as indicated by the uniform values. This matrix does not provide any specific information regarding the
relationships, rankings, or preferences among the variables or categories.
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Figure 5

Figure 5: Showing Electric Vehicle Charging Station Sites using the analysis method in TOPSIS
with alternative preferences: cities 1,2,3,4,5 and with evaluation preference: local government support
waste disposal space and convenience, transportations convenience, operation and maintain costs,
construction cost
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Table 6: Sl Plus

Sl Plus
0.0871
0.1025
0.0951
0.0567
0.0000

Table 6: From the available data, we can infer that there is variability in the measurements. The
values range from non-zero positive values (0.0871, 0.1025, 0.0951, 0.0567) to a zero value (0.0000).
This suggests that different categories or variables represented by these measurements might have
different levels or degrees of significance or influence.
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Figure 6
Figure 6: Showing Electric Vehicle Charging Station Sites using the analysis method in TOPSIS
with alternative preferences: cities 1,2,3,4,5 and with evaluation preference: local government support
waste disposal space and convenience, transportations convenience, operation and maintain costs,
construction cost

Table 7: Si Negative
Si Negative
0.1301
0.0764
0.1267
0.1011
0.1367

Table 7: From the available data, we can infer that there is variability in the measurements. The
values range from relatively higher values (0.1301, 0.1267, 0.1367) to a relatively lower value (0.0764).
This suggests that different categories or variables represented by these measurements might have
different levels or degrees of negative significance or influence.




Yashoda. R: Electric Vehicle Charging Station Site 135

0.1500
0.1000
0.0500
0.0000
1 2 3 4 5
Figure 7

Figure 7: Showing Electric Vehicle Charging Station Sites using the analysis method in TOPSIS
with alternative preferences: cities 1,2,3,4,5 and with evaluation preference: local government support
waste disposal space and convenience, transportations convenience, operation and maintain costs,
construction cost.

Table 8: CI
Ci
0.5990
0.4271
0.5712
0.6408
1.0000

Table 8: From the available data, we can infer that there is variability in the measurements. The
values range from relatively lower values (0.4271, 0.5712, 0.5990) to relatively higher values (0.6408,
1.0000). This suggests that different categories or variables represented by these measurements might
have different levels or degrees of influence or importance.
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Figure 8: Showing Electric Vehicle Charging Station Sites using the analysis method in TOPSIS
with alternative preferences and with alternative preferences: cities 1,2,3,4,5 and with evaluation
preference: local government support waste disposal space and convenience, transportations
convenience, operation and maintain costs, construction cost

Table 9: Ranks

Rank
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Table 9: From the available data, we can infer that each category or variable has been assigned
a specific rank. The lowest rank of 1 suggests that the corresponding category or variable has been
ranked as the most important or highest in terms of the given criteria. Conversely, the highest rank of 5
suggests that the corresponding category or variable has been ranked as the least important or lowest in
terms of the given criteria.
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Figure 9
Figure 9 shows the Ranks City 2 is First Rank and City 5 is Last Rank

