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Abstract The adoption of electric vehicles (EVs) in Malaysia is progressing rapidly, and the
development of electric vehicle charging stations (EVCSs) is following suit. Despite this growth,
the integration of solar power into these stations remains limited. To address this, it is essential to
consider various criteria and parameters when selecting ideal locations for photovoltaic electric
vehicle charging stations (PEVCSs) in Malaysia. This study aims to identify suitable locations for
PEVCSs using the Analytic Hierarchy Process (AHP) method. The AHP method evaluates the
weightage of criteria based on the judgments of seven experts from diverse fields, ensuring a
multidisciplinary perspective. Six main criteria and twelve sub-criteria are assessed, drawing from
comprehensive literature, needs analysis, and instrument validation. The results demonstrate that
the consistency ratio (CR) for all pairwise comparisons is below 0.1, reflecting high reliability and
consistency. 'Economy' emerged as the most influential and critical criterion, with a weight of
0.226210. Following closely is 'Proximity' with a weight of 0.208390 and 'Technology' with a
weight of 0.205632. Finally, the findings are expected to offer valuable insights for policy makers
and industry stakeholders, facilitating informed decision-making in the planning and development
of sustainable charging infrastructure in Malaysia.

Keywords: Analytic Hierarchy Process (AHP), criteria, photovoltaic electric vehicle charging stations
(PEVCS), Malaysia.

Introduction

Imagine a world where electric vehicles (EV) glide silently on the roads, yet a small voice of doubt creeps
in: What if we cannot find a charging station (CS) when we need it? This feeling, known as range anxiety,
is a real concern for EV users everywhere. According to Liu et al. [1], range anxiety and driver charging
behaviour are crucial factors to consider when installing EVCSs along routes. Therefore, the availability
of electric vehicle charging stations (EVCS) is essential to eliminate range anxiety and promote the
widespread adoption of EVs. Owing to that, the distribution of EVCS in Malaysia reflects the growing
demand for EVs [2]. The main reason most drivers prefer internal combustion engine (ICE) vehicles over
EVs is the scarcity of CS along their routes [3]. Additionally, research conducted by various scholars
indicates that the demand and trend for electric vehicles (EVs) in Malaysia have been increasing
annually, especially since 2015 [4]. Indeed, an ideal CSs is essential to ensure the widespread
acceptance and competitiveness of EVs [5].

Nowadays, global carbon emissions have reached a record high. According to the International Energy
Agency [6], the transport sector is one of the top three contributors to carbon emissions, accounting for
22% of carbon dioxide emissions in Malaysia by 2021. The high energy demand and environmental
destruction can be addressed by using renewable energy sources (RES) such as solar, wind, and
biomass [7]. Bilal et al. [8] further mentioned that integrating RES with EVCS can alleviate environmental
and economic issues. Thus, due to its availability and ease of installation, photovoltaic (PV) energy is
the most suitable clean energy source among all RES [9]. Most importantly, the deployment of
photovoltaic electric vehicle charging stations (PEVCS) is essential to boost the adoption of EVs among
Malaysians. Markedly, installing PEVCS can address range anxiety among EV users and provide
environmental benefits, thereby encouraging the broader adoption of EVs [10].
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Furthermore, the installation of PEVCS required careful consideration of several criteria and parameters
to ensure it is allocated in the most suitable locations. Nevertheless, the evaluation of criteria is crucial
when addressing more significant topics [11]. By establishing a set of selection criteria and aiding in the
process of choosing among multiple alternatives, multi-criteria decision-making (MCDM) methods such
as Analytic Hierarchy Process (AHP), Analytic Network Process (ANP) and so on serve as tools for
minimizing bias in decision-making [12]. According to Kencana [13], AHP has been widely used across
various sectors because it offers a rigorous and statistical method to evaluate and prioritize groups,
which is essential for the effective use of resources and the prompt resolution of complex issues.
Correspondingly, pairwise comparison matrices are used in AHP to rank and determine the overall
weight of each parameter or criterion [14].

Besides, Madzik and Falat [15] indicated that AHP has a significant research impact in the field of MCDM,
particularly in the fields of engineering, computer science, business, and decision sciences. At the same
time, the AHP methodology has proven to be widely applicable across various transportation-related
disciplines, with its popularity in the industry growing steadily over the years [16]. Hence, the AHP method
is used in this study to calculate the criteria weights to identify which criteria are most preferred by the
decision-makers (DMs). Moreover, society, economy, environment, technology, accessibility, and
proximity aspects are considered, with twelve sub-criteria underlying each main criterion, to allocate
suitable PEVCS locations in Malaysia. Therefore, this study aims to identify suitable locations for PEVCS
using the AHP method. Section 2 reviews the selection problem related to the AHP method. Section 3
describes the study's methodology, while Section 4 reports and discusses the results. Finally, Section 5
concludes by outlining the study's recommendations and future directions.

Literature Reviews

Analytic Hierarchy Process (AHP) in Various Fields

Many studies in the literature focus on selection using MCDM approaches, with particular emphasis on
those employing the AHP method. The criteria weights for landslide site selection are calculated using
the AHP method integrated with Geographic Information System (GIS) [17]. Alwedyan [18] selected the
ideal location for a casual-dining restaurant and identifies the critical factors affecting the selection by
employing the AHP method with Expert Choice software. The AHP method is also used to determine the
most ideal location for an Urban Consolidation Center (UCC) from a sustainability perspective using a
web-based AHP online system (AHP-OS) [19].

Besides, to assess hotel service quality, the AHP method is implemented to calculate criteria weights
using Expert Choice software [20]. The AHP method is employed to evaluate transportation alternatives
on the Karkh side of Baghdad [21]. Srebrenkoska et al. [22] stated that the selection of a flexible
production system is solved using the AHP method. The four aspects including pre-qualification, project
management, technical, and commercial are assessed in selecting contractors using the AHP method
[23].

In addition, Borri et al. [24], the AHP method is implemented in Super Decision software to compare the
ranking results of 30 areas for replacing network infrastructure with fiber optic networks. Srdjevic et al.
[25] combined the AHP and Best-Worst Method (BWM) to evaluate the criteria weights of urban park
quality, finding both methods to be efficient and effective decision support tools. Furthermore, Li and
Gao [26] used the AHP method and Genetic Algorithm (GA) to determine influencing factors in English
majors' achievements.

According to Wang [27], the AHP method assisted in choosing and employing personnel in military
sports. A construction industry company is seeking a new business partner and using the AHP method
with Expert Choice software to calculate the criteria weights [28]. Additionally, Abdul Rahman et al. [29]
used the AHP method to determine the most preferred criteria for selecting the best supplier for a printing
company, while the Decision-Making Trial and Evaluation Laboratory (DEMATEL) method identifies the
influence and interrelationships among criteria. Finally, Tang [30] applied the AHP method for user
requirement analysis, considering three main criteria: product, market, and company.

Criteria Involved in Allocating of EVCS and PEVCS

To determine the ideal location for EVCS or PEVCS, several criteria must be considered based on
literature from past studies. First and foremost, the roadways, population density, accessibility, and
environmental impact are evaluated in determining the best locations of EVCS by using TOPSIS method
[31]. Six main criteria particularly environmental, societal, economic, political, technical, and traffic are
assessed using the DEMATEL and Complex Proportional Assessment (COPRAS) methods to allocate
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EVCS [32]. The Stepwise Weight Assessment Ratio Analysis (SWARA) and TOPSIS methods are
integrated with GIS to determine the optimal location of EVCS by considering social and urban aspects
[33]. Zhao et al. [34] used GIS-based Fuzzy DEMATEL and Fuzzy Multi-Objective Optimization by Ratio
Analysis plus the Full Multiplicative Form (MULTIMOORA) to find ideal locations for PEVCS, considering
economic, social, technical, and natural elements.

Additionally, Priefer and Steiger [35] found that proximity to users is the highest-weighted criterion for
placing suitable EVCS locations using GIS-based AHP. Otherwise, Ghodusinejad et al. [36] indicated
that the vicinity of two main squares is the most suitable place for PEVCS. While, three main factors are
considered such as environmental/geographical, economic, and urbanity in allocating the EVCS
locations [37]. Feng et al. [38] reported that operation and maintenance costs are the most preferred
criteria under the economic aspect for installing EVCS. Karolemeas et al. [39] found that proximity to
public services is the least preferred criterion for ideal EVCS placement, using semi-structured interviews
and the AHP method. Lee et al. [40] identified three key indicators, including charging demand, user
convenience, and ease of installation to determine the perfect EVCS locations in their country.

