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Abstract

Globally, the adoption of electric vehicles is promoted for reducing carbon emissions and dependency on fossil
fuels. Considering current scenario of transportation infrastructure system, Electric Vehicle (EV) adoption is
crucial in Bangladesh, due to absence of readily available, easily accessible public charging stations. To facilitate
a sustainable EV infrastructure, this study determines the suitable placements along eight national highways of
Bangladesh to align with the nation's sustainable transportation objectives. In this study, Multi-Criteria Decision
Making (MCDM) analysis with AHP (Analytic Hierarchy Process) was conducted where some factors were put
into consideration, such as proximity to the conservative environment, areas prone to floods, recreation amenities,
available transportations stations, existing transportation road network, study area elevation and geology. There
were nine weighted criteria used in the Suitability analysis based on GIS. Here, Road Network (28%), Land Cover
(18 %), Flood-Prone Areas (12 %) and Transportation Amenities and Activity Center (22 %) obtained the highest
weights. The resulting map provided optimal zones near major highways, built-up areas, and recreational facilities
with low flood risk and gentle slopes. After final weighted overlay analysis, 46 suitable locations are identified
suitable for electric vehicle charging stations. This study can contribute as a good source of reference by
policymakers and stakeholders of the transportation sphere of Bangladesh who are interested in facilitating EV
adoption and minimizing the carbon footprint of the country.

Keywords: Electric vehicles (EV); AHP (Analytic Hierarchy Process); Multi-Criteria Decision Making
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1 Introduction

1.1 Background of the Study

With the world currently facing the negative impacts of climate change and escalating fuel costs, electric vehicles
(EVs) have become a novel solution to the conventional internal combustion engines vehicles with its advantage
of being a sustainable and energy-efficient vehicle (Hossain et al., 2022). Bangladesh, as well as other countries in
the world, are slowly shifting to cleaner means of transportation in reaction to global commitments like the Paris
agreement and the Sustainable Development Goals (SDGs) (Rahman et al., 2025). The Bangladesh government is
recently interested in stimulating EV adoption by the means of numerous policies, subsidizing, and developing EV
infrastructure plans (Power Division, 2021). Nevertheless, the absence of sufficient amounts of well-positioned
public charging infrastructure, particularly in the countrywide national and regional highways, is considered one
of the major obstacles to the broad diffusion of EV in Bangladesh (Hasan et al., 2024). Since EVs do not travel far
when compared to fossil-fueled cars, non-stop urban commute within cities depends largely on the presence of
charging points. In the absence of dependable charging stations in key intercity corridors, range anxiety poses a
fatal bottleneck to the users of EVs (Samarasinghe et al., 2020). Locating EV charge points at the best possible
location is a multidimensional spatial decision problem to be resolved occupying many criteria such as traffic
densities, population distributions, accessibility to electric resources, availability of land, environmental and socio-
economic conditions. Multi-Criteria Decision Analysis (MCDA) using Geographic Information System (GIS) has
become a superior methodology in the process of combining all these various spatial and non-spatial factors to
identify appropriate areas (Yousefi et al., 2021). Although the world and the region are increasing debating about
the EV infrastructure, there are still limited amounts of academic and policy-related research concerning the topic
of deciding the appropriate places where EV charging points should be in Bangladesh in a scientific and spatially
informed manner (Salsabil et al., 2024). The current research thus tries to address such a gap by using a GIS-based
multi-criterion combined with Analytic Hierarchy Process (AHP) analysis to find out the best sites to locate the
implementation of public EV charging stations along the national and regional road highways in Bangladesh.

The necessity to cut greenhouse gas emission, fight against climate change and dependence on fossil fuels is the
driving force that propels the world to move towards electric vehicle (EV) adaptation. In order to make this shift
possible, countries across the world are investing more significantly in EV infrastructure, especially in public
charging stations (Yousefi et al., 2021). Recent research works have increased its examination of the different
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approaches to locating EV charging stations where MCDA on GIS has become a widely used approach in resolving
spatial problems of decision-making (Sadeghi-Bazargani et al., 2020). It enables the combination of a variety of
factors, including the proximity of road networks, slope, land cover, and proximity to transportation hubs and
urban settlements to be placed in a spatial framework to determine the best possible location (Asgharzadeh et al.,
2022). Evidence that GIS-MCDA methodologies have been used to identify the most suitable location of EV
charging stations exists in countries like China, India, and Turkey (Das and Panda, 2022). Closely connected with
the geospatial analysis applied in South Asia, India has led to spatial-based policies on EV charging. AHP was
used together with GIS in an attempt by Singh et al. (2021) to find optimal locations of EV stations in respect to
environmental concerns, economics, and infrastructures. In contrast, Bangladesh remains in the early stages of EV
adoption (Hasan et al., 2024). Recent research highlighted obstacles like the lack of charging infrastructure, range
anxiety, and the lack of policies (Rahman et al., 2025). Research conducted by Salsabil et al. (2024) is one of the
few studies pointing out the environmental and infrastructural aspects of EV adoption in Bangladesh, yet the study
did not focus on site comfortability or the optimization of spaces.