Conclusion

The establishment and proliferation of Electric Vehicle Charging Station Sites (EVCSS) play a
crucial role in facilitating the widespread adoption and usage of electric vehicles (EVs). This research
paper has explored various aspects related to EVCSS, including transportation convenience, local
government support, waste disposal space and convenience, construction costs, and operation and
maintenance costs. Transportation convenience is a key factor in the success of EVCSS. Accessible and
strategically located charging stations promote EV usage by providing convenient and reliable charging
options. Integration with existing transportation infrastructure and proximity to high-traffic areas, such as
highways, residential areas, and commercial centers, ensure that EV owners can easily access charging
facilities, alleviating range anxiety and enhancing the overall user experience. Local government support
is crucial in driving the development and deployment of EVCSS. Supportive policies, such as incentives,
subsidies, and regulatory frameworks, encourage private and public investment in charging
infrastructure. Collaboration between local authorities and stakeholders, including utilites and
transportation agencies, can expedite the deployment of charging stations and foster an environment
conducive to EV adoption. Effective waste disposal space and convenience at EVCSS are essential for
the proper handling and disposal of charging-related waste. Having designated waste disposal areas
promotes environmentally responsible practices, minimizes pollution risks, and enhances the overall
sustainability of charging infrastructure. Convenience in waste disposal, such as clearly marked bins and
user-friendly disposal processes, contributes to a positive user experience, fostering positive perceptions
of EVs and encouraging their wider adoption. Construction costs of EVCSS are a significant
consideration, impacting the feasibility and scalability of charging infrastructure. Factors such as site
preparation, equipment installation, electrical infrastructure, and ancillary facilities contribute to
construction expenses. Identifying cost-saving measures, leveraging existing infrastructure, and exploring
partnerships and incentives can help optimize construction costs and make charging infrastructure more
economically viable. Operation and maintenance costs are critical factors in ensuring the long-term
viability and sustainability of EVCSS. Energy consumption, equipment maintenance, connectivity, user
support, and site management contribute to operational expenses. Employing energy optimization
strategies, predictive maintenance techniques, and scalable infrastructure designs can help minimize
operational costs and enhance the efficiency of charging infrastructure.

In conclusion, Electric Vehicle Charging Station Sites are essential components of the EV
ecosystem. Transportation convenience, local government support, waste disposal considerations,
construction costs, and operation and maintenance costs are all important aspects that influence the
successful implementation and operation of EVCSS. Understanding and addressing these factors
through research and innovation can further accelerate the transition to electric mobility, fostering a
sustainable and clean transportation future.



Yashoda. R: Electric Vehicle Charging Station Site 137

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Hosseini, Seyedmohsen, and M. D. Sarder. "Development of a Bayesian network model for
optimal site selection of electric vehicle charging station." International Journal of Electrical
Power & Energy Systems 105 (2019): 110-122.

Wang, Guojun, Md Zakirul Alam Bhuiyan, Sabrina De Capitani di Vimercati, and Yizhi Ren, eds.
Dependability in Sensor, Cloud, and Big Data Systems and Applications: 5th International
Conference, DependSys 2019, Guangzhou, China, November 12—15, 2019, Proceedings. Vol.
1123. Springer Nature, 2019.

Li, Chengzhe, Libo Zhang, Zihan Ou, Qunwei Wang, Dequn Zhou, and Jiayu Ma. "Robust model
of electric vehicle charging station location considering renewable energy and storage
equipment." Energy 238 (2022): 121713.

Wang, Hengsong, Qi Huang, Changhua Zhang, and Aihua Xia. "A novel approach for the layout
of electric vehicle charging station." In The 2010 International Conference on Apperceiving
Computing and Intelligence Analysis Proceeding, pp. 64-70. IEEE, 2010.

Feng, Jianghong, Su Xiu Xu, and Ming Li. "A novel multi-criteria decision-making method for
selecting the site of an electric-vehicle charging station from a sustainable perspective.”
Sustainable Cities and Society 65 (2021): 102623.

Meng, Wang, and Liu Kai. "Optimization of electric vehicle charging station location based on
game theory." In Proceedings 2011 International Conference on Transportation, Mechanical,
and Electrical Engineering (TMEE), pp. 809-812. IEEE, 2011.

Meng, Wang, and Liu Kai. "Optimization of electric vehicle charging station location based on
game theory." In Proceedings 2011 International Conference on Transportation, Mechanical,
and Electrical Engineering (TMEE), pp. 809-812. IEEE, 2011.

Liu, Jin-peng, Teng-xi Zhang, Jiang Zhu, and Tian-nan Ma. "Allocation optimization of electric
vehicle charging station (EVCS) considering with charging satisfaction and distributed
renewables integration." Energy 164 (2018): 560-574.

Li, Shengyin, Yongxi Huang, and Scott J. Mason. "A multi-period optimization model for the
deployment of public electric vehicle charging stations on network." Transportation Research
Part C: Emerging Technologies 65 (2016): 128-143.