Methodology

Research Design

The process of planning and executing empirical studies, incorporating both quantitative and qualitative
approaches to gather cross-sectional and time-series data across different geographic locations and
periods, is known as research design [41]. This study employed a quantitative approach, specifically
utilizing a survey method with an AHP questionnaire divided into three sections: Section A
(Demographics of Respondents), Section B (Selection of Main Criteria), and Section C (Selection of Sub-
Criteria). The questionnaire is distributed to a targeted sample of experts and includes the main criteria
and sub-criteria relevant to selecting suitable locations for PEVCS in Malaysia.

Based on a literature review of EVCS and PEVCS allocation from 2015 to 2023, six main criteria and
177 sub-criteria are identified. Of these, 52 sub-criteria are selected for a needs analysis based on the
geographical features in Malaysia, and 41 sub-criteria are chosen to develop the instrument [42].
Following a third round of instrument validation and incorporating feedback from experts, the number of
sub-criteria is reduced to 12. After finalizing the criteria, the revised AHP questionnaire is distributed to
experts for validation of their judgments. The AHP method is then applied to calculate and rank the
criteria weights to determine the most preferred criteria. Thus, the flowchart of methodology is displayed
in Figure 1.
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Figure 1. The flowchart of methodology
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Respondent

The key informants in this study are a group of experts, referred to as decision makers (DMs). According
to Islam et al. [43], data collection in AHP predominantly involves expert judgments, including obtained
through interviews. Experts are selected based on specific criteria, such as their knowledge and
informativeness in the field. Besides, AHP studies typically use small sample sizes [44]. For example,
research on identifying ideal locations for EVCS and PEVCS using the AHP method has involved various
groups of experts: three experts including EV users and academicians [45], [46], four experts comprising
practitioners, policy makers, and academicians [47], [48], ten experts consisting of academicians and
practitioners [49], and twelve experts, including project consultants, academicians, and prelectors [50].
For this study, seven experts are selected from various fields, including academician (specializing in
mobility and Geographic Information Systems (GIS)), EV user, EVCS owner, policy makers, and
practitioner. In addition, this aligns with the pattern set by past studies [45], where the number of experts
ranged from three to twelve, ensuring that seven experts are adequate to represent a well-rounded and
multidisciplinary perspective. Detailed profiles of the respondents are highlighted in Table 1.

Table 1. Detailed profiles of the respondents

Expert 1 2 3 4 5 6 7
Gender Male Male Female Male Male Male Male
Race Malay Malay Malay Malay Malay Malay Malay
Age group 45-54 45-54 25-34 45-54 45-54 35-44 45-54
Highest academic Bachelor’s Bachelor's Bachelor’'s Master’s
. Doctorate Doctorate Doctorate
achievement degree degree degree degree
Working experiences 21 years 5 years and 21 years 21 years 21 years 16-20
16-20 years
(years) and above below and above and above and above years
Types of stakeholders ~ Academician EV user Academician  Practitioner EVCS Policy Policy
owner makers makers
Do you own an EV? No Yes No No Yes No No
If not, do you plan to Yes ) No Yes . Yes No
have one?
Source: Author's original study.
Instrument

During the instrument development process, a total of 41 out of 52 sub-criteria are initially selected. To
ensure reliability, the instrument underwent validation by experts in Operational Research (OR) and
Multi-Criteria Decision-Making (MCDM). However, as the Content Validity Index (CVI) did not meet the
required standard, three rounds of validation are conducted. On the other hand, the number of sub-
criteria is reduced to 12 to improve focus and applicability, based on experts' feedback. After all, aligning
with expert feedback and ensuring a robust framework for analysis, this study finalized the selection of
6 main criteria and 12 sub-criteria. An instrument is crucial for data collection, and in this study, the AHP
questionnaire serves this purpose. The AHP questionnaire, used as part of the survey instrument, is
divided into three sections. Section A detailed the demographics of respondents as shown in Figure 2.
Besides, Section B included the pairwise comparison for selecting main criteria as displayed in Figure 3,
and Section C in Figure 4 covered the selection of sub-criteria, following Saaty's scale from 1 to 9. To
ensure better understanding, the questionnaire is presented in both Malay and English. This study also
included an appendix featuring instructions on completing the AHP questionnaire, which are illustrated
in a figure and located in the appendix section dedicated to the questionnaire.
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SECTION A: DEMOGRAPHICS OF RESPONDENTS
BAHAGIAN A: DEMOGRAFI RESPONDEN

Instruction: Please tick (/) to the relevant information.

Arahan: Sila tandakan (/) pada maklumat yang berkaitan

1. Gender / Jantina Male / Lelaki
Female [ Perempuan

2. Race/ Bangsa Malay [ Melayu
Chinese | Cina
Indian / India

Others (please specify):
Lain-lain (sila nyatakan)

3. Age group / Kumpulan umur 18-24
25-34
35-4
45 - 54
=55

Figure 2. The respondents' demographics. Source: Author's original study

SECTION B: SELECTION OF MAIN CRITERIA

BAHAGIAN B: PEMILIHAN KRITERIA UTAMA

Instruction: The following items pertain to the main criteria that could be utilized for the allocation of PEVCS in Malaysia. Please indicate, by
circling a number on the scale, which main criteria you consider more important when comparing these criteria. Circle on the left if a criterion is
more likely to fulfill main criteria 1, and on the right if it is more likely to meet main criteria 2. A single circle is needed in each row for comparison.
Further details about the scale and criteria descriptions are provided in the Appendix.

Arahan: Item berikut berlaitan dengan kriteria utama yang boleh digunakan untulk menempatkan PEVCS di Malaysia. Sila nyatakan, dengan
membulatikan nombor pada skala, kriteria utama yang anda anggap lebih penting apabila membandingkan kriteria ini. Bulatkan di sebelah kiri
Jika kriteria lebih berkemungkinan memenuhi kriteria utama 1, dan di sebelah kanan jika lebih berkemungkinan memenuhi krteria utama 2. Hanya

satu bulatan diperlukan dalam setiap baris perbandingan. Butiran lanjut tentang skala dan huraian kriteria disediakan dalam Lampiran

Scale | Skala
1 3 5 7 9 2,4, 6,8
Equal Moderate Strong Very strong Extreme An intermediate value between two
Importance  importance importance importance importance adjacent considerations
Kepentingan Kepentingan Kepentingan Kepenfingan yang Kepentingan yang Nilai pertengahan antara dua
sama sederhana yang kuat sangat kuat amat kuat pertimbangan bersebelahan
Extreme Equal Extreme
Amat kuat Sama Amat kuat
Left/ Kiri Right / Kanan
Main criteria Scale Main criteria
Kriteria utama Skala Kriteria utama
Society Economy
Masyarakat 9/8|7|6/5(4/3|2 1 |2|3/,4|5/6|7|8|9 Ekonomi
Society 9le|7|6|5(aa]2| 1 |2|3|/4|5|6|7 8|0 Environment
Masyarakat Persekitaran
Socety 9|8|7|6|5(4/3|2| 1 |2|3]4|5/6|7|8]0 Technology
Masyarakat Teknologi

Figure 3. The selection of main criteria. Source: Author's original study
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SECTION C: SELECTION OF SUB-CRITERIA
BAHAGIAN C: PEMILIHAN SUB-KRITERIA

Instruction: The following items pertain to the sub-criteria that could be utilized for the allocation of PEVCS in Malaysia. Please indicate, by
circling a number on the scale, which sub-criteria you consider more important when comparing these criteria. Circle on the left if a criterion is
more likely to fulfill sub-criteria 1, and on the right if it is more likely to meet sub-criteria 2. A single circle is needed in each row for comparison.
Further details about the scale and criteria descriptions are provided in the Appendix.