Even though the world is evolving and has research on planning the EV infrastructure, Bangladesh does not have
focused research on spatially analyzing EV charging facilities, especially in its national and regional-highway
routes. Although some research methods were carried out on general EV adoption barriers (e.g., restrictive policies
and the lack of infrastructure), there is no use of GIS and MCDA methodologies to identify appropriate charging
points within the nation. Such lack of spatially informed studies constraints policymakers and planners in coming
up with an appropriate charging network that enables long-distance EV journeys in Bangladesh. Thus, the clear
research gap can be identified with the application of the GIS-based models to determine optimum locations of the
EV charging stations, especially along the network of national roads that are rapidly expanding within the country.
It is this gap that makes a structured, data-informed EV infrastructure planning approach based on geographic and
infrastructural realities in Bangladesh more important.

2 Materials and Methodology

2.2.1 Selection of Criteria for Analysis

Road Network (Proximity to Highway):

Charging points should be located along major highways, to reach long distance and large volume visitors.
Proximity to highways is visible and requires less mileage detours (Panagiotis et al. 2022).

Digital Elevation Model (DEM):

Elevation impacts on the feasibility of construction and safety of infrastructure. Level or slightly sloping land is
ideal to prevent drainage issues, facilitate construction works and maintain restricted access (Zeb et al., 2020).
Flood Prone Area:

Areas exposed to floods are prone to damaging equipment, malfunctioning power, and service interruption.
Omitting such regions enhances the station dependability and aids by planning climate-resilient infrastructure
(Rifai et al., 2024)

Geology:

The construction cost and foundational stability are influenced by under-ground circumstances. Long-term station
performance and reduced engineering risk are best suited to stable, hard geological formations (Zeb et al., 2020).
Proximity to Transport Amenities and Activity Centers:

This criterion encompasses fuel stations, parking, bus stops, railway stations, restaurants, cafes, shopping centers,
hotels and other busy service outlets. These stops are naturally resting places or halting places of travelers and may
be supported with related infrastructure such as power supply, light, and security. Locating EV charging stations
near these facilities promotes user convenience, higher charges per device, and reduced installation costs because
existing utilities and land uses will be used (Asgharzadeh et al., 2022).

Land Cover:

Land cover provides important spatial information like built up areas, vacant land, agricultural land, waterbody
etc. In terms of constructing any infrastructure this kind of spatial information is essential. (Panagiotis et al. 2022).

2.2.2 Suitability Scoring and Final Weightage Determination

A combination of the Delphi Method and the Analytic Hierarchy Process (AHP) was used to evaluate and prioritize
factors for public EV charging stations site selection.

Delphi Method: The Delphi method was applied to standardize expert judgments and derive consensus-based
suitability scores for each criterion. Expert panel consisted of (urban planners, policy specialists, transport experts)
participated in multiple rounds of surveys to score the suitability of factors on a Likert scale. Feedback from earlier
rounds was shared to reach consensus. Final suitability scores were averaged for balance and objectivity.

AHP: To determine the relative weights of each factor in the composite suitability analysis, the AHP methodology
was applied. Initially, a hierarchical decision structure, highlighted in appendix A section, was first developed, and
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pairwise comparisons were performed by experts to assess the relative importance of each criterion. (Taherdoost,
2017). Secondly, a questionnaire was prepared and circulated among the respondents (managers, experts, Users,
and so on) in order to provide their opinions for developing a pair comparison matrix (Taherdoost, 2017).

Xll Xlz. . Xln
A — X21 Xzz e in
an XnZ"' Xnn
where A is a pairwise comparison matrix with element X,, denoting the relative importance of one parameter for
waterlogging versus another (Zghibi et al., 2020). Each expert initially assessed the relative importance of criteria
individually, which were then aggregated into a collective pairwise comparison matrix as per the Analytic
Hierarchy Process (AHP) framework (Taherdoost, 2017). A 1-9 scale was used to compare each criterion's
importance, with the preference scale detailed in Appendix A. To ensure reliability, the Consistency Ratio (CR)
was calculated by comparing the Consistency Index (CI) with the Random Index (RI); a CR < 0.1 was required
for acceptable consistency (Saaty, 2001; Zghibi et al., 2020). Any inconsistencies were corrected before final
weights were synthesized and used to prioritize the criteria (Darko et al., 2018).