Fermatean fuzzy Einstein aggregation operators-based MULTIMOORA method for electric
vehicle charging station selection

Mishra, Arunodaya Raj, Pratibha Rani, and Abhijit Saha. "Single-valued neutrosophic similarity
measure-based additive ratio assessment framework for optimal site selection of electric vehicle
charging station." International journal of intelligent systems 36, no. 10 (2021): 5573-5604.

Baouche, Fouad, Romain Billot, Rochdi Trigui, and Nour-Eddin El Faouzi. "Efficient allocation of
electric vehicles charging stations: Optimization model and application to a dense urban
network." IEEE Intelligent transportation systems magazine 6, no. 3 (2014): 33-43.

Liang, Xuedong, Xingli Wu, and Huchang Liao. "A gained and lost dominance score Il method
for modelling group uncertainty: Case study of site selection of electric vehicle charging
stations." Journal of Cleaner Production 262 (2020): 121239.

Zhao, Yiqi, Ye Guo, Qinglai Guo, Hongcai Zhang, and Hongbin Sun. "Deployment of the electric
vehicle charging station considering existing competitors." IEEE Transactions on Smart Grid 11,
no. 5 (2020): 4236-4248.

Catalbas, Mehmet Cem, Merve Yildirim, Arif Gulten, and Hasan Kurum. "Estimation of optimal
locations for electric vehicle charging stations." In 2017 IEEE International Conference on
Environment and Electrical Engineering and 2017 IEEE Industrial and Commercial Power
Systems Europe (EEEIC/I&CPS Europe), pp. 1-4. IEEE, 2017.

Celikbilek, Yakup, and Fatih Tuyslz. "An in-depth review of theory of the TOPSIS method: An
experimental analysis." Journal of Management Analytics 7, no. 2 (2020): 281-300.

Dymova, Ludmila, Pavel Sevastjanov, and Anna Tikhonenko. "A direct interval extension of
TOPSIS method." Expert Systems with Applications 40, no. 12 (2013): 4841-4847.



20.

21.

22.

23.

24.

25.

26.

27.

Exploresearch: Volume 02, No. 02, April-June, 2025

Chen, Pengyu. "Effects of normalization on the entropy-based TOPSIS method." Expert
Systems with Applications 136 (2019): 33-41.

Chen, Ting-Yu, and Chueh-Yung Tsao. "The interval-valued fuzzy TOPSIS method and
experimental analysis." Fuzzy sets and systems 159, no. 11 (2008): 1410-1428.

Wang, Zheng-Xin, and Yan-Yu Wang. "Evaluation of the provincial competitiveness of the
Chinese high-tech industry using an improved TOPSIS method." Expert Systems with
Applications 41, no. 6 (2014): 2824-2831.

Tsaur, Ruey-Chyn. "Decision risk analysis for an interval TOPSIS method." Applied
Mathematics and Computation 218, no. 8 (2011): 4295-4304.

i, Yusuf Tansel. "An experimental design approach using TOPSIS method for the selection of
computer-integrated manufacturing technologies." Robotics and Computer-Integrated
Manufacturing 28, no. 2 (2012): 245-256.

Byun, H. S., and K. H. Lee. "A decision support system for the selection of a rapid prototyping
process using the modified TOPSIS method." The International Journal of Advanced
Manufacturing Technology 26 (2005): 1338-1347.

Sarkar, Asis. "A TOPSIS method to evaluate the technologies." International Journal of Quality
& Reliability Management 31, no. 1 (2013): 2-13.

Bottani, Eleonora, and Antonio Rizzi. "A fuzzy TOPSIS methodology to support outsourcing of
logistics services." Supply Chain Management: An International Journal (2006).

Kaya, Omer, Kadir D. Alemdar, and Muhammed Y. Codur. "A novel two stage approach for
electric taxis charging station site selection." Sustainable Cities and Society 62 (2020): 102396.
Karasan, Ali, ihsan Kaya, and Melike Erdogan. "Location selection of electric vehicles charging
stations by using a fuzzy MCDM method: a case study in Turkey." Neural Computing and
Applications 32 (2020): 4553-4574.

aaa