Arahan: Item berikut berkaitan dengan sub-kriteria yang boleh digunakan untuk menempatkan PEVCS di Malaysia. Sila nyatakan, dengan
membulatkan nombor pada skala, kriteria utama yang anda anggap lebih penting apabila membandingkan kriteria ini. Bulatkan di sebelah kiri
jika kriteria lebih berkemungkinan memenuhi sub-kriteria 1, dan di sebelah kanan jika lebih berkemungkinan memenuhi sub-kriteria 2. Hanya
satu bulatan diperlukan dalam setiap baris perbandingan. Butiran lanjut tentang skala dan huraian kriteria disediakan dalam Lampiran.

Scale / Skala
1 3 5 7 9 2,4,6,8
Equal Moderate Strong Very strong Extreme An intermediate value between two
Importance  importance importance importance importance adjacent considerations
Kepentingan Kepentingan Kepentingan Kepentingan yang Kepentingan yang WNilai perfengahan antara dua
sama sederhana yang kuat sangat kuat amat kuat pertimbangan bersebelahan
Main criteria: Society | Kriferia utama- Masyarakat
Extreme Equal Extreme
Amat kuat Sama Amat kuat
Left | Kin * * Right / Kanan
Sub-criteria Scale Sub-criteria
Sub-kriteria Skala Sub-kriteria
Service capability Research and education
Keupayaan perkhidmatan 9|8|71615/413/2] 1 12/3/4/5/6/7/8/9 Penyelidikan dan pendidikan

Figure 4. The selection of sub-criteria. Source: Author's original study

Analytic Hierarchy Process (AHP)

The AHP method, developed by Thomas L. Saaty, is a general theory of measurement designed to solve
complex decisions in a hierarchical form, ranking options, or alternatives effectively [5 ], [52]. To address
various complex objectives, AHP appears to be an ideal method for solving location-allocation decisions
[19]. The consistency ratio (CR) is used to evaluate the consistency of judgements; a CR value of 0.1 or
less is deemed acceptable [51]. The elements in the pairwise comparison are compared, and the primary
eigenvector is obtained to get the priority weight [51]. Additionally, the most preferred criteria are
determined using the AHP method, which is an established technique for calculating the weights of
selected decision criteria [53]. This study employs the AHP method, which incorporates group judgments
from experts to determine the weight of criteria. Additionally, the most effective method for combining
different pairwise comparisons into a single representative result is the weighted geometric mean [54],
[56]. On the other hand, the Aggregating Individual Judgements (AlJ) approach can be used by
calculating the geometric mean of individual judgments for each element in the pairwise comparison
matrices [48].

In this study, six main criteria are established using the AHP method: society, economy, environment,
technology, accessibility, and proximity. Each main criterion has its own sub-criteria, totalling 12 sub-
criteria. The study is structured hierarchically with three levels: goal, main criteria, and sub-criteria, as
shown in Figure 5. Subsequently, after creating the pairwise comparison matrix, the consistency is
evaluated. For the pairwise comparisons to be accepted, the consistency ratio (CR) must be less than
or equal to 0.1.
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GOAL

Determine the ideal locations for PEVCS in Malaysia

MAIN CRITERIA

MAIN CRITERIA

MAIN CRITERIA

MAIN CRTIERIA

MAIN CRITERIA

MAIN CRITERIA

Society

Economy

Environment

Technoclogy

Accessibility

Proximity

SUB-CRITERIA

SUB-CRITERIA

SUB-CRITERIA

SUB-CRITERIA

Service capability

Construction cost

SUB-CRITERIA
Research and
education

Distance of

Power quality

landslide risk influence
SUB-CRITERIA SUB-CRITERIA
Flooding risk System
security

SUB-CRITERIA

Park areas

SUB-CRITERIA
Proxmity to petrol
stations

SUB-CRITERIA
Number of installed
rapid charging
stations

SUB-CRITERIA
Number of
charging
connectors

SUB-CRITERIA
Solar energy
potential

Figure 5. The hierarchy for determining the ideal locations for PEVCS in Malaysia. Source: Author's original study

In general, the AHP method involved four main steps [43], [47], [48], [52], [57]-[59]:

i. Determine the problem: Define the problem, which in this study is to identify the ideal locations
for PEVCS in Malaysia.

ii. Construct the hierarchy: The hierarchy comprises a goal, criteria, and alternatives. In this
study, the hierarchy consists of one goal at Level 1, supported by six main criteria at Level 2
and twelve sub-criteria at Level 3.

iii. Construct a pairwise comparison matrix: Develop a pairwise comparison matrix using a ratio
scale from one to nine, known as Saaty's scale, as shown in Table 2. Besides, the criteria
weights are identified. Utilize AlJ to calculate the geometric mean of individual judgments for
each element in the pairwise comparison matrices. The geometric mean of individual judgments
can be calculated manually in Microsoft Excel before entering the data into Super Decision
software. Then, the CR is calculated to estimate the level of consistency between pairwise
comparisons. If the CR is 0.1 or below, the evaluations are considered highly consistent.

Table 2. Scale of pairwise comparison by (T. L. Saaty, 2008)

Scale Definition Explanation

1 Equal Importance Both criteria are equally important

3 Moderate importance One criterion is slightly more important than the
other

5 Strong importance One criterion is strongly more important than the
other

7 Very strong importance One criterion is very strongly more important than

the other
9 Extreme importance One criterion is extremely more important than the

other

An intermediate value between two adjacent

2,4,6,8 ; .
considerations

Represents a compromise between two scales
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iv. Establish the ranking: Rank the criteria, including both main criteria and sub-criteria, based
on their calculated weights. The greater the weight, the more preferred the criterion, but the
value cannot exceed 1 and must be a non-negative number [60].

Results and Discussion

Demographic of Respondents

Based on Table 3, most experts are male, accounting for 85.71%, while females make up only 14.29%.
All experts are Malay, with the majority (71.43%) falling within the 45-54 age group, and the remainder
are aged 25-44. The demographic profile of the respondents revealed that a majority were of Malay
ethnicity. While this reflects the national majority population, it does introduce a limitation in terms of
representativeness. In addition, Malays comprised 58.1 percent of the population (up from 57.9 percent
in Q3 2023), while the proportions of Chinese and Indian declined slightly to 22.4 percent and 6.5 percent
(from 22.5 percent and 6.6 percent, respectively), and the share of Other Bumiputera remained steady
at 12.3 percent in the third quarter of 2024 [61].The highest academic qualifications among the experts
are Doctorate (42.86%), Master's Degree (14.29%), and Bachelor's Degree (14.29%), indicating a well-
educated and knowledgeable group in this field. Besides, in terms of work experience, 51.74% of the
experts have 21 years of experience, 28.57% have 16-20 years, and 14.29% have 5 years or less. This
extensive experience contributes to the reliability of their responses. In addition, the experts come from
various stakeholder groups: academicians (28.57%), policy makers (28.57%), EV users (14.29%), EVCS
owners (14.29%), and practitioners (14.29%). Additionally, only 28.57% of the experts currently own an
EV, while the majority do not. Among those who do not own an EV, 60% plan to acquire one in the future,
suggesting that EV adoption among them is still relatively low.

Table 3. Summary of respondent profiles

Frequency, N Percentage (%)
Gender Male 6 85.71
Female 1 14.29
Malay 7 100.00
Chinese - -
Race .
Indian - -
Others - -
18-24 - -
25-34 1 14.29
Age group 35-44 1 14.29
45 - 54 5 71.43
>55 - -
Sijil Pelajaran Malaysia - -
Diploma - -
Highest academic achievement Bachelor’'s degree 3 42.86
Master’'s degree 1 14.29
Doctorate 3 42.86
< 5 years 1 14.29
6 — 10 years - -
Working experiences (years) 11— 15 years - -
16 — 20 years 2 28.57
> 21 years 4 57.14
Academician 2 28.57
Policy makers 2 28.57
Types of stakeholders . Ele_ctric vehi_cle user ! 14.29
y Electric vehicle charging station owner 1 14.29
Practitioner 1 14.29
Others - -
. . Yes 2 28.57
Do you own an electric vehicle (EV)? No 5 7143
. Yes 3 outof5 60.00
If not, do you plan to have one? No 2 out of 5 40.00

Source: Author’s original study
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Criteria’s Weight

In this study, the relative importance of the criteria is assessed, and the hierarchical structure for
determining the ideal locations for PEVCS in Malaysia is developed using Super Decisions software, as
illustrated in Figure 6. Super Decisions software is employed due to its development by Thomas Saaty's
team and its user-friendly, free access, making it readily available and easy to use.