3 Results and Discussion

3.1 Suitability Maps Based on Individual Criteria

Each criterion was standardized on a 1 to 5 scale based on its relevance to EV charging infrastructure sitting, with
detailed classification provided in Appendix A. Here, the road network map highlighted corridors within 10-100
meters of highways as highly suitable because of proximity and accessibility. Moderate elevations (10-100 meters)
were preferred to minimize flood risk common in low-lying areas and avoid the construction challenges which
offers topographic stability, accessibility, and resilience, making it ideal for EV infrastructure. Flood-prone areas
were deprioritized, with the safest zones receiving top scores. Geologically stable regions such as those with
Madhupur clay and Bhuban formations ranked highest, while unstable soils were less suitable. Land cover analysis
emphasized vacant and agricultural lands for low-impact development which is less challenging land acquisition
than built-up or ecologically sensitive zones. Finally, locations near dense clusters of services—such as fuel
stations, food outlets, transit nodes, and commercial areas were marked highly suitable based on proximity and
accessibility. These individual thematic maps provided critical spatial insights into the contribution of each factor
prior to the final weighted overlay analysis to identify suitable locations for EV charging station.
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3.2 Final Suitability Map and Composite Analysis
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The final composite suitability map was derived through weighted overlay analysis, combining the six criteria
raster layers using AHP-derived weights. The weights, summarized in table 2, reflect the expert-ranked
significance of each factor in the decision-making process:

Table 1. Final Weightage of Suitable Location of EV Charging Station

Criteria Weightage
Road Network 28%
Flood Prone Area 12%
DEM 8%
Geology 12%
Transport Amenities & Activity Centers 22%*
Land Cover 18%

The final suitability map figure 3, presents a comprehensive spatial gradient of EV charging station suitability
across Bangladesh, classified into five categories ranging from “Not Suitable” (1) to “Highly Suitable” (5). The
suitability analysis for EV charging station placement across Bangladesh reveals a spatially diverse pattern
influenced by topography, infrastructure, and environmental constraints. The final weighted overlay weightage can
be seen from the table, the most suitable lands (score 5 and 4) are predominantly located along the national
highways, especially in the central, northwestern, and southeastern corridors. This distribution aligns with key
transportation arteries, reflecting optimal road accessibility, urban activity concentrations, and stable geological
and flood conditions. These areas represent logical and cost-effective locations for charging infrastructure due to
existing road density and urban mobility demand. In contrast, moderately suitable regions (score 3) are
concentrated in the central and northern zones, where access to transportation facilities is average, and terrain is
relatively stable. Areas with low, suitability scores (score 1 and 2) are majorly located along the coastal south,
northeast, hills region, sensitive ecological areas. These areas are susceptible to flooding, instabilities in the slopes,
and road accessibility, thus hindering installation of EV solutions impractical unless a substantial mitigation
measure is implemented. According to this extensive spatial analysis, it has been seen that around 46 ideal sites
have been identified as being very suitable in construction of EV station. These suggested locations are not
clustered and provide fair and strategically placed coverage along primary transport corridors, which enables the
connection between cities and leads to the development of a national EV charging corridor.

Figure 3. Final Suitability Map for Installing EV Charging Station
4. Conclusion

In this research, MCDM framework based on GIS and the combination of Delphi and AHP was used to identify
suitable public EV charging stations in Bangladesh. Final weightage of parameters obtained by expert consensus
and normalized according to the AHP standards of consistency ratio, which was 0.07 and within satisfactory logical
coherence (CR < 0.1) (Saaty, 1980). In locating suitable sites for EV charging station, weightage of road network
access (28%), transport amenities and activity centers (22%), land cover (18%), flood-prone lands (12%), geology
(12%), and digital elevation (8%) is obtained that are within the common ranges of similar GIS-MCDM related
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studies (Chen et al., 2021; Yildirim and Demir, 2020; Afshari et al., 2021). The final suitability map gave higher
potential areas along national highways and peri-urban corridors with low suitability shown in flood prone and
ecologically sensitive areas. Around 46 ideal locations were located, which provides an orderly basis of creating
an EV corridor on a national level. The presented framework can help in policy making and provide evidence-
based EV infrastructure planning.
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