@ Main Network: Validation of expert judgment.sdmod: ratings
File Design Computations Help

© © Main Network: Validation of expert judgment.sdmod: ratings//

Information Panel _Judgments Ratings
g 6Proximity &3
:::::nz“’: ° 1Proximity to pe[l i}
Model Structure > Goal U]
Create/Edit Details ® | |/deal location of I3 m1
Show Prorites ® Main criteria |33
Make/Show Connections > - B Add Node...
1Society m
\ P BnE | 5Accessibility 3 EE3
) Add Node... ‘1Park area m‘
4Technology |[IE
e Add Node...
/ /\\B Add Node...
15ociety ) 2Economy EEE) | 3Environment BEE | 4Technology BEIE
1Service capabilm‘ ‘1Construction C( 1Distance of lan i@ [§] 1Power quality i 3 [E]
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3Number of inst [l [E)
4Number of cha |l 5]
o) AddNode... | Add Node... || Add Node... _m.. e
|

Figure 6. Hierarchical structure for determining the ideal locations of PEVCS in Malaysia. Source: Author's original study

Significantly, the pairwise comparisons provided by all seven experts are detailed in Tables 4-7. Using
this data, the geometric mean is calculated in Microsoft Excel with the formula “=GEOMEAN()” as
shown in Figure 7.

Table 4. Pairwise comparisons of the main criteria by all seven experts

Society Economy Environment Technology Accessibility Proximity
. 1—1—3—1-—-1- 1 101 1 11 1 1 1 11 1 1 1 11 1 1 1
Society 1 579 % -2 1-2-1 .12 1. 3-2q 2,112 1.1 1 .11 1. 5-4- 1
1 7 5 7 3 9 9 5 8 3 9 3 7 5 3 9 9 3 7 5
Economy  9-9-1-6-5-1-1 1 9-9-2.751-- 9-3-21.2.53.2  94-1.252171 95.1.l549
3 5 6 5 7 6 3 7 3 8
Envionment ~ 7-1-5-7-1-3-1 +---5-1.1.1¢ 1 1132922 1131943 1131444
9 9 7 5 9 9 9 5 8 9 9 8
Technology ~ 9-9-5-8-2-3-1 =-1.57-1.16 9.9.1.79.1.2 1 1s5-285-29 117531
3 9 5 3 3 2 2 9 3 3 9 3
Accessibility ~ 9-9-3-7-5-3-1  =-2-3-7-2-3-1  9-5-=-8-1---~ 9-13.1.13 1 2.lq-1914
9 4 5 3 4 3 5 5 9 6 8
1 1
Proximity 05775737 1.l3gl.ly g9.lgqly 9311l 9-6-1-8-1-1-1 1
5 9 5 5 4 3 4 7 5
Source: Author's original study
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Table 5. Pairwise comparisons of the sub-criteria for Society by all seven experts
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Service capability

Research and education

Service capability 1 7-9-5-8-5-4-2
Research and 111 1.1 1 1 1
education 7 9 5 8 5 4 2
Source: Author's original study
Table 6. Pairwise comparisons of the sub-criteria for Environment by all seven experts
Distance of landslide risk Flooding risk

Distance of 1 1 1
landslide risk 1 5-1-3-2-1-1- 5
Flooding risk 9-1- 3 -8-1-1-9 1

Source: Author's original study

Table 7. Pairwise comparisons of the sub-criteria for Technology by all seven experts.

Power quality Number of installed

Number of charging

Solar energy

influence System security rapid charging stations connectors potential
Po_werquahty 1 g-1-5-1_.1_1_1 rrr r 1. 1.1 ror 1. 1 1t 1.1 14211 449
Influence 8 5 3 9 8 9 3 9 3 4 8 8 9 5 9 3 5 4 7
System security 2.1-1.8-5-39 1 R . e 5-1-1 11-1.1539
8 5 9 9 5 8 2 9 8 3 9 4 9
Number of installed L s . L s
rapid charging 8-9-3-9-3-4-8 9-9-5-8- E -2-9 1 P -1- 5 -1-1-9 3 -9-----3-2-9
stations
Number of charging g g 5 9 353 9-9-5-8- = -3-9 8-7-1-9-1-1- = 1 8-9-1-1.3:2:9
connectors 5 9 9 9
Solar energy 4-1-7-9-1-1- 2 4-1-9-9-1.1.1 8-1.9.9-2.1. : 1.1g99. 1. 2.2 1
9 5 3 9 9 3 2 9 8 9 2 9

potential

Source: Author's original study

Moreover, Figure 7 shows that Microsoft Excel is used to calculate the geometric mean of the group
decisions made by all the experts, referred to as AlJ. Subsequently, as shown in Figures 8-11, these
geometric mean values are transferred to the Super Decisions software to evaluate consistency,

indicated by the CR, and to determine the criteria weights.
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B29 ~ Ji =GEOMEAN(B21:B27)
A [ c ] (] H ! ] K L M N o P
19
[15ociety, [15ociety, [150ciety, (26 (26 126 (26
0 2Economy) i ¥ i vl ity) ¥ ¥
Expert 1 ) yr 18 19 18 9 9 9 £l ) 13 18 19 19 1/9
21
Expert 2 19 1 s 19 9 3 4 B ] s e 5 1 6
2
Expert 3 3 1/s s 113 13 s /s 13 143 3 3 3 13 13 1
2
Expert 4 /6 7 s 7 117 7 117 7 8 yr 18 e 8 7 s
4
Expert S s 1 3 s B s 5 5 s 1 1 1 H 5 1
L
Expert 6 1 1/3 1/3 a 1 3 1/3 4 2 4 4 /3 3 1
%
Expert 7 1 1 1 s 16 1/ 1 1 2 3 1 1 1 1
a
8
0389520555 0315132772 0234670109 0421191291 1915157714 1098368227 116180472 1678269143 057650057 0719685673 0565607523 1137831241 1218117701  0.420243773
2
- \
3
1 !
» 1sodety | 2Economy i il &Proximity
15odety 0384151152 0389520555 0315132772 0234670108 0421191291
2Economy 2603142003 ) 1515157714 1098368227 116180472 1675269143
35
057650057 0719685673 0565607523

3Jenviranment [2567258615 0522150209
4Technology / 3173265646 0510441485 1734603662 1137831241 1214117701
v
-
Sawessibiity [ 4261301124 0850729848 1389495394 0878854953 0420244778

- 6proximity | 2374218132 0595851985 176801043 0823643375  2.379565579

Figure 7. Geometric mean calculation in Microsoft Excel. Source: Author's original study

Microsoft Excel (Main criteria):

1Sodiety 3E 4Ty I A ibili dmity
1Society 0.384151152  0.389520555 0.315132772 0.234670109 0421191291
2Economy 2603142003 1915157714 1098368227 116180472 1678269143
3Environment 2567258615  0.522150209 0.57650057 = 0.719685673 0565607523
[4Technology 3.173265646  0.91D441486 1734603662 1.137831241 1.214117701
SAccessibility 4261301124  0.860729848  1.389495494 0.878864953 0420244774
6Proximity 2374218132  0.595851985 176801043  0.823643375 2.379565579

Super Decisions (Main criteria):

€ Main Network: Validation of expert judgment.sdmod: ratings = =] X
File Design Computations Help
© © Main Network: Validation of expert judgment.sdmod: ratings //
Networ Wit s 0 igs
Net: 0 5 3 .
i 1. Choose 2. Node comparisons with respect to Ideal location of PE~ J 3. Results
Cluster: Node Cluster Graphical Verbal @ Questionnaire Direct Normal —4 Hybrid ~
Attachments . Choose Node ==/ Comparisons wrt “Ideal location of PEVCS in Malaysia” node in "Main criteria” cluster ; e I
2Economy is 2.603 times more important than 1Society - R
Model Structure . Ideal location~ — | e - e E N - 1Society 10.06308|
N Inconsistency conomy -~ nvironme~ |4Technolog~ |5Accessibi~ Toximity -~ I 2Econom 10.22621
Create/Edit Details @® Cluster Goal SEnvircnri- 5 75359,
1 ety ~ (1T 10 c| T T t+ : =
FE—— ® Choose Cluster s 5 25672¢| T aa7aze|T azetac|T 2.3742: aTechnolo~ 020563
e @  venciew | 200w - € 1.9151( 1.0083¢[€ [11618c[* 1.6782¢ 56*‘;:;5::; g;gggg
JEnvironmen T li7asec| T |1.3e04e T |1.7880¢ ]
ATechnolog~ € 1a7e:[€ 121411
SAccessibi~ t 23705

Figure 8. Transferring geometric mean values (Main criteria) from Microsoft Excel to Super Decisions software. Source:
Author's original study
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Microsoft Excel (Sub-criteria: Socie

1Service 2Research and
capability education
5.185373884

1Service capability
2Research and
education

0.192850125

Super Decisions (Sub-criteria: Socie

€3 Main Network: Validation of expert judgment sdmod: ratings — (u ] X

File Design Computations Help

© © Main Network: Validation of expert judgment.sdmod: ratings//

Network RGeS Sl s

Met: 0 - - A

v 1. Choose 2. Node comparisons with respect to 1Society J 3. Results

Cluster: Node Cluster Graphical VerbalQuestionnaile Direct MNomal — Hybrid —

Attachments . Choose Node <= Comparisons wit "1Society" node in "1Society” cluster Inconsistency: 0.00000
1Service capability is 5.185 times more important than 2Research al - —

Model Structure ® sy — | [o83833

i 2R h ~ =

Create/Edit Details » Gz Em B ::mﬂl — 2Research b1o1e7
et < BEE

Show Priarities @ Choose Cluster <! Q

Make/Show Connections . 1Society - ‘

Figure 9. Transferring geometric mean values (Sub-criteria: Society) from Microsoft Excel to Super Decisions software.
Source: Author's original study

Microsoft Excel (Sub-criteria: Environment):

1Distance of 2Flooding risk
landslide risk

1Distance of 0.463987849

landslide risk

2Flooding risk 2.155228856

Super Decisions (Sub-criteria: Environment):

€3 Main Network: Validation of expert judgment sdmod: ratings

- o ®
File Design Computations Help
© @ Main Network: Validation of expert judgment.sdmod: ratings//
Network idgimentsn s W Ratings
Net:0 ; A .
" 1. Choose 2. Node comparisons with respect to 3Environment - | 3. Results
Cluster: Node Cluster Graphical Velbal Questionnaire Direct Normal _;l Hybrid —4
Attachmants @ Choose Node = Comparisons wrt "3Environment” node in "3Environment” cluster Inconsistency: 0.00000
2Flooding rigk is 2.155 times more important than 1Distance of landslide ris =aL
Model Structure ® Evioment — 1Distance~ 0.31693]
i 2Floading ~ | e
Create/Edit Details @ Cluster: Main criteria M ooene 2Flooding~] — |0.68307
; T
1Distance ~ 12,1552
Show Priorities @ Choose Cluster </ le e
Make/Show Connections . IEnvironment. = |

Figure 10. Transferring geometric mean values (Sub-criteria: Environment) from Microsoft Excel to Super Decisions software.
Source: Author's original study
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Microsoft Excel (Sub-criteria: Technology):

1Power quality  2System security
influence

3Number of
installed rapid CSs.

ANumber of
charging

SSolar energy
potential

connectors.

1Power quality 0.18294492

influence

25ystem security

0.671756907 0.17660567

0621245332

1.488633744 0.262435018 0.247665715  0.88243781

INumber of installed  5.662332345  3.810467097 0.562676508  0.95973561

rapid ¢ss

ANumber of charging 5466126099
connectors

4.037700578

1.777219815 1.738510506

SSolar energy 1609670043  1.133224334 1.041953627 0.575205037

potential

Super Decisions (Sub-criteria:

| Main Network: Validation of expert judgment.sdmod: ratings

file Design Computations Help

© @ Main Network: Validation of expert judgment.sdmod: ratings //

Network GRS R ings
Net: 0 . =
s 1. Choose 2. Node comparisons with respect to 4Technology J 3. Results
Cluster: Node Cluster Graphical Verbal ‘Questionnaire Direct Normal —t Hybrid —
Attachments . Choose Node <= Comparisons wrt "4Technology"” node in "4Technology” cluster Inconsistency: 0.04455
2System security is 1.489 times more important than 1Power quality influe = = — 067007
ki @ _Tecnolegy = Inconsisten “)Sy"w“ 3INumber ol-‘dNumbcr ][R ‘ gosly
e @ Cluster: Main criteria """ ] . EEL 010107
i T pEEEE|T seexz|t s4eetz|T 1.60067 SHumber o 027568
Show Priorities @ Choose Cluster <=/ o : § R i 4Number o] 0.37769)
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3Mumber of T 2T osree
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Figure 11. Transferring geometric mean values (Sub-criteria: Technology) from Microsoft Excel to Super Decisions software.
Source: Author's original study

The CR value for the pairwise comparison of the main criteria is 0.03271. For the sub-criteria of society
and environment, it is 0.0000, and for technology, it is 0.04455. According to Abdul Rahman et al. [29],
a CR value of less than or equal to 0.1 signifies consistent expert judgment, while Nazri et al. [62] states
that a CR value of 0 indicates perfect consistency. Therefore, the CR values, all below 0.1, demonstrate
that the experts' judgments are reliable and acceptable. Subsequently, priorities are generated from the
Super Decisions software based on the geometric mean, as shown in Figure 12.

@ Main Network: Validation of expert judgment.sdmo... — O X
Here are the priorities.
lcon Name Normalized by Cluster | Limiting

No lcon| 1Service capability 0.83834 0.026432

No lcon|2Research and education 0.16166 0.005097

No Icon| 1Construction cost 1.00000 0.113105

No lcon| Distance of landslide 031693 0.019526

risk

No Icon| 2Flooding risk 0.68307 0.042083

No lcon| 1Power quality influence 0.07007 0.007204

No lcon| 2System security 0.10106 0.010391

No lcon| Number of installed [ 027667 [0.028446

rapid charging stations

No lcon| Humber of diarging [ 037760 0.038833
connectors

No lcon| 5Solar energy potential 0.17451 0.017942

No lcon|  1Park area 1.00000 0.086746

Nolcon| ' Froimity fo petrol [ 1.00000 [0.104195
stations

No Icon| '4ea! location of PEVCS [ 000000 [0.000000
in Malaysia

No Icon 1Society 0.06306 0.031529

No Icon| 2Economy 0.22621 0.113105

No Icon| 3Envirenment 0.12322 0.061609

No lcon| 4Technology 0.20563 0.102816

No Icon|  5Accessibility 0.17349 0.086746

No lcon|  6Proximity 0.20839 0.104195

Okay| Copy Values |

Figure 12. The priorities of the criteria. Source: Author's original study
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Table 8. Weight of criteria
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Furthermore, the calculation results yield the overall priority for the six main criteria and twelve sub-
criteria, as shown in Table 8. This priority highlights the most influential criteria for determining the ideal
locations for PEVCS in Malaysia. The results revealed that 'Economy’ is the most influential and critical
main criterion, with a weight of 0.226210. The next most significant criteria are 'Proximity' with a weight
of 0.208390 and '"Technology' with a weight of 0.205632. These three criteria are essential for identifying
the strategic locations for PEVCS in Malaysia. Significantly, the high value assigned to the economic
aspect underscores its central role in selecting the location for the CS, emphasizing that economic factors
should be the focus and priority in decision-making for developing the ideal PEVCS locations.

Another key point, the proximity of PEVCS to one another addressed the practical concerns of EV users
needing convenient charging locations. Similarly, the technological aspect is crucial for identifying ideal
PEVCS sites, as EVs are inherently dependent on technology for their operation and management. To
point out, the society factor is the less preferred by all the DMs with the weight of 0.063058. The findings
of this study align with and complement prior research on the topic, highlighting the variation in priority
criteria depending on regional and contextual factors. In this case, the dominance of Economic and
Social aspects (60.8%) is emphasized in Janchomphu et al. [63] outcomes, which reflect this study's
identification of the economy as the most crucial criterion. Similarly, Genevois and Kocaman [64] found
that parking conditions were the most significant for EV users, while accessibility ranked second, which
aligns with the importance of 'Proximity' in this study. Kaya et al. [49] highlighted transportation aspect
as the key criterion, with sub-criteria like parking lots playing an important role. The similarities in
emphasizing economic and accessibility aspects across studies demonstrate the reliability and relevance
of this study's results, while the contextual differences underscore the need for localized criteria
prioritization in developing optimal PEVCS locations. Owing to that, developing an EV ecosystem in the
city is challenging due to public scepticism about EV performance, infrastructure, and costs, but focusing
on social factors like charging station services and societal impact may help lessen these concerns [64].

Main Criteria

Weight

Percentages Rank  Sub-criteria Local weight Global weight Percentages Rank

Society

0.063058

Service 0.83834 0.052864 5.2864% 7
capability

6.3058% 6 Research
and 0.16166 0.010194 1.0194% 12
education

Economy

0.226210

22.6210% 1 Conzgls‘tct'o” 1.00000 0.226210 22.6210% 1

Environment

0.123218

Distance of

. . 0.31693 0.039052 3.9052% 8
landslide risk

12.3218% 5

Flooding risk 0.68307 0.084166 8.4166% 4

Technology

0.205632

Power
quality 0.07007 0.014408 1.4408% 11
influence
System
security
Number of
installed
rapid 0.27667 0.056892 5.6892% 6
20.5632% 3 charging
stations

0.10106 0.020782 2.0782% 10

Number of
charging 0.37769 0.077666 7.7666% 5
connectors

Solar energy

potential 0.17451 0.035884 3.5884% 9

Accessibility

0.173492

17.3492% 4 Park areas 1.00000 0.173492 17.3492% 3

Proximity

0.208390

Proximity to
20.8390% 2 etrol 1.00000 0.208390 20.8390% 2
p
stations

Source: Author's original study
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Indeed, the sub-criterion 'Construction Cost' ranks first with a weight of 0.226210, highlighting the
importance of cost considerations in installing PEVCS. This factor is crucial for ensuring a balance of
benefits for both investors and EV users. As emphasized by Farah and Syahirah [66], the economic
aspect serves as a key indicator when calculating the overall spending plan and assessing costs and
potential revenues for investors and stakeholders involved in PEVCS deployment. Besides, 20.8390%
of experts agreed that PEVCS should be located near petrol stations. Proximity to petrol stations
facilitates easier access for EV users, as these locations are typically well-positioned and accessible,
often situated along highways or at points of interest (POIl). Furthermore, accessibility to parking areas
ranks among the top three preferences for locating ideal PEVCS sites across Malaysia. Parking areas
are strategically positioned to increase EVs public awareness and provide cost savings, as allowed users
to both park and charge their vehicles conveniently.

Conversely, the sub-criterion 'Research and Education' received the lowest ranking, with only 1.0194%
of experts selecting it for PEVCS location. This sub-criterion, was not favoured by experts which Farah
et al. [42] pertains to placing PEVCS at research and educational buildings. Consequently, the criteria
weights for determining the ideal PEVCS locations in Malaysia are integrated with GIS. Spatial data
layers need to be gathered and pre-processed before overlaying the AHP criteria weights with these
layers using ArcGIS software. The Weighted Overlay tool in ArcGIS will then be employed to combine
the AHP criteria weights with the spatial data layers, producing a map that predicts the ideal locations
for PEVCS in Malaysia.

Conclusions

This study addresses the critical issue of range anxiety among EV users by emphasizing the importance
of strategically locating PEVCS in Malaysia. Given the growing need to support a greener and cleaner
environment, integrating solar power with EVCS is necessary. To achieve this, careful consideration of
various criteria is necessary to identify the ideal locations for PEVCS in Malaysia. The objective of the
study is to identify suitable PEVCS locations using the AHP method. The AHP method is widely
employed across diverse fields, including the selection of transportation alternatives, casual-dining
restaurants, and new business partners. It is particularly effective for addressing complex decision-
making problems by providing a structured approach to evaluating and prioritizing criteria. This employed
the AHP method and analysed the data using Super Decisions software to determine the most suitable
locations.

However, the results revealed that the economic aspect is the most crucial criterion for locating PEVCS,
highlighting the importance of cost considerations in the decision-making process. Conversely, the
societal aspect is ranked the lowest, suggesting that while social factors are relevant, they are less critical
compared to economic factors in this context. Looking forward, the integration of AHP criteria weights
with spatial data layers using GIS tools, such as the Weighted Overlay tool in ArcGIS, will enhance the
predictive modelling of PEVCS locations. This approach will facilitate more informed and strategic
decisions, ultimately contributing to the effective placement of PEVCS and supporting the broader
adoption of EVs in Malaysia. In summary, the outcomes are expected to offer key insights for policy
makers and industry stakeholders, helping to drive well-informed decisions in the creation and
advancement of sustainable charging infrastructure across Malaysia.

Conflicts of Interest

The authors declare that there is no conflict of interest regarding the publication of this paper.

Acknowledgement

This research has been carried out under Fundamental Research Grants Scheme
(FRGS/1/2022/STG06/UPSI/02/1) provided by Ministry of Higher Education of Malaysia. The authors
would like to extend their gratitude to Universiti Pendidikan Sultan Idris (UPSI) that helped managed the
grants.

e-ISSN 2289-599X | DOI: https://doi.org/10.11113/mjfas.v21n4.3776 2284



MJ FAS Syahirah & Farah | Malaysian Journal of Fundamental and Applied Sciences, Vol. 21 (2025) 2270-2287

References

(1]

(2]

(3]

(4]

(3]

6]
(71

8]

9]

[10]

(1]

[12]

[13]
[14]

(18]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Liu, H., Li, Y., Zhang, C., Li, J., Li, X., & Zhao, Y. (2022). Electric vehicle charging station location model
considering charging choice behavior and range anxiety. Sustainability (Switzerland), 14(7), 1-19.
https://doi.org/10.3390/su14074213

Raja Ma’amor Shah, R. N. F. A., Abdul Rahim, H., & Azmar, N. A. S. (2024). A network model of electric vehicles
charging station (EVCS) in Malaysia. Semarak International Journal of Electronic System Engineering, 1(1),
46-59.

Hisoglu, S., & Comert, R. (2021). GIS-based optimum site selection for solar electric vehicle charging station:
Ankara-Istanbul highway case. International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences - ISPRS Archives, 46(4/W5-2021), 267-272. https://doi.org/10.5194/isprs-Archives-
XLVI-4-W5-2021-267-2021

Raja Ma’amor Shah, R. N. F. A., Mohamad Rusidi, F. S., & Azmar, N. A. S. (2024). Trends towards the demand
of electric vehicles based on the distribution of electric vehicle charging stations in Malaysia. Journal of
Advanced Vehicle System, 1(1), 1-6.

Syahirah, N. A., & Farah, R. N. (2024). Charging ahead: Statistics on electric vehicle charging station allocation
and uptake trends in Malaysia. Applied Mathematics and Computational Intelligence, 13(1), 69-83.
https://doi.org/https://doi.org/10.58915/amci.v13iNo.1.259

International Energy Agency. (2024). Malaysia - Countries & Regions.
https://www.iea.org/countries/malaysia/emissions

Tekin, S., Guner, E. D., Cilek, A., & Unal Cilek, M. (2021). Selection of renewable energy systems sites using
the MaxEnt model in the Eastern Mediterranean region in Turkey. Environmental Science and Pollution
Research, 28(37), 51405-51424. https://doi.org/10.1007/s11356-021-13760-6

Bilal, M., Ahmad, F., & Rizwan, M. (2023). Techno-economic assessment of grid and renewable powered
electric vehicle charging stations in India using a modified metaheuristic technique. Energy Conversion and
Management, 284(April), 116995. https://doi.org/10.1016/j.enconman.2023.116995

Kumar, V., Teja, V. R., Singh, M., & Mishra, S. (2019). PV based off-grid charging station for electric vehicle.
IFAC-PapersOnLine, 52(4), 276—281. https://doi.org/10.1016/j.ifacol.2019.08.211

Raja Ma’amor Shah, R. N. F. A., Azmar, N. A. S., Mohd Azmi, M. S., Abd Karim, N. S., Md Husin, N. H., Misron,
N., & Utami, N. S. (2024). Sustainable urban planning: Criteria for efficient photovoltaic electric vehicle charging
stations deployment in Malaysia. Semarak International Journal of Electronic System Engineering, 1(1), 35—
45.

Taherdoost, H., & Madanchian, M. (2023). Multi-criteria decision making (MCDM) methods and concepts.
Encyclopedia, 3(1), 77-87. https://doi.org/10.3390/encyclopedia3010006

Gebre, S. L., Cattrysse, D., & Van Orshoven, J. (2021). Multi-criteria decision-making methods to address
water  allocation problems: A  systematic review. Water (Switzerland), 13(2), 1-28.
https://doi.org/10.3390/w13020125

Kencana, C. (2024). Decision support system for manufacturing division priority using AHP method. Jurnal
Media Informatika Budidarma, 8(1), 231-239. https://doi.org/10.30865/mib.v8i1.7079

Singha, C., Swain, K. C., & Swain, S. K. (2020). Best crop rotation selection with GIS-AHP technique using
soil nutrient variability. Agriculture (Switzerland), 10, 1-18. https://doi.org/10.3390/agriculture 10060213
Madzik, P., & Falat, L. (2022). State-of-the-art on Analytic Hierarchy Process in the last 40 years: Literature
review based on Latent Dirichlet Allocation topic modelling. In PLoS ONE (Vol. 17, Issue 5 May).
https://doi.org/10.1371/journal.pone.0268777

Moslem, S., Saraji, M. K., Mardani, A., Alkharabsheh, A., Duleba, S., & Esztergar-Kiss, D. (2023). A Systematic
review of Analytic Hierarchy Process applications to solve transportation problems: From 2003 to 2022. [EEE
Access, 11(January), 11973-11990. https://doi.org/10.1109/ACCESS.2023.3234298

Kang, Y. O., Yabar, H., Mizunoya, T., & Higano, Y. (2024). Optimal landfill site selection using ArcGIS multi-
criteria decision-making (MCDM) and Analytic Hierarchy Process (AHP) for Kinshasa City. Environmental
Challenges, 14(December 2023). https://doi.org/10.1016/j.envc.2023.100826

Alwedyan, S. (2024). Optimal location selection of a casual-dining restaurant using a multi-criteria decision-
making (MCDM) approach. International Review for Spatial Planning and Sustainable Development, 12(1),
156-172. https://doi.org/10.14246/IRSPSD.12.1_156

Enkhtuya, D., Sukhbaatar, U., & Galsandorj, A. (2024). Solving location selection of Urban Consolidation
Center by using Analytic Hierarchy Process. Journal of the Eastern Asia Society for Transportation Studies,
15, 1350—1365. https://doi.org/https://doi.org/10.11175/easts.15.1350

Jain, K. S. M., Gupta, S., Khandelwal, S., & Agrawal, S. (2023). Analytic Hierarchy Process in hotel sector.
International ~ Journal  of  Engineering  Applied  Sciences and  Technology, 8(1), 71-81.
https://doi.org/10.33564/ijeast.2023.v07i12.012

Abdullah, M. M., & Asmael, N. M. (2023). Analytic Hierarchy Process for evaluation of transportation
alternatives on the Karkh side of Baghdad. Journal of Engineering and Sustainable Development, 27(6), 771—
782. https://doi.org/10.31272/jeasd.27.6.8

Srebrenkoska, S., Apostolova, A., Dzidrov, M., & Krstev, D. (2023). Application of Analytical Hierarchy Process
(AHP) in the selection of a flexible production system. Engineering World, 5, 138-143.
https://doi.org/10.37394/232025.2023.5.15

Nurjaman, I., & Andika Listyantoko, R. (2023). Analytic Hierarchy Process for determination of decision making
in the selection of contractors. Industry Xplore, 8(1), 229-237. https://doi.org/10.36805/teknikindustri.v8i1.5104
Borri, V. de M., Gasi, F., & Akkari, A. (2022). Analytics Hierarchy Process for decision-making in network
infrastructure replacement. International Journal of Advanced Engineering Research and Science, 9(9), 374—
377. https://doi.org/10.22161/ijaers.99.39

e-ISSN 2289-599X | DOI: https://doi.org/10.11113/mjfas.v21n4.3776 2285



MJ FAS Syahirah & Farah | Malaysian Journal of Fundamental and Applied Sciences, Vol. 21 (2025) 2270-2287

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[39]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Srdjevic, B., Srdjevic, Z., Reynolds, K. M., Lakicevic, M., & Zdero, S. (2022). Using Analytic Hierarchy Process
and Best-Worst Method in group evaluation of urban park quality. Forests, 13(2), 1-17.
https://doi.org/10.3390/f13020290

Li, G., & Gao, W. (2022). Achievement prediction of English majors based on Analytic Hierarchy Process and
Genetic Algorithm. Mobile Information Systems, 2022. https://doi.org/10.1155/2022/6542300

wang, h. (2021). research on decision Making Based on Analytic Hierarchy Process in selecting and appointing
persons. ACM International Conference Proceeding Series, 1123-1128.
https://doi.org/10.1145/3452446.3452735

Siekelova, A., Podhorska, I., & Imppola, J. J. (2021). Analytic Hierarchy Process in multiple—criteria decision—
making: A model example. SHS Web of Conferences, 90, 01019.
https://doi.org/10.1051/shsconf/20219001019

Abdul Rahman, N. D., Mersing, E. F., Mohd Yazid, N. S. S., & Mahad, N. F. (2021). An integrated approach of
Analytic Hierarchy Process and Decision-Making Trial and Evaluation Laboratory (AHP-DEMATEL) to solve
the supplier selection problem. International Journal of Academic Research in Business and Social Sciences,
11(11). https://doi.org/10.6007/ijarbss/v11-i11/11155

Tang, J. (2021). Prioritizing user requirements based on Analytic Hierarchy Process. Journal of Physics:
Conference Series, 1861. https://doi.org/10.1088/1742-6596/1861/1/012021

Kumar, P., & Channi, H. K. (2024). Optimal electric vehicle charging station placement: A multi-criteria decision-
making approach for site selection. 2nd International Conference on Integrated Circuits and Communication
Systems, ICICACS 2024. https://doi.org/10.1109/ICICACS60521.2024.10498237

Abdel-Basset, M., Gamal, A., Hezam, I. M., & Sallam, K. M. (2023). Sustainability assessment of optimal
location of electric vehicle charge stations: A conceptual framework for green energy into smart cities.
Environment, Development and Sustainability. https://doi.org/10.1007/s10668-023-03373-z

Sisman, A. (2023). Identification of suitable sites for electric vehicle charging stations; A Geographical
Information Systems based multi criteria decision making approach. Energy Sources, Part A: Recovery,
Utilization and Environmental Effects, 45(2), 4017—4030. https://doi.org/10.1080/15567036.2023.2200740
Zhao, H., Gao, J., & Cheng, X. (2023). Electric vehicle solar charging station siting study based on GIS and
multi-criteria  decision-making: A case study of China. Sustainability (Switzerland), 15(14).
https://doi.org/10.3390/su151410967

Priefer, J., & Steiger, L. (2022). Designing a GIS-AHP-based spatial decision support system for discovering
and visualizing suitable locations for electric vehicle charging stations. Wirtschaftsinformatik 2022
Proceedings. https://aisel.aisnet.org/wi2022

Ghodusinejad, M. H., Noorollahi, Y., & Zahedi, R. (2022). Optimal site selection and sizing of solar EV charge
stations. Journal of Energy Storage, 56, 105904. https://doi.org/10.1016/j.est.2022.105904

Sisman, S., Ergul, |., & Aydinoglu, A. C. (2021). Designing GIS-based site selection model for urban investment
planning in smart cities with the case of electric vehicle charging stations. International Archives of the
Photogrammetry, Remote Sensing and Spatial Information Sciences - ISPRS Archives, 46, 515-522.
https://doi.org/10.5194/isprs-Archives-XLVI-4-W5-2021-515-2021

Feng, J., Xu, S. X., & Li, M. (2021). 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(December
2020), 102623. https://doi.org/10.1016/j.scs.2020.102623

Karolemeas, C., Tsigdinos, S., Tzouras, P. G., Nikitas, A., & Bakogiannis, E. (2021). Determining electric
vehicle charging station location suitability: A qualitative study of Greek stakeholders employing thematic
analysis and  Analytical Hierarchy  Process.  Sustainability = (Switzerland), 13(4), 2298.
https://doi.org/10.3390/su13042298

Lee, B. H., Jung, S. J.,, Sung, J. H., Kwon, O. kyu, & Kim, B. S. (2021). Selection of charging sites for electric
vehicles in the Republic of Korea based on Fuzzy Analytic Hierarchy Process. Journal of the Korean Physical
Society, 79(3), 217-229. https://doi.org/10.1007/s40042-021-00128-9

Mweshi, G. K., & Sakyi, K. (2020). Application of sampling methods for the research design. Archives of
Business Research, 8(11), 180-193. https://doi.org/10.14738/abr.811.9042

Farah, R. N., Syahirah, N. A., Misron, N., Azmi, M. S. M., Karim, N. S. A., & Husin, M. (2023). A need analysis
of the criteria involved in determining suitable locations for photovoltaic electric vehicle charging stations in
Malaysia.  Malaysian  Journal of Fundamental and Applied Sciences, 19, 1033-1041.
https://doi.org/10.11113/mjfas.v19n6.3114

Islam, R., Anis, A., & Azam, M. S. E. (2024). Revitalizing university performance evaluation: The case of
SETARA model in Malaysia. Journal of Applied Research in Higher Education. https://doi.org/10.1108/JARHE-
12-2023-0561

Sahin, M., & Yurdugdl, H. (2018). A content analysis study on the use of Analytic Hierarchy Process in
educational studies. Journal of Measurement and Evaluation in Education and Psychology, 9(4), 376-392.
https://doi.org/10.21031/epod.373784

Rouyendegh (B. Erdebilli), B. D., Dogru, C. ., & Aybirdi, C. B. (2019). A comparison of different multi-criteria
analyses for electric vehicle charging station deployment. Communications in Mathematics and Applications,
10(1), 145-158. https://doi.org/10.26713/cma.v10i1.1126

Wu, Y., Xie, C., Xu, C., & Li, F. (2017). A decision framework for electric vehicle charging station site selection
for residential communities under an intuitionistic fuzzy environment: A case of Beijing. Energies, 10(9), 1270.
https://doi.org/10.3390/en10091270

Sun, L. (2020). Site selection for EVCSs by GIS-based AHP method. E3S Web of Conferences, 194, 05051.
https://doi.org/10.1051/e3sconf/202019405051

Yagmahan, B., & Yilmaz, H. (2023). An integrated ranking approach based on group multi-criteria decision
making and sensitivity analysis to evaluate charging stations under sustainability. Environment, Development
and Sustainability, 25(1), 96—121. https://doi.org/10.1007/s10668-021-02044-1

e-ISSN 2289-599X | DOI: https://doi.org/10.11113/mjfas.v21n4.3776 2286



MJ FAS Syahirah & Farah | Malaysian Journal of Fundamental and Applied Sciences, Vol. 21 (2025) 2270-2287

[49]

[50]
[51]
[52]

(53]

[54]
(58]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]
[65]

[66]

Kaya, O., Tortum, A., Alemdar, K. D., & Codur, M. Y. (2020). Site selection for EVCS in Istanbul by GIS and
multi-criteria decision-making. Transportation Research Part D: Transport and Environment, 80(December
2019), 102271. https://doi.org/10.1016/j.trd.2020.102271

Hisoglu, S., Tuominen, A., & Huovila, A. (2023). An approach for selecting optimal locations for electric vehicle
solar charging stations. IET Smart Cities, 5(2), 1-12. https://doi.org/10.1049/smc2.12058

Saaty, R. W. (1987). The Analytic Hierarchy Process-What it is and how it is used. Mathematical Modelling,
9(3-5), 161-176. https://doi.org/10.1016/0270-0255(87)90473-8

Saaty, T. L. (2008). Decision making with the Analytic Hierarchy Process. International Journal of Services
Sciences, 1(1), 83-98. https://doi.org/10.1504/ijssci.2008.017590D

Ali, S. A., Parvin, F., Al-Ansari, N., Pham, Q. B., Ahmad, A., Raj, M. S., Anh, D. T,, Ba, L. H., & Thai, V. N.
(2021). Sanitary landfill site selection by integrating AHP and FTOPSIS with GIS: A case study of Memari
Municipality, India.  Environmental  Science and Pollution Research, 28(6), 7528-7550.
https://doi.org/10.1007/s11356-020-11004-7

Aczél, J., & Alsina, C. (1986). On synthesis of judgements. Socio-Econ. Plann. Sci, 20(6), 333-339.

Aczél, J., & Saaty, T. L. (1983). The procedure for synthesizing ratio judgements. Journal of Mathematical
Psychology, 27(1), 93-102. https://doi.org/10.1080/09720529.2001.10697924

Brunelli, M. (2019). A study on the anonymity of pairwise comparisons in group decision making. European
Journal of Operational Research, 279(2), 502—510. https://doi.org/10.1016/j.ejor.2019.06.006

Al Amin, M., Das, A., Roy, S., & Imran Shikdar, M. (2019). Warehouse selection problem solution by using
proper MCDM process. International Journal of Science and Qualitative Analysis, 5(2), 43-51.
https://doi.org/10.11648/j.ijsqa.20190502.13

Bedir, N., Ozder, E. H., & Eren, T. (2016). Course selection with AHP & PROMETHEE methods for post
graduate students: An application in Kirikkale University Graduate School of Natural and Applied Sciences.
MATEC Web of Conferences, 68, 20004. https://doi.org/10.1051/matecconf/20166820004

Norddin, N. I., Ibrahim, K., & Aziz, A. H. (2012). Selecting new lecturers using the Analytical Hierarchy Process
(AHP). 2012 International Conference on Statistics in Science, Business and Engineering (ICSSBE), 1-7.
https://doi.org/10.1109/ICSSBE.2012.6396585

Malczewski, J., & Rinner, C. (2015). Multicriteria decision analysis in Geographic Information Science. Springer
Berlin Heidelberg

Department of Statistics Malaysia. (2024, November 13). Demographic Statistics, Third Quarter 2024.
Dosm.gov.my. https://www.dosm.gov.my/portal-main/release-content/demographic-statistics-third-quarter-
2024

Nazri, E. M., Balhuwaisl, M., & Kasim, M. M. (2016). A pre-evaluation step towards a guaranteed consistent
AHP-based pairwise comparison. Journal of Advanced Research in Social and Behavioural Sciences ISSN,
4(1), 73-80.

Janchomphu, W., Pannucharoenwong, N., Hemathulin, S., Echaroj, S., & lamtrakul, P. (2024). Suitability
factors for electric vehicle charging stations using analytic hierarchy process: a case study in Chonburi
Thailand. Engineered Science, 29, 1110. https://dx.doi.org/10.30919/es1110

Genevois, M. E., & Kocaman, H. (2018). Locating electric vehicle charging stations in Istanbul with AHP based
mathematical modelling. International Journal of Transportation Systems, 3.

Agidawati, E. F., & Nafi'ah, R. (2023). Selection of charging station location based on sustainability perspective
using AHP method. Jurnal Tekno, 20(1), 24—39. https://doi.org/10.33557/jtekno.v20i1.2332

Farah, R. N., & Syahirah, N. A. (2024). Towards sustainable mobility: Identifying ideal locations for photovoltaic
electric charging stations (PEVCS) in Malaysia. Journal of Advanced Research Design, 112(1), 1-8.
https://doi.org/https://doi.org/10.37934.ard.112.1.18

e-ISSN 2289-599X | DOI: https://doi.org/10.11113/mjfas.v21n4.3776 2287


https://doi.org/https:/doi.org/10.37934.ard.112.1.18

	Introduction
	Literature Reviews
	Methodology
	Results and Discussion
	Conclusions
	Conflicts of Interest
	Acknowledgement
	References

